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Effect of Rationing on Oreochromis niloticus (Linnaeus, 1758) Tilapia Larvae Reared in Happas (Dabou, Ivory Coast)




Abstract
[bookmark: _Hlk243474404][bookmark: _Hlk243556881]The inability to control feeding rates remains one of the major concerns for some Ivorian fish farmers. This study, conducted from March 10 to April 14, 2025, aimed to evaluate the effect of feeding rates on the growth and survival of Oreochromis niloticus larvae. Thus, three rationing rates (10%, 20%, 30%) were tested on three batches (each treated in triplicate) of 25 larvae reared in happas. At the start of the study, the larvae weighed 30.67 ± 7.40 mg and measured 12.63 ± 0.57 mm in length. They were fed a commercial feed (containing 47% protein). To monitor changes in zootechnical parameters, ten larvae per happa were randomly selected, weighed, and measured each week. Deaths were counted and recorded. The physicochemical parameters of the water were measured daily using a multiparameter meter. At the end of the study, the larvae fed at a rate of 20% showed the best growth (average weight: 1745.33 ± 297.71 mg; average length: 45.00 ± 2.50 mm). Furthermore, the highest survival rate (100%) was recorded in the 20% feeding rate group. Overall, the 20% feeding rate yielded the best performance. Looking ahead, it would be interesting to extend the experiment through to the grow-out phase while incorporating an economic analysis. 
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1. Introduction
In Côte d’Ivoire, the demand for fishery resources is estimated at 650,000 metric tons per year (Wognin et al., 2023), while national production barely reaches 100,000 metric tons, of which 94,500 metric tons come from fisheries and only 4,500 metric tons from aquaculture (Tré Bi et al., 2023).
To increase domestic production, the Ivorian government is seeking to encourage the development of aquaculture, particularly fish farming, which offers a sustainable alternative to meet the ever-growing domestic demand for fish. Accordingly, the government has implemented several initiatives, including the National Policy for the Development of Livestock, Fisheries, and Aquaculture (MIRAH, 2022). This policy aims to remove existing barriers and ensure national self-sufficiency in fish. Research institutions such as the Center for Oceanographic Research (CRO), the National Center for Agronomic Research (CNRA), and universities have been established and tasked with identifying and studying the most promising local aquaculture species. Among these species, the tilapia Oreochromis niloticus stands out as a fish with high aquaculture potential. According to Yao et al. (2017), Kremen et al. (2020), and El-Sayed et al. (2021), O. niloticus exhibits numerous characteristics of interest for fish farming. It is undemanding in terms of feed and grows rapidly. 
However, the intensification of tilapia farming requires not only high-quality feed but also sufficient quantities of it. Numerous studies have shown that the quantity and quality of feed provided are critical factors during the farming process. An insufficient feed ration reduces fish performance, while an excess leads to feed waste and even pollution of the rearing water. Furthermore, research by Aworunsebe et al. (2024) has shown that feed costs account for between 60 and 70 percent of the production cost of farmed fish. This means adjusting the amount of feed to the fish’s needs, their size, water temperature, and the type of farming system. Recent studies have indicated that moderate rationing can maintain or even improve growth while optimizing the feed conversion ratio (Ayoola et al., 2023). 
Today, it is therefore necessary to determine the optimal rationing rate for efficient growth and sustainable fish farming management. In this context, different rationing rates were tested in happas on larvae of the tilapia Oreochromis niloticus. The objective of this study was to determine the ration that yields the best growth and survival results. 
2. Materials and Methods
2.1. Study Area and Period
[bookmark: _Hlk243556692]The study was conducted at the Layo Experimental Aquaculture Station (Figure 1), from March 10 to April 14, 2025 , over a period of 35 days. The study area is located on the northern shore of the Ebrié Lagoon, approximately 40 km west of Abidjan on the Abidjan-Dabou axis.
[image: ]
Figure 1: Geographic location of the study area.
2.2. Materials
2.2.1. Biological Material
