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Abstract 
 

Growth performance, nutrient utilization and cost-effectiveness of Oreochromis 
niloticus reared under three production treatments: Open pond (OP), Hapas placed at 
inlet (Hapas-Inlet) and Hapas placed at outlet (Hapas-Outlet) were investigated. The 
study was conducted in three earthen ponds (500 m2) and six hapas (3 m3) installed in 
an earthen pond (500 m2). Fingerlings with initial mean weight of 5.60±0.91 g were 
stocked in triplicate in the open-ponds and hapas-in-ponds at a stocking density of 2 
fingerlings/m2 and 100/m3 respectively. Fish were fed thrice a day with an extruded 
diet and reared for five months. Final mean weight of fish reared in Hapas-Inlet 
(212.81±0.34 g) was significantly higher than those in OP (203.57±22.30 g) and Hapas-
Outlet (89.41±1.08 g). Feed conversion ratio (FCR) was lowest in Hapas-Inlet 
(0.80±0.00) when compared to OP (1.54±0.01) and Hapas-Outlet (2.14±0.23).  Cost-
effectiveness analysis revealed that Hapas-Inlet produced the highest income (255 600 
FCFA) and the lowest Incidence cost (982.32 FCFA) when compared to the other two 
treatments. These results imply that placing hapas at the inlet improved water quality, 
which in turn enhanced fish growth, reduced FCR, and consequently increased net fish 
yield.  
 

Introduction 
 

The Nile tilapia (Oreochromis niloticus, Linnaeus, 
1758), often referred to as the “aquatic chicken” and 
more recently as the “food fish of the 21st century” 
(Ramnarine, 2014; Fregene et al., 2020), is the second 
most widely farmed freshwater fish species worldwide, 
after the common carp (FAO, 2012; Shelton, 2002). Its 
growing dominance is attributed to its remarkable 
ability to thrive and breed in diverse environmental 
circumstances, as well as its capacity to withstand stress 
caused by handling (Tsadik and Bart, 2007). 
Furthermore, it performs well across a wide range of 

culture systems, from extensive, low-input setups to 
intensive production systems (Pullin, 1997), and 
accounts for approximately 83% of total global tilapia 
production (FAO, 2002). In Cameroon, Nile tilapia is of 
significant economic importance in freshwater capture 
fisheries (MINEPIA-SCDP, 2023). 

Its farming, however, is constrained by early sexual 
maturity and uncontrolled reproduction in ponds, which 
increase competition for food and reduce growth rates, 
leading to a phenomenon known as stunting (Obaroh & 
Achionye-Nze, 2011). To mitigate this issue, tilapia 
culture in most sub-Saharan African countries, including 
Cameroon, has traditionally been practiced in 
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polyculture—often with African catfish where feasible, 
or with other locally available species such as the African 
bonytongue (Heterotis niloticus), snakehead 
(Parachanna obscura), and banded jewel fish 
(Hemichromis fasciatus) (Pouomogne & Pemsl, 2008). 
However, this extensive practice could not provide 
sufficient yields. 

Several control methods and techniques for the 
efficient and sustainable development of tilapia culture 
have been reviewed by Fagbenro (2002), Guerrero and 
Guerrero (2001) and Mair and Little (1991). These 
methods include hybridization, manual sexing, the use 
of predators, and androgenous hormone-induced sex 
reversal. El-Saidy (2005) recommended mono-sex 
culture of male Nile tilapia, citing its superior growth 
performance and economic advantages. Although such 
a manipulation requires a technical know-how, its 
practice is gradually gaining grounds in developing 
countries and Cameroon in particular as there is a 
gradual shift in tilapia culture from traditional semi-
intensive to non traditional intensive farm systems (El-
Sayed and Kawanna, 2008). 

Traditionally, tilapia has been cultured in earthen 
ponds without supplemental feeding (Liti et al., 2005). 
Net enclosure culture (nets or cages) has been practiced 
on a large scale in North Africa (Kwikiriza et al., 2025; 
Mehrim et al., 2018) but has yet to be widely 
commercialized in sub-Saharan Africa. Flow-through 
culture of tilapia is also practiced on a very limited scale 
to produce market-size fish. Extensive evaluations of 
different management strategies are therefore needed 
to determine the most suitable culture approach under 
specific socio-economic conditions (Mensah et al., 
2014). It is against this background that this work was 
carried out with the aim to compare the growth 
performance and cost -effectiveness of monosex Nile 
tilapia (Oreochromis niloticus) reared in open-pond and 
hapa-in-pond systems. 

