



Original Research Article
Effect of mechanical water filtration techniques on the epidemiological and zootechnical characteristics of Clarias gariepinus (Burchell, 1822) farming
ABSTRACT
Background: Mechanical filtration of aquaculture water is an alternative to chemical products used to combat fish infections. Aim: This study aimed to evaluate the effect of mechanical water filtration techniques on the epidemiological and zootechnical characteristics (EZC) of Clarias gariepinus. Methodology: A total of 240 specimens, free of any ailments and with an average weight of 10±03g, were distributed in triplicate among four treatments: T1 (no filtration system), T2 (1 layer of net), T3 (2 layers of net), and T4 (1 layer of net + 1 layer of gravel + 1 layer of sand), with 20 fish per experimental unit. Fish were reared for 105 days. Results: The EZC evaluation showed two clinical signs (trauma and inflammation). Overall, skin trauma was approximately 107 times more significantly represented than opercular trauma. The proportion of fish showing at least one ailment was very low (<10%) and varied non-significantly from 2.59% (T4) to 9.66% (T1). The condition factor was < 1 and was comparable (p > 0.05) between treatments. The mortality rate was high (> 5%) and more pronounced in the absence of a water filtration system. The average daily weight gain (1.560±0.468 g/day) and productivity (3.468±2.041 kg/m³/day) were comparable (p > 0.05) but higher in T1, while the production cost per kilogram of fish (0.37$/kg) was lower in T2 (p = 0.107). Conclusion: The EZC varied with the mechanical water filtration techniques but no significant difference was observed.
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1. INTRODUCTION 

In Cameroon, the annual demand for table fish is nearly 500,000 tons, while national supply is estimated at only 335,000 tons, with less than 5% coming from fish farming. These figures contrast with the real aquaculture potential of the country, which boasts favorable climate conditions, a dense hydrographic network covering around 300,000 km², a rich ichthyological biodiversity, and the availability of agricultural and agro-industrial by-products for fish feed [1]. Indeed, despite these natural advantages, Fonkwa et al. [2,3] report that aquaculture faces obstacles such as diseases, and recommend addressing these for a healthy, sustainable and effective fish farming industry. These diseases are generally the result of poor biosecurity or hygiene practices by fish farmers [3,4].


 Biosecurity is an integrated strategic approach that encompasses policy frameworks and regulatory frameworks, including tools and activities, to analyze and manage risks to the lives and health of people, animals, and plants, as well as associated environmental risks [5]. Aquaculture biosecurity is therefore the set of physical and management measures that, when used together, prevent, reduce, and cumulatively stop the risk of infection in aquatic animal populations in aquaculture facilities. Among the biosecurity measures recommended by Arthur et al. [6] is the mechanical filtration of aquaculture water. However, the epidemiological and zootechnical effectiveness and relevance of this biosecurity measure have not yet been documented for Clarias gariepinus, a fish species highly valued in aquaculture for its adaptability and rapid growth [7]. Mechanical water filtration is an alternative to chemical products used for water sterilization. It is effective in removing solid particles and smaller particles such as bacteria and viruses, provided an appropriately sized filter is used [8]. It is also easy to implement and less costly than other water treatment methods, such as ultraviolet light. Moreover, like other biosecurity measures, the contribution of various mechanical water filtration techniques to reducing disease transmission in fish farms has not yet been assessed. However, the effectiveness of mechanical water filtration on the parasitism of Oreochromis niloticus by Argulus sp. in concrete tanks has been proven in Côte d'Ivoire [8]. This study aims to evaluate the effect of mechanical water filtration techniques on the epidemiological characteristics (prevalence of clinical signs of diseases or affections, condition factor k, mortality rate) and zootechnical characteristics (average daily gain, productivity, production cost per kilogram of fish) in Clarias gariepinus fingerlings.
2. MATERIALS AND METHODS

