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ABSTRACT

Due to its valuable biological and zootechnical traits, the African catfish Clarias anguillaris is among the key species used in aquaculture to address growing challenges related to food security and economic development. However, its production is increasingly threatened by parasitic infestations, notably by nematodes, in the heavily degraded Bandama River at N’Denou. Despite this, no prior parasitological assessment has been conducted in this area. The present study aimsed to (i) assess seasonal variations in key physicochemical water parameters, (ii) identify nematode attachment sites in C. anguillaris, and (iii) analyze infestation patterns according to season and host sex. Specimens (n= 372) were collected between April 2024 and March 2025. In-situ measurements of dissolved oxygen, total dissolved solids (TDS), and electrical conductivity were performed using a multi-parameter probe. Water samples were collected for laboratory analysis using a HACH spectrophotometer of ammonium, orthophosphate, nitrate, and nitrite concentrations using a HACH spectrophotometer. Nematode detection, identification, and quantification were carried out using standard parasitological techniques. Statistical analyses were applied to characterize seasonal variations in water quality and to evaluate parasitic infection rates in fish. The results revealed low dissolved oxygen concentrations during the dry season (2.7 mg/L), whereas the highest TDS (55.38 mg/L) and conductivity (77.16 µS/cm) were recorded in the rainy season. Peak concentrations of ammonium (0.11 mg/L), nitrate (1.7 mg/L), and nitrite (0.019 mg/L) occurred during the dry season, while orthophosphate (1.5 mg/L) levels were higher during the rainy season. Regarding parasitic localization, Procamallanus laeviconchus was predominantly found in the stomach (30%) and intestine (23%), while Contracaecum sp. was more frequently observed in the body cavity (12%) and intestine (4%). The highest prevalence of P. laeviconchus (76.67%) and Contracaecum sp. (20%) was recorded during the dry season. Males were more frequently infected by P. laeviconchus (64%), whereas females showed a slightly higher infestation by Contracaecum sp. (17.55%). These findings highlighted the influence of seasonal water quality changes on nematode infestations, identify specific parasite attachment sites, determine periods of peak infestation, and revealed host vulnerability patterns. This study provides essential baseline data to guide decision-makers in developing targeted control strategies for parasitic infections in C. anguillaris and addressing potential zoonotic risks.	Comment by Auteur: anthropogenic	Comment by Auteur: State the frequency of sampling
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1. INTRODUCTION
Fish represents an essential source of animal protein, accounting for nearly half of the global animal protein intake (Béné et al., 2016). Among the most sought-after species is Clarias anguillaris, commonly known as the African catfish. This freshwater fish is highly valued for its rapid growth, flesh quality, high nutritional value, and remarkable tolerance to adverse environmental conditions (El-Naggar et al., 2006). These characteristics make it a preferred species in aquaculture, contributing significantly to food security, poverty reduction, and job creation in many sub-Saharan countries (Offem, 2010). Despite its economic and nutritional importance, Clarias anguillaris faces several biological constraints, particularly parasitic infestations that can impair its health, growth, and aquaculture performance. Notably, the nematodes Procamallanus laeviconchus, a frequent intestinal parasite in African freshwater fishes (Sinaré et al., 2021), and Contracaecum sp., whose larvae are known to encyst in visceral tissues (Tombi and Bilong Bilong, 2004), posinge significant health threats to both wild fish populations and consumers. P. laeviconchus can cause lesions to the digestive mucosa, thereby altering nutrient absorption and the overall body condition of infected fish, while Contracaecum sp. larvae can induce inflammatory responses, granulomas, or even organ perforations (Ekanem et al., 2011). Furthermore, parasitic infections can be devastating in both aquaculture systems and natural populations due to stress factors such as poor feeding and frequent deterioration of water quality (Bondad-Reantaso et al., 2005). These infections may also greatly increase the risk of secondary diseases, including fungal, bacterial, and viral infections, leading to fish rejection upon capture (Costello, 2009). In humans, the accidental ingestion of Contracaecum larvae can result in serious digestive or tissue disorders (Torres et al., 2000). These parasitic pressures are often exacerbated by environmental degradation (Blanar et al., 2009). Like all other fish species, Clarias anguillaris a species with high aquaculture potential, is susceptible to parasitic nematodes in its increasingly degraded natural habitats. In this context, it is crucial to conduct parasitological surveys in natural environments to provide a reliable baseline for developing control strategies aimed at improving fish productivity. The only known studies on nematode infestation in this species are those by Sinaré et al. (2021), conducted in the freshwater systems of Burkina Faso. In Côte d’Ivoire, no investigation has yet been carried out on the nematode species Procamallanus laeviconchus and Contracaecum sp. iInfecting Clarias anguillaris in the wild.  