To conduct the experiment, 225 individuals with an initial average weight of 30.67 ± 7.40 mg and an initial average length of 12.63 ± 0.57 mm were distributed among the happas. The larvae were fed three different feeding rates (10%, 20%, 30%), prepared using a commercial feed containing 47% protein.
2.2.2. Technical Equipment
[bookmark: _Hlk150505113][bookmark: _Hlk150505480][bookmark: _Toc140482496]The technical equipment consisted primarily of: a HANNA multi-parameter  for determining several physicochemical parameters of the rearing water; a Fisher Scientific precision scale with a maximum capacity of 620 g and a precision of 0.001 g, for weighing the fry during sampling; an OHAUS digital kitchen scale with a maximum capacity of 2,000 g and an accuracy of 0.0 g, for weighing the daily feed ration; a 50-cm ichtyometer for measuring fish size during sampling ; a hand net with a 6-mm mesh for collecting juvenile fish for sampling; plastic buckets and basins for transporting fish during sampling, and plastic bowls for serving the daily feed ration.
2.2.3. Rearing Infrastructure
[bookmark: _Hlk151222379]Nine (9) identical happas made of 1.5-mm-mesh netting (Figure 2) were used to set up the experimental plots. Each happa had a capacity of 50 liters. They were arranged in three rows of three happas in a previously prepared fish pond. Each row was supported by eight Chinese bamboo stakes, each three meters long. The happas were suspended in the water from the bamboo stakes approximately 20 cm above the sediment. 
[image: C:\Users\Utilisateur\Desktop\Mama\20250411_143455.jpg]
Figure 2: Experimental happas installed.
[bookmark: _Toc140482504][bookmark: _Toc147753290]2.3. Methods 
2.3.1. Composition of the experimental groups
Three experimental groups were established based on the rationing rate. Before the fish were distributed among the happas, 30 individuals were selected, weighed, and measured individually to determine the average initial weight and average initial length. The experimental groups, each set up in triplicate, consisted of Group 1 (fed a ration of 10% of the biomass); Group 2 (fed a ration of 20% of the biomass); and Group 3 (fed a ration of 30% of the biomass).
[bookmark: _Toc147753291]2.3.2. Rearings
The established groups (1, 2, and 3) received feed rations comprising 10%, 20%, and 30%, respectively, of the biomass of the larvae in each group. The daily feed ration was distributed manually at the following times each day: 8:30 a.m., 12:30 p.m., and 4:30 p.m. Each week, sampling was conducted to monitor larval growth and survival rates. To do this, 10 fish were randomly selected from each happa, weighed, and measured individually using a precision scale and an ichtyometer. After the measurements, all fish in each happa were counted to determine biomass and adjust the daily feed ration. At the end of the trial, all fish were weighed, measured individually, and counted by batch.
In addition, the water temperature, dissolved oxygen level, and pH were measured in the pond starting at 7:00 a.m., before feeding. To perform these measurements, the probe of the measuring device (a HANNA-type multiparameter meter) was submerged directly into the water, and the measured parameter values were automatically displayed on the screen.
2.3.3. Calculated Zootechnical Parameters
Several zootechnical parameters were determined during this experiment. These included:
[bookmark: _Toc140482509][bookmark: _Toc147753295]- Weight growth (Pm) and Length growth s (Lm), whose formulas are:
Pm (𝑔) = Sum of the weights of the individuals weighed / Total number of subjects weighed 
[bookmark: _Toc147753296][bookmark: _Toc140482510]Lm (cm) = Sum of the lengths of the weighed individuals / Total number of weighed subjects 
- Average Daily Gain (ADG), calculated using the formula:
[bookmark: _Toc140482511][bookmark: _Toc147753297]ADG (g/day) = (Average final weight - Average initial weight) / Rearing period 
- Coefficient of Variation (CV) by the formula:
[bookmark: _Toc147753298][bookmark: _Toc140482512]CV (%) = (Standard Deviation / Average) × 100. When the CV is less than 2%, the population is considered highly homogeneous; when the CV is between 2% and 30%, the population is considered homogeneous; and if the CV is greater than 30%, the population is considered heterogeneous. 
- The condition factor K , which is calculated using the formula:
[bookmark: _Toc140482513][bookmark: _Toc147753299]K = (P / L3) × 100; where P = total weight of the fish in grams and L = total length of the fish in centimeters.
- The survival rate (SR) . It is calculated using the following formula:
[bookmark: _Toc147753300][bookmark: _Toc140482514]SR (%) = (Number of fish remaining / Initial number of fish) × 100 




