


On-farm reproductive performance and profitability of imported and local strains of Clarias gariepinus in two agro-ecological zones of Cameroon

Abstract: 
Aims: One of the constraints encountered by aquaculturist is the lack of control over the strains and their performances. This study was conducted to evaluate on-farm performance and profitability of imported and local strains of Clarias gariepinus cultivated in Cameroon. 
Study design: This study was carried out from February 01 to June 20, 2024 in the Western Highlands and the Monomodale Rainfall Forest Zone of Cameroon.
Methodology: forty (40) farms rearing C. gariepinus were sampled and surveyed in the Western Highlands and the Monomodale Rainfall Forest Zone of Cameroon. The data was gathered via personal interviews.
Results: At the end of this study, the results show that 57% of producers use local strains, 13% for imported strains and 30% do not control the origin of the strain used. The strains to be used are chosen either for their growth and immune resistance (producers of local strains) or for their growth only (producers of imported strains). The socio-demographic characteristics of producers did not significantly affect (p> 0.05) the choice of the strain. With the exception of the average daily gain, all the reproductive characteristics studied were significantly affected by the type of strain (p< 0.05). Thus, the imported strain has the highest significant values for hatching rates (76.66%) and survival at the third day, unlike the egg-laying rates (19.33%) and deformed larvae (2.66%) which were lower. As for the productivity and cost of the fry, the highest significant values (p< 0.05) were with the imported strain, i.e. 4.92 fry/gram of female and 26.03 CFA francs respectively.
Conclusion:  In terms of productivity and profitability, the highest significant values were with the imported strain. However, the study shows that the local strain has the lowest production costs per fry, resulting in the highest profits per fry.
Keywords: Clarias gariepinus, Strains, reproduction, productivity, profitability, Cameroon.	Comment by dell: 	Comment by dell: Add Agroecology

1. Introduction
Aquaculture growth is essential to meet the globally increasing demand for fish, which is driven by rapid population growth, rising income and consumer preferences shifting towards healthier and more nutritious foods [1,2]. However, aquaculture production of most aquatic species currently farmed relies heavily on wild-type stocks with limited genetic improvement, resulting in low productivity [3,4,1].	Comment by dell: gap
In Cameroon, the fish species that contribute significantly to national aquaculture production are Nile tilapia, common carp and catfish [5]. There are several species of catfish, including Clarias gariepinus. In recent years, intensive breeding of this species in urban and peri-urban areas has developed and the same strain of Clarias gariepinus broodstock is frequently reused for several generations for reproduction and exchanged among producers. As a result, a decline in the zootechnical performances of this species has been observed in Cameroonian aquaculture. Indeed, in fish farming, a founder stock with a low number of fish stocks, as well as the prolonged use of the same strain, can lead to an increase in the rate of inbreeding and consequently to the genetic degeneration of the population, which can profoundly affect fish farm yields [6,7,4]. Faced with this situation, Cameroonian producers have opted for the importation of the "improved" strains which are integrated into the production circuit. Despite these imports, the deterioration of the zootechnical performance of this species persists, leading to the low productivity of its farming.	Comment by dell: separate the words
With a view to seeking sustainable solutions to the various problems faced by fisheries resources, [8] and [4] recommended genetic improvement of the strain through the selection of the best traits for reproduction and growth. This improvement in production must be based on endogenous genetic resources and should start with a better knowledge of the strains and their zootechnical performance [8,9,10] through diversity studies. Genetic diversity is studied by comparing the performance of different populations/strains, natural or farmed [11,9]. This diversity can be a function of the socio-economic and biotechnical characteristics of the farms, which in turn will have an impact on the productivity and profitability of production. However, very few studies have been conducted on the state of the Clarias gariepinus strains used, the determinisms of their use and the desired traits in the bred strains. Hence this study aims to contribute to the improvement of knowledge on the biodiversity of aquaculture genetic resources in general and of Clarias gariepinus in particular with a view to their preservation and genetic improvement. Specifically, it was first a question of characterizing the strains used and the criteria of their choice, then of determining the sociodemographic characteristics of the breeders and finally of evaluating the reproductive performance and profitability of the farms of imported or local strains of Clarias gariepinus.	Comment by dell: 
2. Materials and methods
2.1.  Study area  
Cameroon extends between 2° and 13° North latitude and between 9° and 16° East longitude with an altitude that varies from 0 to 4095m. Its territory is subdivided into 5 agro-ecological zones (IRAD, 2000) including the monomodal forest zone and the Western highlands zone where the study was conducted. 	Comment by dell: comma before the words
2.2.  Study population and sampling strategy  	Comment by dell: ???
Data were obtained through personal interviews using a predefined questionnaire. The farms chosen were those with data recording registers, in particular on the origin of the strains used, the reproduction techniques (type of hormone used, water renewal rate, age of reproduction, quantity and neck of feed). To this end, a total of forty (40) farms (i.e. 12 farms in the Highlands Zone and 28 farms in the Monomodal Forest Zone) were sampled using the "snowball" method and surveyed. This method, although not very precise, is essential in a study where neither the exact number of farms nor their locations are known. 
2.3.  Data collection
The data was gathered via personal interviews from February 01 to June 20 2024, using a predesigned questionnaire. The survey questionnaires  included several modules such as: (1) socio-demographic characteristics of farmers (Aquaculture training, Method of acquisition, farm Area, Age range Experience); (2) Characteristics of Clarias gariepinus broodstock and reason for its utilization (growth, reproductive performance, immune resistance, no reason); (3) reproductive performance (weigh of broodstock, egg production, mortality at third day, number of emerged larvae ); (4) Production and marketing activities in aquaculture, including input acquisition and costs, product harvesting and sold (number of fingerlings produced, production cycle length selling price, quantity of hormone and feed used, cost and duration of infrastructure, cost of electricity, salary, number-cost and duration of breeders). The questionnaires were pre-tested in a sub-sample several (07) farms in the Littoral Region to ensure their relevance, clarity, coherence and avoid unnecessary repetition of the questions. Revisions were made when necessary. The geographic locations of each farm were determined using the Global Positioning System (GPS) application installed on a TECNO Camon 15 phone in order to identify the farms surveyed (Fig. 1).	Comment by dell: ?????	Comment by dell: ??????
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Fig. 1: Survey area