Bandama River at N’Denou. This species, which holds considerable economic importance for the local community, inhabits a zone heavily impacted by various forms of pollution, including illegal artisanal gold mining and agricultural runoff. These anthropogenic activities degrade water quality and promote the spread of parasitic pathogens, posing serious risks to aquatic life, particularly fish. This study therefore aimed to characterize the seasonal dynamics of the physico-chemical parameters of the Bandama River at N’Denou ; identify the attachment sites of nematode parasites infecting Clarias anguillaris and analyze parasitic infestation patterns according to season and fish sex.	Comment by Auteur: Justify why the study was carried out in this river

2. MATERIAL AND METHODS
2.1 Study area
The Bandama River, the longest river in Côte d’Ivoire, flows over 1050 km from the northern border with Burkina Faso to the Atlantic Ocean at Grand-Lahou (Girard et al., 1971 ; Koné, 2002). Its 97000 km² watershed spans diverse climatic zones and and follows a seasonal hydrological regime consisting of a short rainy season (septemberSeptember to October), a long rainy season (Mmarch to Jjune), a short dry season (julyJuly to Aaugust), and a long dry season (novemberNovember to februaryFebruary) (Brou, 2005). Thise river plays an important role in agriculture and hydroelectric power, particularly through the presence of the Taabo dam, which contributes to the country’s energy production.
This study was conducted in N’Denou (Figure 1), a site located in the southern Bandama, upstream of the Singrobo-Ahouaty Dam (6°10’N–6°15’N ; 5°00’W –5°4’W) Figure1. The area is characterized by extensive aquatic vegetation, with Eichhornia crassipes covering over 10% of the surface, and a forest cover of approximately 5%. The mean depth is 7 meters, and the substrate consists mainly of sand, with zones of rock, silt and clay. Surrounding land use includes food crops such as maïze, eggplant, then oil palm and cocoa plantations. Anthropogenic pressures such as artisanal gold mining, laundry, and domestic waste discharge contribute to environmental degradation, potentially affecting water quality and aquatic life.
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2.2 Measurement of physico-chemical parameters
A handheld multiparameter device, the (HANNA HI 9828010-02) equipped with GPS functionality, was used to measure dissolved oxygen, total dissolved solids (mg/L), and conductivity (μS/cm). The integrated Global Positioning System (GPS) precisely determined the geographic coordinates of the sampling station. Following calibration, the multiparameter probes were immersed in the upper 30 centimeters of the water column, and readings were recorded after stabilization of the displayed values. Ionic compounds, including nitrites (NO₂⁻), nitrates (NO₃⁻), ammonium (NH₄⁺), and orthophosphates (PO₄³⁻) were quantified in the laboratory using a HACH DR 6000 multiparameter spectrophotometer.	Comment by Auteur: In Mg/L or % saturation ?	Comment by Auteur: What were the sampling stations, and their descriptions	Comment by Auteur: Name of Lab
2.3 Host fish sampling
Sampling was conducted from April 2024 to March 2025. Specimens of Clarias anguillaris (n= 372) were collected through experimental and artisanal fishing using gill nets and other capture gear. Fish identification was performed using the keys from Paugy et al. (2003). After dissection, the sex was determined by observing the gonads.	Comment by Auteur: Frequency of sampling ?
2.4 Study of parasitic nematodes
Before field identification, fish were stored on ice in coolers and transported to the laboratory. Parasites were collected post-mortem by rinsing the stomach, intestine, and general body cavity with distilled water and examined under a stereomicroscope. Fresh specimens were then mounted between slide and cover slip for microscopic observation. Nematode identification was based on taxonomic references by Yamaguti (1961) ; Kabré (1997) and Gibbons (2010). Specimens were subsequently preserved in 70% ethanol.	Comment by Auteur: Name of Lab	Comment by Auteur: Brand	Comment by Auteur: Keys or guides
2.5 Epidemiological roach
The prevalence index was calculated according to Bush et al. (1997), defined as the percentage of hosts infected by a given parasite species relative to the total number of fish examined. Parasite species status was classified following Valtonen et al. (1997) as frequent or dominant (prevalence > 50%), secondary or intermediate (10% ≤ prevalence ≤ 50%), and rare or satellite (prevalence < 10%).