 

Materials and Methods 
 

Study Area 
 

The experiment was carried out in ACA farms (an 
intensive commercial fish farm) located at Ekok II, Mfou, 
Centre Region, Cameroon. Three earthen ponds of 500 
m2 each laid out in parallel were allocated for the open-
pond culture and one pond of 500 m2 in which three 
hapas were placed at the inlet and three towards the 
outlet were allocated for the hapa-in-pond culture. 
These ponds were square in shape and had both an inlet 
and outlet system. 
 
Culture Systems 
 

The ponds were adequately prepared (cleared and 
limed) prior to experimentation. Six hapas (HDPE Hapa 
net material of 1 mm mesh size) of 2 m x1 m x 1.5 m 
each were placed on the pond bed and each hapa was 

supported by four pecks. The hapas were spaced out 
from each other by a 4 m distance to allow sufficient 
water circulation around each hapa and avoid easy 
drifting of contents from one system into another (Anani 
et al., 2010). The water volume in each of the hapas was 
averagely 0.91±0.23 m3. 
 
Experimental Fish 
 

Three thousand six hundred monosex tilapia 
fingerlings produced via the method of Guerrero and 
Guerrero (2001) of mean weight 5.68±0.91 g were 
purchased from NIREX Farms for the purpose of this 
trial.  Upon arrival, these fingerlings were acclimated for 
two weeks in the studied ponds before the 
commencement of the experiment using an imported 
extruded feed. 
 
Experimental Setup 
 

The experiment had three treatments (open-
ponds, hapas-in-ponds placed at the inlet and hapas-in-
ponds placed at the outlet) replicated thrice each. Open 
ponds were labelled OP, hapas-in-ponds placed at the 
inlet were labelled Hapas-Inlet while hapas-in-pond 
placed towards the outlet were labelled Hapas-Outlet. 
The feed used for this study was an imported extruded 
feed brand that was also used for feeding the fingerlings 
obtained for this study. The proximate analysis for the 
imported feed as indicated by the Manufacturer was as 
follows: 30.00% crude protein, 8.50% crude fats, 4.10% 
crude fibre and 7.50% ash. 

Prior to experimentation, three hundred juveniles 
were randomly harvested for measurement of initial 
weight and total length using a sensitive electronic 
balance (nearest 0.01 g) and digital caliper (nearest 0.1 
mm) respectively. The readings revealed initial mean 
weights and total lengths of 11.00±0.34 g and 9.23±0.12 
cm respectively. For the open-pond system, fish were 
stocked randomly at a density of 2 fish/m2 and for the 
hapas-in-pond system, fish were stocked at 100 
fish/hapa and reared for five months. These stocking 
densities reflected those commonly employed in 
Cameroonian earthen pond and net enclosure systems 
(PPEA, 2017). These juveniles were hand-fed 
experimental diet three times daily at progressively 5%, 
4% and 3% body weight and feeding adjusted 
accordingly every fortnightly. Every month, thirty fish 
from each replicate were randomly harvest for 
measurement of individual weights and total lengths in 
order to enable eventual calculation of growth 
performance and nutrient utilisation parameters. 
Mortality was monitored by removing and counting 
carcass from each replicate as soon as they were 
noticed. 

Water parameters of importance to aquaculture 
(water temperature, total dissolved solids, turbidity, pH, 
dissolved oxygen, nitrites, ammonia and phosphorus) 
were measured every fortnightly (between 6 am to 7 
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am) according to APHA (2000) and Boyd (1979) till the 
end of the experiment. Water temperature, total 
dissolved solids and turbidity were measured in situ 
using a portable pen-like multimeter device, dissolved 
oxygen was measured using a portable oximeter (HACH 
HQ14d Oximeter) while nitrites, ammonia and 
phosphorus was measured by colorimetry using a 
spectrophotomer (HACH DR/3900). All the parameters 
were within standard limits for aquaculture as 
recommended by Boyd and Tucker (2014). 
 
Data Collection 
 

At the end of the experimental period, fish were 
deprived of feed for 24 hours, all the experimental 
holding systems were drained and all the fish harvested, 
counted and weighed. Fish growth performance and 
nutrient utilisation under the different production 
systems were evaluated using the following formulae:  

 
Weight gain (WG, Kg) = Final weight (g) – Initial weight 

(g); 
 

Daily weight gain (DWG, g day-1) = Final weight (g) – 
Initial weight (g)/ Time (days) 

 
Specific growth rate (SGR, % day-1) = LnWf–LnWi X 100/ 

T2-T1 (in days); 
 

Where, Ln= Natural logarithm reading, Wf = final 
mean weight and Wi= initial mean weight. 