From this survey, several data were collected and some characteristics were calculated:	Comment by dell: Font size?????
· Egg Production Rate (EPR) : EPR =  
· Hatching Rate (HR) : HR =  
· Deformed Larvae Rate (DLR) : DLR =  
· Three-Day Survival Rate (3DSR) : 3DSR = 
· Average Daily Gain (ADG) : ADG = 
· Egg Production Per Gram of Female  (EPGF) : EPGF =   
· Cost Production per Fry (CPF) : CPF = 
· Production costs = broodstock costs + feed cost + infrastructure depreciation + hormone cost + Salary+ water management

· Fry yield/gram of female = 
· Daily fry production = 
· Profit/Fry = Price per fry (100FCFA) – CPF
· Profit/Day = Profit/Fry* Daily fry production
· Profitability Rate/fry = 

2.4.  Statistical analyses 
The data was saved and coded in an EXCEL sheet (Microsoft Office 2013) and then exported to the XLstat software for analysis. Descriptive analyses were used to characterize and evaluate the performance of Clarias gariepinus breeding in Cameroon. The socio-demographic characteristics of the farmers, the performance and the profitability of the farms according to the strains were compared using the Krustal-wallis and t-test respectively. The marging error considered was 5%.	Comment by dell: Comma before the word	Comment by dell: margin
3. Results
3.1.  Proportion of farms based on Clarias gariepinus raised strains
Fig. 2 shows the distribution of farms according to the strains used. It shows that only 13% of farms in Cameroon use imported strains from either Nigeria (9%) or Netherlands (4%) compared to 57% for local strains. In addition, 30% of producers do not control the origin of the broodstock used. The exchange of strains among fish farmers (87%) suggests a high risk of inbreeding of broodstock used in Cameroon.	Comment by dell: ?????	Comment by dell: ??????
 
Figure 2: Distribution of farms by strain raised
3.2.  Identification of broodstock problems observed by fish farmers in Cameroon
The main problems encountered by producers are illustrated in Fig. 3. It can be observed that 44% of farms have low egg production and 17% have deformed larvae and high larval mortalities. Larval deformities are manifestations of a high rate of inbreeding in a fish farm. 