2.6 Statistical analyses
Two statistical tests were employed using STATISTICA 7.1 software : the Chi-square test (χ²) and the Mann-Whitney U test. The Chi-square test assessed variability in parasite infestation rates according to season, parasite attachment sites, and host sex. The Mann-Whitney U test evaluated seasonal variability in physico-chemical parameters. Differences were considered statistically significant at a 5% threshold.

3. RESULTS
3.1 Temporal variation of physico-chemical parameters	Comment by Auteur: Insert table or figure to illustrate the data obtained
Seven physico-chemical parameters were measured in the Bandama River : dissolved oxygen, total dissolved solids (TDS), conductivity, nitrite, nitrate, ammonium, and orthophosphate. For each parameter, minimum, maximum, and mean values with standard deviations were recorded according to the season. Dissolved oxygen levels reached a maximum of 8.9 mg/L and a minimum of 7.6 mg/L during the rainy season, with an average of 8.51 ± 0.9 mg/L. In contrast, values during the dry season ranged from 2.1 to 3.5 mg/L, with a mean of 2.7 ± 1.7 mg/L. Statistical analysis (Mann-Whitney U test) revealed a significant seasonal difference in dissolved oxygen concentrations (p < 0.05), indicating higher oxygenation during the rainy season. Conductivity values ranged between 63.5 and 84.2 µS/cm in the rainy season, averaging 77.16 ± 0.2 µS/cm. During the dry season, conductivity increased significantly, ranging from 110 to 134.5 µS/cm, with a mean of 123 ± 1.5 µS/cm. This difference was statistically significant (p < 0.05), reflecting higher mineral content in the river water during the dry season. Total dissolved solids (TDS) varied between 50.2 and 61.4 mg/L (mean 55.38 ± 1.8 mg/L) in the rainy season, whereas during the dry season, values ranged from 61.7 to 85.6 mg/L, with an average of 72.8 ± 0.4 mg/L. The seasonal variation in TDS was significant (p < 0.05), indicating better chemical water quality with respect to dissolved salts during the rainy season. Nitrite concentrations ranged from 0.004 to 0.022 mg/L with a mean of 0.017 ± 0.001 mg/L in the rainy season, and from 0.009 to 0.025 mg/L with a mean of 0.019 ± 0.001 mg/L in the dry season. No significant seasonal variation was observed for nitrites (p > 0.05). Nitrate levels fluctuated between 0.3 and 1.7 mg/L (mean 1.4 ± 0.01 mg/L) in the rainy season and between 0.6 and 1.9 mg/L (mean 1.7 ± 0.004 mg/L) in the dry season, with no significant difference between seasons (p > 0.05). Ammonium concentrations ranged from 0.001 to 1.2 mg/L (mean 0.008 ± 0.02 mg/L) during the rainy season and from 0.002 to 1.4 mg/L (mean 0.11 ± 0.1 mg/L) in the dry season. A significant seasonal variation was observed for ammonium (p < 0.05). Orthophosphate concentrations were between 0.015 and 1.8 mg/L (mean 1.5 ± 0.005 mg/L) in the rainy season and ranged from 0.014 to 1.1 mg/L (mean 0.19 ± 0.3 mg/L) in the dry season. However, this difference was not statistically significant (p > 0.05).	Comment by Auteur: P value
3.2 Prevalence of Procamallanus laeviconchus and Contracaecum sp. according to attachment sites (organs) in the catfish Clarias anguillaris
The prevalence of nematode parasites across different attachment sites in Clarias anguillaris is illustrated in Figure 2. Analysis of this figure revealed that Procamallanus laeviconchus exhibiteds the highest prevalence in the stomach (30%) (p < 0.05) , followed by the intestine (23%) and the general body cavity (9.13%). A Chi-square test indicated significant differences in the infestation rates of P. laeviconchus among the various organs (p < 0.05), confirming that the stomach is the primary site of parasitism in this host species. Regarding Contracaecum sp., the highest prevalence was recorded in the general body cavity (12%) (p < 0.05), followed by the stomach (4%) and intestine (2.15%). Chi-square test also demonstrated a significantly distribution of Contracaecum sp. among the organs of C. anguillaris (p < 0.05), with the general body cavity identified as the predominant site of infestation.	Comment by Auteur: Repetition
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3.3 Prevalence of Procamallanus laeviconchus and Contracaecum sp. infesting the Catfish Clarias anguillaris according to seasonal variation
The overall prevalence rates observed were 41.13% for the nematode Procamallanus laeviconchus and 11.83% for Contracaecum sp. These parasites are considered intermediate or secondary species within the parasitic xenocommunity. Their prevalences fluctuated during the year
Temporal variations in the prevalence of Procamallanus laeviconchus and Contracaecum sp. infesting the catfish Clarias anguillaris in the Bandama River at the N’Denou station are illustrated in Figure 3. Analysis revealed that the highest infestation rates for P. laeviconchus (76.67%) and Contracaecum sp. (20%) were recorded in December 2024 and January 2025, respectively, corresponding to the major dry season. Conversely, the lowest prevalence for P. laeviconchus (20%) was observed in September 2024 during the short rainy season, while Contracaecum sp. exhibited its lowest prevalence (3.12%) in April 2024, coinciding with the long rainy season. Statistical analysis using the Chi-square test confirmed that the differences in infestation rates of both nematode species between the rainy and dry seasons are significant (p < 0.05). These results indicated that Clarias anguillaris experiences significantly higher infestation by Procamallanus laeviconchus and Contracaecum sp. during the dry season compared to the rainy season.