 
Survival rate (SR, %) = (Initial number of fish stocked -

mortality) x100/ Initial number of fish; 
 

Feed intake (FI, Kg) = This is the amount of feed 
throughout the period of the experiment; 

 
Feed conversion ratio (FCR)= Feed intake (g)/Net 

weight gain (g); 
 

Condition factor (K) =100Wf/L3 
 
Where, Wf is the mean final weight and L is the 

mean total length (cm). 
Production parameters evaluated were biomass, 

net yields and net fish yields according to the following 
formulae: 

 
Biomass (Kg) = Number of fish x mean weight; 

 
Net yield (Kg) = Final biomass at harvest- initial biomass 

at stocking; 
 
Net fish yield (Kg m-2) = Final biomass at harvest- initial 

biomass at stocking/ volume of holding water. 
The total yield of the Nile tilapia was categorized 

into 6 body weight classes: 
- Super:  300-500g 

- First class:  299-200g 
- Second class: 199-150g 
- Third class: 149-100g 
- Fourth class: 99-50g 
- Fifth class: <50g. 
Enterprise budgeting analysis approach was used 

to compare profitability of the experimental diets 
(Engle, 2012). Only the cost of feeds, fingerlings, liming, 
feeding and cleaning were used in the calculations with 
the assumption that all other operating costs (e.g. hapa, 
ponds, labour, fish handling) remained constant (Abu et 
al., 2010). The prices of feeds and fingerling were based 
on market prices. Indices for profitability analyses used 
were: 
 

Total sales/revenue (TR, FCFA) = quantity of fish 
harvested (Kg) x unit price of fish (FCFA); 

 
Net returns= TR- TC. 

 
Total cost (TC, FCFA) = Cost of feeds used + cost of 

fingerlings 
 

Incidence cost (IC): is the cost of feed used to 
produce 1.0 kg of fish (relative cost per unit weight gain), 
and the lower the figure for a particular feed, the more 
profitable it is using that feed (Abu et al., 2010). This is 
computed as: 
 

IC (FCFA Kg-1) = Cost of feed (FCFA)/ Weight of fish 
produced (kg) 

 
Benefit cost ratio: TR/TC 

 
Data Analysis 
 

Statistical analyses were carried out to determine 
whether significant differences existed between the 
different treatments and the parameters tested. All 
results were analysed using a one-way variance analysis 
(ANOVA) to test differences among the various 
parameters of the treatments. Tukey’s (HSD) multiple 
comparisons of means was used to identify specific 
differences between pairs of treatments. Differences 
were regarded as significant when p≤0.05. Results were 
presented as means±SD (standard deviation). All data 
were analysed using SPSS version 23.0 and graphical 
presentations were done using Microsoft Excel 
Programme 2016 and GraphPad Prism Version 8.0. 
 

Results  
 

Growth Performance and Nutrient Utilisation 
Parameters of Nile Tilapia 
 

Growth performance and nutrient utilisation 
indices of monosex Oreochromis niloticus cultured in 
open-ponds and hapas-in-ponds positioned towards the 
inlet and outlet are presented in Table 1.  Comparison of 



593 

Aquaculture Studies, 26(5), 590-597 AQUAST2939 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mean initial weight showed no significant difference 
(P>0.05) among the production systems. Overall, the 
mean weights of monosex tilapia in the three 
treatments increased over time (Table 1, Figure 1). 
Growth performance indices in terms of mean final 
weight, daily weight gain and specific growth rate were 
highest in Hapas-Inlet treatment, followed by OP and 
lastly Hapas-Outlet treatments (P<0.05).  

Fish reared in Hapas-Inlet attained mean weights 
of 212.81±0.34 g with mean daily weight gains (DWG) 
and specific growth rates (SGR) of 1.35±0.00 g and 
3.76±0.00 % day-1 respectively. For OP treatment, fish 
attained mean weights of 203.57±22.30 g with mean 
DWG and SGR of 1.28±0.03 g and 3.72±0.00   % day-1 

respectively. As for fish reared in Hapas-Outlet, studied 
fish attained mean weights of 89.41±1.08 g with DWG 
and SGR of 0.52±0.01 g and 2.89±0.00 % day-1 

respectively. 
Feed nutrient utilization indices evaluated using 

feed intake (FI), feed conversion ratio (FCR) and 
condition factor (K) showed that the mean FI consumed 

by the Nile tilapia was significantly different (P<0.05) 
between the production systems ranging from 
105.03±1.87 kg to 770.08±10.71 Kg (Table 1). FCR was 
significantly lower (P<0.05) in studied fish reared in 
Hapas-Inlet (0.80±0.00) followed by the OP (1.54±0.01) 
and lastly fish reared in Hapas-Outlet (2.14±0.23). K 
values were greater than 1 irrespective of the 
production system. 