Fig. 3: Zootechnical problems encountered by farms according to the strains raised
3.3. Desired traits sought by fish farmers in selecting imported and local strains 
The characteristics sought by producers of local and imported strains, that could constitute the selection objectives, are summarized in Fig. 4. As a result, local stain farms want strains that combine growth and resistance (34%) or that are purely resistant (30%), whereas the producer of imported strains prioritize a strain that combine both better growth and reproduction performance (40%)
 
Fig. 4: Characteristics sought by (a) Local and (b) Imported strain producers 
3.4.  Socio-demographic characteristics of livestock farms	Comment by dell: Gap b/n lines(subtitle and first line)
Table 1 presents the socio-demographic characteristics of the farms obtained according to the origin of the fish strains used. It appears that no sociodemographic characteristics varied significantly (p> 0.05) depending on the strain of Clarias used. However, for the mode of land acquisition, the average for farms using local strains is 3.16 with SE of 1.97, which shows great variability and for farms using imported strains the mean is zero with a standard error of zero, suggesting no variability. 
Table 1: Socio-demographic characteristics of farms by strain origin 
	                              Strains

	                                                                         Local                                 Imported 
	

	Variable
	Mean ± S.E                           Mean ±  S.E           
	  P-value

	Aquaculture training 
	1.00 ± 0.58a                         1.50 ± 0.50a             
	0.69

	Method of acquisition 
	3.10  ± 1.97a                         0.10 ± 0.05a                
	0.20

	Area 
	0.67 ± 0.19a                         0.50 ± 0.42a
	0.85

	Age range 
	1.00 ± 0.24a                         0.50 ± 0.51a
	0.58

	Experience
	1.44 ± 0.20a                          2.00 ± 0.43a
	0.09



a: Values with the same letter do not vary significantly.

3.5.  Zootechnical performance by strain 
[bookmark: _Toc171474214][bookmark: _Toc173856527]Variations in Egg Production, hatching, deformed larvae, survival at the third day Rates and average daily gain by strain are summarized in Table 2. From this table, it can be observed that, with the exception of the average daily gain, all the reproductive characteristics studied were significantly affected by the type of strain (p< 0.05). Thus, the imported strain has the highest significant values for hatching rates (76.66%) and survival at the third day, unlike the egg-laying rates (19.33%) and deformed larvae (2.66%) which were lower. In addition, the coefficient of variation (CV), regardless of the characteristic considered, are higher in the local strain, suggesting a possible genetic improvement through the implementation of a genetic selection project of the best individuals.
Table 2: Reproductive performance of imported and local strains
	Traits
	
	Stains
	
	P-value

	
	Imported
	CV (%)
	Local
	CV (%)
	

	Egg Production Rate
	16.01±3.01a
	18.80
	19.33±5.51b
	28.50
	0.037

	Hatching rate 
	76.66 ±5.78a
	07.54
	64.43±12.23b
	18.98
	0.021

	3 days survival rate	Comment by dell: 3-day
	83.66±9.33a
	11.15
	74.66±14.86b
	19.90
	0.039

	Deformed larvae rate
	02.33±0.29a
	12.44
	02.66±0.22b
	08.27
	0.012

	Average daily gain (g/d)
	0.15±0.02
	13.33
	0.12±0.07
	58.33
	0.117


a,b : values with the same letter do not vary significantly; d=day; g=gram	Comment by dell: ????

3.6. Productivity and production cost of a fry and profitability depending on the strain
            From Fig. 5 showing fry yield and daily productivity, the highest significant values (p< 0.05) were with the imported strain, i.e. 3.09 fry/gram of female and 468.34 respectively. Furthermore, the studied characteristics were more variable with the local strain. The great variability of these parameters would indicate a potential success of local strains in a genetic selection program.	Comment by dell: ????????????/
 
a,b : the set of charts with the same letter do not vary significantly; d=day; g=gram
Fig. 5: Fry production per gram of female broostock and per day considering different strains	Comment by dell: ??????????//
The production costs and profit per juvenile fish are illustrated in Fig. 6. It shows that the local strain has the lowest production costs (20.25 FCFA) for the fry (p < 0.05), resulting in the highest profits per fry (79.75 FCFA).  The low cost of fry from local breeders would be explained by the cost of breeders but the good productivity of females from imported strains justifies the rush towards importing broodstock.	Comment by dell: ????????????