[bookmark: _Toc147753301][bookmark: _Toc140482515]2.3.4. Statistical Analyses 
The data were first subjected to a descriptive analysis using Excel 2016. This allowed us to calculate the averages and standard deviations and to present the data in graphical form. The results were presented as average ± standard deviation. 
To compare results across the different groups, an analysis of variance (one-way ANOVA) was performed using Statistica 7.1 software. The threshold for statistical significance was set at 5% (α = 0.05). When a significant difference was observed following the ANOVA, post hoc comparisons were performed using Tukey’s HSD test.

[bookmark: _Toc147753304][bookmark: _Toc140482518]3. Results
3.1. Physicochemical Parameters of the Rearing Water
[bookmark: _Toc147753305][bookmark: _Toc140482519]Changes in the water’s physicochemical parameters are shown in Table 1. The dissolved oxygen level and pH showed slight fluctuations relative to temperature. The temperature ranged from 27.20 to 29.20°C, with an average of 28.80 ± 0.76°C. With regard to dissolved oxygen levels, the recorded values ranged from 5.50 mg/L to 6.70 mg/L, yielding an average of 6.06 ± 0.31 mg/L. Regarding pH, the recorded values ranged from 6.58 to 7.60, with an average of 7.1 ± 0.33 . The observed values were consistent with the recommended standards for O. niloticus.
Table 1: Variation in the physicochemical parameters of the water during the experiment.
	Periods
	Temperature (°C)
	Dissolved oxygen (mg/l)
	pH

	Week 1
	27.40
	5.50
	6.80

	Week 2 
	28.10
	6.20
	6.58

	Week 3
	27.20
	6.70
	7.18

	Week 4
	29.10
	5.90
	7.35

	Week 5
	29.20
	6.00
	7.6

	Averages
	28.80 ± 0.76
	6.06 ± 0.31
	7.1 ± 0.33




[bookmark: _Toc140482520][bookmark: _Toc147753306]3.2. Zootechnical Performance
3.2.1. Weight- al growth of the fish
From the start to the end of the experiment, average weights ranged from 30.66 ± 7.39 mg to 1,574.15 ± 381.57 mg, 1,745.33 ± 297.71 mg, and 1,712.00 ± 250.70 mg, respectively, for ration levels of 10%, 20%, and 30% (Figure 3). During the first two weeks, weight gain remained low regardless of the treatment group. However, it increased rapidly in each group from week 2 to week 5. Larvae fed the 20% and 30% diets showed nearly identical growth rates. Ultimately, the highest average weight was observed in individuals fed the 20% diet. In contrast, those fed the 10% diet showed relatively slow growth. The fish in group 3 exhibited intermediate growth. At the end of the trial, the weight gain of the group receiving the 10% diet was significantly different (p < 0.05) from that of the other two groups.

Figure 3: Changes in the average weights of O. niloticus larvae as a function of feeding rate and rearing duration.
[bookmark: _Toc147753307][bookmark: _Toc140482521]3.2.2. Length growth of the fish
From week 0 to week 2, the length of the larvae increased from 12.63 ± 0.57 to 25.26 ± 1.96 mm, to 26.66 ± 1.90 mm, and to 26.30 ± 2.25 mm, respectively, for the 10%, 20%, and 30% feeding rates (Figure 4). At the end of the experiment, the greatest total length (45.00 ± 2.50 mm) was observed in group 2, while the larvae fed the 10% diet had the lowest value (43.60 ± 3.31 mm). Those fed the 30% diet recorded an intermediate total length (44.75 ± 3.32 mm), with no significant difference (p > 0.05) between the groups.

Figure 4: Growth of O. niloticus larvae as a function of feeding rate and time.
[bookmark: _Toc147753308][bookmark: _Toc140482522]3.2.3. Average Daily Gain (ADG)
[bookmark: _Toc147753309][bookmark: _Toc140482523]The ADGs determined are shown in Table 2. The lowest values for this parameter were obtained in the second week for the 10% diet (16.57 ± 1.36 mg/day) and in the first week for the other two (18.57 ± 0.95 mg/day for the 20% diet and 18.05 ± 1.00 mg/day for the 30% diet). In contrast, the highest values were recorded during the fourth week of age for all diets. They were 66.00 ± 5.94 mg/day for the 10% diet; 70.33 ± 11.97 mg/day for the 20% diet; and 67.81 ± 7.03 mg/day for the 30% diet. At the end of the trial, the average daily intake (ADI) was 44.09 ± 1.70 mg/day for batch 1, 48.99 ± 2.91 mg/day for batch 2, and 48.04 ± 1.43 mg/day for batch 3. There is a significant difference (p < 0.05) between group 1 and the other two groups (groups 2 and 3).