Biweekly mean weights of monosex Nile tilapia 
obtained from the studied production systems are 
illustrated in Figure 1. The growth curves assumed a 
more or less linear trend, with a clear separation of fish 
reared in the Hapas-Inlet and OP systems from the fish 
in the Hapas-Outlet starting from the second month 
until the end of the experiment. 
 
Weight Size Categories at Harvest 
 

Figure 2 presents the percentage frequencies of 
weight class categories at harvest of Nile tilapia reared 
in studied production systems. Results showed a 

Table 1. Growth parameters and nutrient utilization indices (mean±SD) of monosex O. niloticus cultured in open ponds and hapas-
in-ponds systems 

Parameter Open-pond Hapas-Inlet Hapas-Outlet 

Initial weight (g) 11.00±0.34a 11.00±0.34a 11.00±0.34a 
Initial length (cm) 9.23±0.12a 9.23±0.12 a 9.23±0.12a 
Final weight (g) 203.57±22.30a 212.81±0.34b 89.41±1.08c 
Final length (cm) 22.72±5.20a 22.53±8.71b 15.58±3.47c 
Weight gain (g) 197.57±18.68a 201.81±31.20b 78.41±13.23c 
Daily weight gain (g) 1.28±0.03a 1.35±0.00a 0.52±0.01b 
Specific growth rate (% day-1) 3.72±0.00a 3.76±0.00a 2.89±0.00b 
Survival (%) 97.05±0.02a 98.63±0.00a 87.85±0.00b 
Feed intake (Kg) 770.08±10.72 145.83±2.51 75.03±1.87 
Feed Conversion ratio 1.54±0.01a 0.80±0.00b 2.14±0.23c 
Condition factor 1.74±0.03a 1.86±0.01a 2.36±0.04b 

Description: Different letters indicate significant differences (P<0.05) 
 
 
 

 

Figure 1. Mean weight of monosex Nile tilapia reared in three culture enclosures. 
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significant higher percentage (P<0.05) of good-sized fish 
(200g and larger) in Hapas-Inlet than the other two 
production systems. Mean percentages of good-sized at 
harvest of Nile tilapia in Hapas- Inlet and OP were 
respectively 56.56±10.00% and 52.06±10.56%. Fish in 
Hapas-Outlet attained the lowest percentage of good-
sized Nile tilapia (Figure 2). 
 
Production Yields and Economic Assessment 
 

The results on net yield of the Nile tilapia (Figure 3, 
Table 2) showed significant difference (P<0.05) between 
the different production systems. Net yield was highest 
in OP treatment at 501.40±0.47 Kg which was 

significantly higher (P<0.05) than Hapas-Inlet and 
Hapas-Outlet with biomasses of 183.24±1.01Kg and 
49.11±2.13 Kg respectively. Contrarily, net fish yield was 
significantly higher (P<0.05) in Hapas-Inlet (30.54±0.20 
Kgm-2), followed by Hapas-Outlet (8.19±0.02 Kgm-2) and 
lastly OP (1.00±0.05 Kgm-2) (Table 2). 

Economic assessment revealed that it was least 
expensive (982.32 FCFA) to produce fish reared in 
Hapas-Inlet treatment whilst OP (1 866.77 FCFA) and 
Hapas-Oulet (1832.62 FCFA) it costed more (Table 2). 
Highest net returns and profits were observed in Hapas-
Inlet (255 600 FCFA), followed by OP (242 500 FCFA) and 
lastly Hapas-Outlet (10 275 FCFA) (Table 2).  
 

 

Figure 2. Weight class categories of Nile tilapia reared in open-pond and hapas in pond systems. 