2.1 Geo-climatic characteristics of the study area
The study was conducted at the Aquaculture and Fisheries Resource Demography 
Laboratory of the Institute of Fisheries Sciences at the University of Douala in Yabassi (4° 
27’16" - 4°40'10" N; 9° 57' 56"-10°10’45" E). The climate is subequatorial with a tropical 
trend. The soils are predominantly sandy and ferralitic, and erosion frequently degrades the 
physico-chemical quality of the aquaculture waters [9].
2.2 Animal material, aquaculture structures and experimental design
A total of 400 Clarias gariepinus fingerlings with an average weight of 10±0.3g were

transferred to a 40 l tank and treated according to the protocol used by Kone et al. [10]. To eliminate potential parasites and bacteria, the fish were first disinfected in a salt solution (antiparasitic) and synthetic antibiotic Oxytetracycline (OTC) at concentrations of 9g/l and 250 mg/l, respectively, for 1 hour. The OTC tablets were crushed into powder before being dissolved in water. The fish were then acclimatized for 15 hours in the experimental tanks. Of

the disinfected fingerlings, 240 showing no signs of behavioral, physiological, or  morphological disease were selected for the trial. They were evenly distributed (20 fish / tank)

in 12 tanks, each with a capacity of 30 l, set up in parallel and fed with groundwater from a reserve pond. Four (4) mechanical water filtration systems, representing the 4 treatments, were installed through modifications to standard water filtration devices or water supply protection systems (Table 1) and randomly arranged. The mechanical filters were made from recycled materials. The polyethylene netting sheets with a 0.5mm mesh size were purchased from a local market, disinfected with chlorine, and dried at room temperature. The wooden boxes were made from scrap slats found at a local carpentry shop. Gravel and fine sand were

collected from the banks of the Nkam River and boiled for sterilization. The mesh size of the

nets was selected based on the work of Kone [8], particularly considering the nature of the

particles to be filtered, the filtration speed, and duration. The fish were fed to satiety three times a day, with a fish biomass of 8%, using imported “Le Gouessant” brand feed. The water's pH and temperature were measured morning and evening with an ATC brand pH meter and a FLUVAL brand thermometer, respectively.

Table 1: Characteristics of the treatments used during the experiment
	Treatments
	Characteristics of water filtration devices

	
	Water supply pipe protection 
	Type of filter 
	Mesh, gravel, and fine sand diameter (mm)

	T1 (control)
	No
	-
	-

	T2
	Yes
	One layer of net
	0,5

	T3
	Yes
	Two layers of net
	0,5 each

	T4
	No
	Wooden box composed of:

-One layer of net

-Gravel layer (1 cm)

-Fine sand layer (1 cm) 
	0,5

0,9 - 1,5

0,1 - 0,2


2.3 Determination of epidemiological and zootechnical characteristics
During the experiment, the fingerlings were calibrated at regular intervals of 21 days, with 100% of the fish from each treatment group being collected using a net. Before each calibration session, the fish’s behaviour was carefully observed to identify any potential behavioural abnormalities (such as abnormal swimming or anorexia). The fish in each treatment group were counted, their standard and total lengths measured using an ichthyometer, and their total weight determined to the nearest gram using a Kitchen Scale sensitive balance. Additionally, each fish specimen was first examined with the naked eye, then with a 10x magnification hand lens to diagnose any clinical signs of illness (e.g., dropsy, hemorrhage, necrosis, pale gills, or scale hypertrophy). In this study, pathology was defined as any abnormality or condition observed in the fish. Affected fish were coded as 1, and unaffected fish as 0. The epidemiological and zootechnical characteristics studied were defined as follows:
-Prevalence of clinical signs of pathology or abnormalities (Pr): The percentage of fish showing clinical signs of pathology relative to the total number of fish examined. Prevalence was classified as very low (Pr < 10%), low (10% ≤ Pr ≤ 50%), or high (Pr > 50%) [11]. The Prevalence of clinical signs of pathology was evaluated instead of the commonly assessed prevalence of infection/disease because the cause (pathogen) of the abnormalities was not clearly identified. Moreover, ethological, anatomical, and physiological signs are the early indicators observed by fish farmers, alerting them to fish health issues.
-Condition factor (K): The ratio of the fish’s total weight to its total length cubed.
- Mortality rate (TM): The percentage of fish that died during a given period relative to the initial total number of fish. Mortality rate was classified as very low (0 ≤ TM ≤ 2%), low (2% < TM ≤ 5%), or high (TM > 5%).
- Average daily weight gain: The difference between the final average weight and the initial average weight over a given time period.
- Productivity: The mass of fish produced divided by the volume of the infrastructure used and the production period.
- Biosecurity cost of producing 1 kg of fish: The ratio of the cost of manufacturing a mechanical water filter to the total weight gain.
2.4 Statistical analysis 