Table 2: Average Daily Feed Intake (ADFI) of Oreochromis niloticus tilapia larvae by diet
	Period
	10% Diet
	20% Diet
	30% Diet

	
	
	
	

	Week 1
	 18.14 ±0.76
	 18.14 ±0.77
	 18.14 ±0.78

	
	
	
	

	Week 2
	 16.57 ± 1.36a
	 23.48 ± 2.01b
	 20.62 ± 3.76b

	
	
	
	

	Week 3
	 39.62 ± 3.73a
	42.43 ± 2.11b
	45.52 ± 4.12ab

	
	
	
	

	Week 4
	 66.00 ± 5.94a
	 70.33 ± 11.97b
	 67.81 ± 7.03b

	
	
	
	

	Week 5
	 44.11 ± 1.70a
	 48.99 ± 2.91b
	 48.04 ± 1.43b

	
	
	
	

	Average
	36.89 ± 2.70a
	40.76 ± 3.99b
	 40.01 ± 3.45b

	
	
	
	



ADG values with the same letters in the same row are not significantly different (p > 0.05).

[bookmark: _Hlk150685951]3.2.4. Coefficient of Variation (CV) , and Condition Coefficient (K)

The CVs for average weight were 24.62 ± 3.91, 16.17 ± 6.63, and 13.70 ± 7.73%, respectively, for larvae fed 10%, 20%, and 30% of the biomass. For average total length, the CVs were 7.83 ± 1.42% for batch 1, 5.48 ± 1.61% for batch 2, and 4.52 ± 2.04% for batch 3. The CVs for the average weight and average total length of the larvae ranged from 2% to 30%, regardless of the rationing rate.
[bookmark: _Toc140482525][bookmark: _Toc147753311]Regarding the Condition Factor (K), the recorded values were 1.89 ± 0.03%, 1.91 ± 0.02%, and 1.90 ± 0.01% for the larvae in batches 1, 2, and 3, respectively. These values were not significantly different (p > 0.05).

3.2.5. Survival Rate
The survival rate of Oreochromis niloticus larvae was determined for each diet at the end of the experiment. The highest value for this parameter (100.00 ± 0.00%) was recorded in larvae fed the 20% diet, while those fed the 10% and 30% diets showed the same survival rate (98.67 ± 2.31%). There were no significant differences (p > 0.05) among the different treatment groups.
4. Discussion
[bookmark: _Toc140482528][bookmark: _Toc147753314]The average values for temperature (28.80 ± 0.76°C), dissolved oxygen (6.06 ± 0.31 mg/L), and pH (7.1 ± 0.33) were within the recommended range for good growth of farmed fish (Ross, 2000). This range is 27 to 29°C for temperature, 6.5 to 9 for pH, and greater than 3 mg/L for dissolved oxygen. Our results were consistent with those of N’dri et al. (2025a), who, in their trial with Coptodon guineensis juveniles in happas, obtained values of 28.13 ± 0.31°C for temperature, 6.30 ± 0.26 mg/L for dissolved oxygen, and 7.03 ± 0.21 for pH. Similarly, N’dri et al. (2025b) observed average values of 28.35 ± 1.20°C, 7.46 ± 0.93 mg/L, and 6.94 ± 0.77 for temperature, dissolved oxygen, and pH, respectively, during their study of Sarotherodon melanotheron tilapia in happas. The favorable values of the physicochemical parameters could be explained by the fact that the fish were raised in a suitable environment. 
With regard to weight gain, larval growth was slow for all three diets during the first two weeks. This slow larval growth at the start of the experiment is thought to be due to the fact that the larvae had not yet acclimated to the rearing conditions. According to Legendre et al. (1992), this situation can be explained by the preferential allocation of most of their energy toward the development of various organs. From the second week until the end of the experiment, growth was more pronounced. This rapid growth is thought to be linked to the fact that the larvae readily accepted and utilized the feed provided. However, the growth of larvae fed the 10% biomass diet remained below that of the other two diets until the end of the experiment. This result could be explained by the fact that this diet remains insufficient to support good larval growth. Thus, excessive dietary restriction can limit the growth potential of larvae. This observation is consistent with the conclusions of Nairuti et al. (2021), who observed reduced growth performance in tilapia fed less nutritious diets. Furthermore, although the 30% diet produced good results, the 20% diet yielded the highest growth. This observation is comparable to that of N’dri et al. (2025a).
Regarding ADG, a gradual increase in recorded values was observed, with the exception of week 5. The results showed better performance among the fish in the group fed the 20% diet. Our results are consistent with the observations of Shoko et al. (2016), Gangbé et al. (2022), and N’dri et al. (2025a), who demonstrated that juvenile fish exhibit better growth and a higher ADG with a moderate feeding rate, compared to rates that are too low or too high.
Regarding larval survival, the results showed that the highest survival rate (100%) in the group fed at 20% of biomass could be explained by the fact that this feeding rate provides more favorable nutritional and environmental conditions for larval survival, potentially reducing feeding competition and metabolic stress. This finding is consistent with the work of El-Sayed (2021), who emphasizes that a moderate feeding rate promotes growth in tilapia larvae. A low feed rate, such as 10%, can lead to undernutrition and dominance conflicts, whereas an excessive rate, such as 30%, can degrade water quality, increase metabolic waste, and cause stress, although in this study, water quality parameters remained within acceptable limits.