 

 

Figure 3. Biomass of Nile tilapia at harvest reared in different production systems. 
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Discussion 
 

The superiority in growth observed in Oreochromis 
niloticus reared in hapas placed at the pond inlet and in 
open-pond systems compared to those reared in hapas 
placed at the pond outlet, could be largely attributed to 
differences in stocking density and water quality 
dynamics. In open-pond systems, the lower stocking 
density minimized competition for space, dissolved 
oxygen, and feed resources, thereby promoting more 
efficient growth of fish. Similarly, hapas positioned at 
the pond inlet benefitted from a continuous inflow of 
fresh water, which enhanced water circulation, diluted 
metabolic waste, and maintained optimal water quality. 
Abou-Zeid & Abdel-Rahman (2012) highlighted that fish 
cultured at lower stocking densities typically achieve 
better growth outcomes due to the abundance of 
dissolved oxygen and the larger areas available for 
swimming and feeding. The enhanced growth observed 
in the Hapas-Inlet treatment was due to the constant 
freshwater exchange along the water column, which 
improved water quality and consequently promoted 
growth performance (Muyot et al., 2018). This was 
evident from the better feed conversion ratio (0.80) and 
specific growth rate (3.76) achieved by O. niloticus in this 
treatment, indicating more efficient feed utilization. 
These findings align with those of Mensah et al. (2014), 
who reported that tilapia performed best in floating 
cages due to continuous water exchange. Moreover, the 
condition factors were greater than 1 across all 
treatments, indicating that the fish exhibited isometric 
growth in all culture enclosures, reflecting a generally 
good physiological condition (Limbu, 2015). 

Technological advancements in fish culture have 
led to the development of aeration systems that help 
maintain desirable water quality in ponds (Okomoda et 
al., 2016). However, the adoption of these systems in 
Cameroon’s socio-economic context remains limited 
due to high costs, unreliable electricity supply, and the 
technical knowledge required for their operation. As a 
result, many fish farmers continue to rely on the 
conventional static system for commercial fish 
production and fisheries research, which involves flow-
through water renewal to maintain water quality 

(Okomoda et al., 2016). The superior performance 
observed when hapas were placed at the pond inlet 
suggests that this setup may serve as a low-cost, natural 
aeration strategy to improve water quality in highly 
intensive tilapia production within net enclosures in 
ponds. 

The rearing period required to attain market-size 
Nile tilapia in this study for fish reared in open ponds and 
hapas-in-ponds at the inlet was within the typical 
culture duration of 4 to 6 months, as reported by Abu-
Zied (2015). However, for tilapia reared in hapas-in-
ponds at the outlet, the grow-out period was longer. The 
smaller size and lower biomass observed in the Hapas-
Outlet treatment could be attributed to less efficient 
water exchange in this system. Reduced water exchange 
likely resulted in lower dissolved oxygen levels, which 
led to decreased feeding activity (inappetence) and 
consequently slower growth rates (Muyot et al., 2018). 
According to Makorie et al. (2017), at optimal dissolved 
oxygen levels, the specific growth rate (SGR) in fish can 
reach up to 3.8 % per day, consistent with the SGR 
observed in fish reared in OP and Hapas-Inlet systems in 
this study. 

Economic assessment in this study showed that 
Nile tilapia reared in OP generated the highest net 
income, whereas tilapia reared in Hapas-Inlet recorded 
the lowest incidence cost. This difference is attributed 
to the higher net fish yield and lower feed conversion 
ratio (FCR) observed in these systems. Similar results 
were reported by Abou-Zeid & Abdel-Rahman (2012), 
who noted that lower stocking densities and efficient 
water exchange improve oxygen availability, thereby 
enhancing growth performance and reducing 
production costs. Mensah et al. (2014) also confirmed 
that tilapia cultured in floating cages or hapas with 
continuous water exchange exhibit superior growth and 
feed utilization compared to those reared under limited 
flow conditions. These findings imply that efficient 
water exchange, as observed in the hapas-inlet 
treatment, improved water quality, which in turn 
enhanced fish growth, reduced FCR, and ultimately 
resulted in higher net fish yield (El-Sayed, 2006; Ridha & 
Cruz, 2000).  
 

Table 2. Productivity and economic assessment of rearing Nile tilapia in different systems  

Parameter Open-pond Hapas-inlet Hapas-out 

Production yields    

Net yield (Kg) 501.4±0.47 183.24±1.02 49.11±2.13 
Net Fish yield (Kg/m2) 1.00±0.05 30.54±0.20 8.19±0.02 

Economic assessment    

Price of 1 fingerling (FCFA) 75 75 75 
Cost of fingerlings (FCFA) 75 00 22 500 22 500 
Price of 1 kg feed (FCFA) 1 200 1 200 1 200 
Cost of total feed used (FCFA) 936 000 180 00 90 000 
Price of 1kg live fish (FCFA) 2 500 2 500 2 500 
Total sales (FCFA) 1 253 500 458 100 122 775 
Profit (FCFA) 242 500 255 600 10 275 
Incidence cost (FCFA) 1 866.77 982.32 1832.62 
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