Data were entered in an Excel spreadsheet (Microsoft Office 2016) and then exported to GraphPad version 8.0 for analysis. Epidemiological and zootechnical characteristics were subjected to descriptive statistics and expressed as mean ± standard deviation. One-way analysis of variance (F) was used to test the effect of mechanical water filtration techniques on the epidemiological and zootechnical characteristics. When a significant difference was found (p < 0.05), the means were compared using Tukey’s multiple comparison test (q).

3. RESULTS

3.1 Effect of mechanical water filtration techniques on epidemiological characteristics

· Effect of mechanical water filtration techniques on the prevalence of clinical signs of disease
The effect of mechanical water filtration techniques on the prevalence of clinical signs of pathology is illustrated in Figure 1. A total of two clinical signs (trauma and inflammation) were observed in the fish, both anatomical. The affected organs included the skin, opercula, and fins. Regardless of the filtration technique, prevalence was either very low or low. Skin trauma was significantly more frequent (F = 11.50, p = 0.001), about 107 times higher, than opercular trauma. Skin trauma and fin inflammation were common across treatments, while opercular trauma was specific to T2. In all treatments, the proportion of fish showing at least one pathology was very low (<10%) and varied non-significantly (F = 0.38; p = 0.77) from 2.59% (T4) to 9.66% (T1). The prevalence of skin trauma was the highest in all treatments and varied significantly (F = 4.48; p = 0.03) from 7.45% (T4) to 31.52% (T1)
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Figure 1: Effect of mechanical water filtration techniques on the prevalence of clinical signs of pathology
· Effect of mechanical water filtration techniques on the condition factor and mortality rate of Clarias gariepinus fingerlings
The condition factor varied (k < 1) non-significantly (F = 1.98; p = 0.158) among the filtration techniques (Figure 2A). The mortality rate was high and further pronounced (F = 0.11; p = 0.95) in the absence of the water filtration device (T1) (Figure 2B).
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Figure 2: Effect of mechanical water filtration techniques on the condition factor (A) and the mortality rate (B) of Clarias gariepinus fingerlings.
3.2 Effect of mechanical water filtration techniques on zootechnical characteristics
The effect of mechanical water filtration techniques on the zootechnical characteristics of Clarias gariepinus fingerlings is summarized in Table 2. It appears that none of the studied characteristics varied significantly based on the mechanical water filtration techniques (p > 0.05). However, the values for average daily gain and productivity were higher in T1. The biosecurity cost of producing 1 kg of fish was less expensive in T2 (p = 0.107).

Table 2: Effect of mechanical water filtration techniques on the zootechnical characteristics of farmed Clarias gariepinus fingerlings.
	Zootechnical characteristics)
	Mechanical water filtration techniques (Treatments
	F
	p

	
	T1
	T2
	T3
	T4
	
	

	DAWG (g/day)
	1.560a±0.468
	1.480a±0.485
	1.514a±0.552
	1.468a±0.472
	0.035
	0.991

	Productivity Kg/m3/day)
	3.468a±2.041
	3.252a±2.064
	3.102a±1.865
	3.438a±2.172
	0.03
	0.990