[bookmark: _Toc171474216][bookmark: _Toc173856529]                                a,b : the set oh charts with the same letter do not vary significantly; d=day; g=gram; 1 US$ = 450FCFA  
Fig. 6: Production cost and profit per fry of different strains	Comment by dell: gap

Profitability rate per fry and profit per day considering different strains are summarized in fig. 7 It appears that the imported strain has the significant minimum (318.74%) and maximum (515.18%) values of the highest profitability rate per fry (p< 0.05). The profitability rate per fry and profit per day considering different strains. Regarding daily profit, the highest minimum values were obtained with the improved strains (20269.28 FCFA) compared to the farms using the local strain (1978.60 FCFA). Thus, the use of improved strains ensures a certain profitability, justifying their use. However, the highest values of profit rates per fry and profit per day observed with the local strains would indicate the profitability of their use if a genetic selection program is implemented.	Comment by dell: not shaded 


    
1 US$ = 557 FCFA  
Fig. 7: Profitability rate per fry and profit per day considering different strains
4. Discussion
the fish farming sector, which is likely to offset the production deficit, faces numerous limiting factors, including a lack of fry, the high cost and scarcity of manufactured feed, and difficulty accessing credit from commercial banks and microfinance institutions [12,13] and especially the lack of a genetic improvement program ensuring efficient aquaculture. A lot of work has been done on the nutrition and diet of Clarias gariepinus. However, there are very few studies concerning the genetic diversity of natural and livestock strains of this species in Cameroon. Thus, this research provided baseline mapping of populations for future genetic improvement project.  This study will therefore evaluate the economic viability of this species breeding using quantitative data on different strains. Moreover, this work has made it possible to see the impact of the breeder through the study of his sociodemographic characteristics and other (biotechnical) determinisms on the choice of breeded strains and the zoo technical characteristics and profitability of each strain used on-farm.	Comment by dell: ?????????//
The results obtained from the present work indicated that there are in the study areas 02 groups of strains of Clarias gariepinus used and the dominant one is the domestic local strain with a rate of 83.33%. This is explained by the fact that producers supply each other. Such a practice is likely to lead to the drop in performance that would be caused by the probable increase in inbreeding. In addition, the exchange of strains among fish farmers (87%) suggests a high risk of inbreeding of broodstock used in Cameroon increasing the risk of disease in Cameroonian fish farms.	Comment by dell: ?????????????/	Comment by dell: , increasing
fish farmers of local strains prefer strains that are both resistant and have significant growth. The search for a resistant strain would be justified by the high mortalities observed on the first three days and diseases. These diseases that lead to significant mortalities are generally attributable to inadequate disease risks management and biosecurity lapses but mainly due to the fish consanguinity, [14,15] (Racicot and Vaillancourt, 2009; Fonkwa et al., 2023). thus, [16] indicated, the consideration fish diseases and inbreeding is crucial for efficient, profitable and sustainable aquaculture practices. Additionally, the same authors recorded between April and May 2021, an epizootic of Yersiniosis in farmed Nile tilapia and common carp causing losses of US$420.50 in the Centre-Region of Cameroon. the implementation of a fish genetic improvement program could unlock the potential of fish farming in Cameroon and consequently reduce inbreeding among broodstock.	Comment by dell: Remove s	Comment by dell: Thus	Comment by dell: are	Comment by dell: , and	Comment by dell: 
This preference for resistant and high-growth strains by producers would indicate the selection objective desired by them in a genetic improvement program. In addition, the large variability observed could be exploited in a genetic selection project for Clarias gariepinus in Cameroon.
The socio-demographic characteristics of the farmers show that the majority of farms are managed by people with training in aquaculture. However, their presence does not significantly influence the choice of strain, similarly to the farms size, years of experience and age of the producer. This result is identical to that obtained by [1] in their study in Bangladesh using unimproved and improved (GIFT) farmed tilapia.