Conclusion
The purpose of this study was to evaluate the effect of rationing on the growth and survival of Oreochromis niloticus larvae. The rationing levels tested had a positive effect on the growth and survival of Oreochromis niloticus larvae. However, the 20% ration showed the best growth performance (final average weight: 1745.33 ± 297.71 mg; ADG: 40.76 ± 3.99 g/day) and survival (100.00 ± 0.00%). Looking ahead, it would be interesting to test these diets on other fish species through the grow-out phase and in other aquaculture facilities to better evaluate the results.
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10% Ration	7.3967995564406701	29.142929585537299	78.351550828566104	155.68498993786801	240.497807479193	381.57206577435699	7.3967995564406701	29.142929585537299	78.351550828566104	155.68498993786801	240.497807479193	381.57206577435699	Week 0	Week 1	Week 2	Week 3	Week 4	Week 5	30.66	157	273	550.33000000000004	1012.33	1574	20% Ration	7.3967995564406701	24.765567494675601	65.692596549225499	121.723258764042	196.37549066350701	297.71235056369602	7.3967995564406701	24.765567494675601	65.692596549225499	121.723258764042	196.37549066350701	297.71235056369602	Week 0	Week 1	Week 2	Week 3	Week 4	Week 5	30.66	160.66	325	622	1114.33	1745.33	30% Ration	7.3967995564406701	22.765672888561099	67.542238806457306	117.44502259922901	210.16796785581701	250.71484007629601	7.3967995564406701	22.765672888561099	67.542238806457306	117.44502259922901	210.16796785581701	250.71484007629601	Week 0	Week 1	Week 2	Week 3	Week 4	Week 5	30.66	157	303.66000000000003	622.33000000000004	1095.33	1712	Rearing Period (Weeks)

Average Larval Weight (mg)



10% Ration	0.57333333333333303	1.2129568697262501	1.96404461873141	2.8373534698101501	2.7367234373268001	3.3176643217366202	0.57333333333333303	1.2129568697262501	1.96404461873141	2.8373534698101501	2.7367234373268001	3.3176643217366202	Week 0	Week 1	Week 2	Week 3	Week 4	Week 5	12.63	21.33	25.26	32.130000000000003	37.4	43.6	20% Ration	0.57333333333333303	1.03335187228457	1.89978825196358	2.2552620460939199	2.2337536060214398	2.5051670740622298	0.57333333333333303	1.03335187228457	1.89978825196358	2.2552620460939199	2.2337536060214398	2.5051670740622298	Week 0	Week 1	Week 2	Week 3	Week 4	Week 5	12.63	21.63	26.66	33.5	38.9	45	30% Ration	0.57333333333333303	0.97143098618457702	2.2460693636232398	1.8835124230063001	1.7287295182088001	2.09980842038002	0.57333333333333303	0.97143098618457702	2.2460693636232398	1.8835124230063001	1.7287295182088001	2.09980842038002	Week 0	Week 1	Week 2	Week 3	Week 4	Week 5	12.63	21.43	26.3	33.159999999999997	38.659999999999997	44.75	Rearing Period (Weeks)

Average total length of larvae (mm)
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