	CBP  ($/kg)
	-
	0.37a±0.30
	1.11a±0.88
	1.97a±1.63
	2.69
	0.107


DAWG : daily average weight gain ; CBP: Biosecurity cost of producing 1 kg of fish; (a, b): on the same line, values with the same letter do not differ significantly (p > 0.05); F: Value of the ANOVA test; p: probability of error.
4. DISCUSSION
The results of this study showed the presence of two anatomical signs. Some conditions requiring in-depth diagnostic methods may have occurred, such as hematological (eosinophilia, neutrophilia, serum protein abnormalities, amongst others), biochemical, and physiological disorders. The skin, fins, and opercula were the most affected, probably because they were in immediate contact with the rearing water, which could harbour pathogens. It would be wise to further this study using advanced diagnostic tools to determine the exact ethology of the abnormalities. Regardless of the mechanical water filtration techniques used, skin trauma was significantly more prevalent than opercula trauma, likely because the skin is more fragile than the operculum. Under the same experimental conditions, the signs described in this study have not yet been reported in the literature regarding mechanical water filtration. Comparing the occurrence of clinical signs, it appears that skin trauma and fin inflammation were common among the filtration techniques. This observation may be due to the fact that all treatments shared the same water. The specificity of opercular trauma to T2 remains to be elucidated. Regardless of the mechanical water filtration technique used, the proportion of fish exhibiting at least one pathology was very low. This could be because the physicochemical properties of the rearing water do not promote the development and proliferation of virulent pathogens that could induce diseases in fish. However, no similar or contradictory observations can be referenced, as no author has yet determined the prevalence of clinical signs concerning the effects of mechanical water filtration techniques.

Regarding the effect of mechanical water filtration techniques on the condition factor (k) and mortality rate of Clarias gariepinus fingerlings, it was evident that the fish did not fare well overall (k < 1). In other words, none of the filtration techniques used in this study resulted in good weight gain for the fish. This could be justified by the presence of pathogens in the rearing water that contributed to the clinical signs negatively affecting the health of the fish. This study highlights the ineffectiveness of mechanical filtration techniques against biological agents, underscoring the necessity of combining them with other methods. According to Scott and Mathieu [12], k varies based on the age of the fish, sex, season, stage of reproductive organ development, diet, the amount of food in the intestine, lipid reserves, and the degree of muscle development. Since the rearing practices were the same for all treatments, the only plausible factor that could explain the comparability of k values among the filtration techniques is the sex of the fingerlings, which was not determined at the time of stocking. The values of k < 1 were comparable to those obtained by Fagbenro and Adebayo [13] and Diop et al. [14], as they also worked on the same species (Clarias gariepinus).

As for the mortality rate, it was highest in T1 (without a water filtration device). This observation is likely due to the higher prevalence of conditions in T1. Furthermore, T1 recorded the lowest k value. If k < 1, fish are vulnerable to pathologies that lead to mortality [15]. The differences in k observed among treatments may be attributed to the various filtration techniques. These mortality rate values were significantly lower than those obtained by Guyomard et al. [16] because those authors studied different fish species, each with more or less resilient immune systems compared to others.

Regarding the effect of mechanical water filtration techniques on zootechnical characteristics, the average daily gain ranged from 1.468 g/day (T4) to 1.560 g/day (T1). These values differ from the 4.6 g/day predicted by the technical feeding sheet for the "Gouessant" feed and the 4.45 g/day found by Yildiz et al. [17]. This growth delay may be due to pathologies. However, these values (1.468-1.560 g/day) are closer to the 1.98 g/day obtained by Udo and Ekpri [18] because they studied the same developmental stage. The higher average daily gain in T1 remains to be elucidated.

In terms of productivity, it was comparable among the mechanical water filtration techniques. These values were lower than those found by Fonkwa et al. [19]. This difference could be attributed to the fact that the studies were conducted in different geographical areas, with different fish species, developmental stages, and rearing conditions.

Regarding the biosecurity cost of producing 1 kg of fish, it was less expensive in T2 (one sheet of mesh) due to the lower manufacturing cost of the filter. It was approximately 1.76 times less expensive in T3 (two sheets of mesh) compared to T4 because the manufacturing prices of the various mechanical filters varied according to the filtration techniques. The technique of filtration with one sheet of mesh, being less costly, is recommended for fish farmers to optimize their production in a healthy, efficient, and sustainable manner.
5. CONCLUSION
The epidemiological and zootechnical characteristics studied were not significantly influenced by the mechanical water filtration techniques. The proportion of fish exhibiting at least one condition was very low and the condition factor was low. The mortality rate was high and more pronounced in the absence of a water filtration device. The average daily weight gain and productivity were higher without a filtration device, while the production cost of 1 kg of fish was less expensive with a single layer of mesh of 0.5 mm in diameter.
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