The hatching rate varies from 64.43% for the local strain to 76.66% for the imported strain. This study’s findings are in line with those of [17] suggesting the impact of genetic type on these characteristics. The low hatching rate in the local strain could be explained by poor aquaculture practices by farmers. However, this rate is higher than 46.19% obtained by [18] with the pure Nigerian local strain but less than 70.66% obtained in the station with the Cameroonian strain from the Mbo plain [19]. This suggests that our local strains, unlike the imported Nigerian strain, could present an opportunity to increase production because they would have a better genetic heritage.
The results obtained for the rate of deformed larvae vary from 2.33% for imported strains to 2.66% for local strains. This high rate of deformed larvae could be due to gene degeneration due to inbreeding following the circulation of broodstock between producers. However, these results are comparable to the one recorded by [20] with endogenous species Clarias jaensis which was 2.1%. As for survival rates, they vary from 74.66% for the local strain to 83.66% for the imported strain. These rates are lower than those obtained by [21] in 2016 (86.5%) and by [22] and [23] who obtained 86%. The production cost of the fry for the local strain is lower than that of the imported strains. However, the net benefit is higher for farms using imported strains and would be justified by the higher productivity per gram of female. This result corroborates the observations of [1] demonstrating that the growth and yield of improved strains are superior to those of unimproved strains. Thus, the profitability of improved strain rearing systems is more profitable than unimproved strain. A higher benefit/cost ratio can be interpreted to mean greater profitability of improved strains compared to unimproved strains in livestock systems [24]. Cost-effectiveness is an important prerequisite for scaling up aquaculture innovations [25,26]. The cost-effectiveness of improved strains compared to unimproved strains suggests that improved strains are an "inclusive" aquaculture practices, benefiting both smallholder’s and large-scale aquaculture. According to [27], many fish farmers in Nigeria are focusing on the production of catfish whose market value is about three times that of tilapia. Catfish are the fastest growing fish in captivity. It can thrive in a variety of conditions as it is hardy and can tolerate dense stands in accordance with [28]. The study highlights the importance of using high performance strain culture to bridge yield gaps and capitalize the potential benefits of the enhanced strain. However, the highest values of profit rates per fry and profit per day observed with the local strains would indicate the profitability of their use if a genetic selection program is implemented.	Comment by dell: ????????/	Comment by dell: 	Comment by dell: 	Comment by dell: 	Comment by dell: practice
5. [bookmark: _Toc173859914]Conclusion and Perspectives
In order to contribute to the improvement of aquaculture productivity and profitability, On-farm performance of Clarias gariepinus strains cutivated in Cameroon have been evaluated. At the end of this study, it emerged that 57% of producers use local strains, 13% for imported strains and 30% do not control the origin of the strain used. These strains are chosen either for their growth and immune resistance (producers of local strains) or for their growth only (fish farmers of imported strains). The socio-demographic characteristics of the producers did not significantly affect (p> 0.05) the choice of strain. With the exception of the survival rate to the third day, all reproductive performances varied significantly (p<0.05) depending on the strain with the highest values for the imported strains. In terms of productivity and cost of performance, the highest significant values were with the imported strain.	Comment by dell: 	Comment by dell: cultivated
Perspective 
To evaluate molecular characteristics and the zootechnical performance of imported, domestic and natural strains of Clarias gariepinus in the station with a view to considering a genetic improvement strategy.
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Fry yield/gram of female (Fry/g) 



fry/Day	a
b

377.99	205	377.99	205	Local	Imported	402.8	468.34	Strains


Daily fry production (Fry/day) 



Local	a
a

4.7777647762640933	6.7457986925196574	4.7777647762640933	6.7457986925196574	cost of Fry	Profit/fry	20.250454545454499	79.75	Imported	b
a

2.9600900887191486	4.1790010768125008	2.9600900887191486	4.1790010768125008	cost of Fry	Profit/fry	23.026666666666699	76.97	Strains


Cost and profit per fry (FCFA)




Min	Local	Imported	318.74	296.14999999999998	Max	Local	Imported	515.17999999999995	383.51	Strains


Profitability Rate/fry (%) 




Min	Local	Imported	1978.6	20269.28	Max	Local	Imported	62268	51826.98	Strains


Profit/day in FCFA
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