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3.4 Prevalence of Procamallanus laeviconchus and Contracaecum sp. nematode parasites according to the sex of the catfish Clarias anguillaris
The infestation rates of Procamallanus laeviconchus and Contracaecum sp. in relation to the sex of Clarias anguillaris are presented in Figure 4. The analysis showed that a total of 372 specimens were examined, comprising 184 males and 188 females. Among the males, 64% were infested with P. laeviconchus and 3.26% with Contracaecum sp. In females, infestation rates were 18.6% for P. laeviconchus and 17.55% for Contracaecum sp. Chi-square tests revealed that these differences in prevalence between male and female Clarias anguillaris are statistically significant (p < 0.05). Males were significantly more infested by Procamallanus laeviconchus compared to females, whereas females hosted Contracaecum sp. at higher rates than males.
 [image: ]	Comment by Auteur: Remove nematodes parasites from title of figure 4
4. DISCUSSION
The study revealed that dissolved oxygen levels in the Bandama River are significantly higher during the rainy season compared to the dry season. This increase is likely due to water temperatures during rainfall, which enhance oxygen solubility, coupled with higher river flow rates promoting greater mixing and atmospheric oxygen incorporation (Makhoukh et al., 2011). Additionally, well-oxygenated runoff and tributary inputs contribute to enriching the river, as reported by Soro et al. (2021). Conversely, the dry season is characterized by a significant drop in dissolved oxygen, attributable to reduced flow and the decomposition of organic matter, which consumes oxygen (Kouadio, 2020). The intensification of illegal gold mining in the basin exacerbates this situation by releasing sediments, mud, mercury, and hydrocarbons, which, through degradation, increased the biochemical oxygen demand an impact also highlighted by Adou et al. (2024). Electrical conductivity and dissolved solids were found to be higher in the dry season, likely due to evaporation and substrate effects concentrating ions amid reduced water input (Welcomme, 1985). Anthropogenic activities further contribute to mineralization, with ionic inputs and decreased dilution during low flow periods (Ouattara et al., 2024). These findings align with Aliko et al. (2010). During the rainy season, conductivity and dissolved solids decreased, likely from substantial freshwater input diluting ion concentrations (Adou et al., 2024), consistent with observations by Gboko et al. (2022). Nitrite concentrations were slightly elevated in the dry season, probably due to the decomposition of organic matter such as dead wood, which consumeds oxygen and inhibitings nitrification, causing nitrite accumulation (Delgado et al., 2007). Conversely, higher flow rates during the rainy season promoted water renewal, reducing localized nitrite build-up. Nitrate levels were also higher in the dry season, likely because slower flow prolongeds nitrate residence time, limiting dispersion (Zhao et al., 2024). Elevated temperatures enhanced organic matter mineralization, releasing nitrates into surface waters despite reduced runoff (Thangarajan et al., 2013), consistent with findings by Nwankwoala et al. (2009). Dilution during the rainy season and reduced fertilizer use mitigated nitrate concentrations. Ammonium concentrations peaked in the dry season, possibly due to chemical contamination from artisanal gold mining, which disrupedts nitrogen-cycling microbial communities and increaseds ammonium accumulation. Domestic organic waste also contributeds by releasing nitrogen in ammonium form during decomposition (Kouassi et al., 2019). Lower ammonium levels in the rainy season may reflect increased uptake by aquatic vegetation using ammonium for protein and nucleic acid synthesis (Yao et al., 2015), as noted by Soro et al. (2021). Orthophosphate concentrations were higher in the rainy season, likely from runoff transporting phosphate fertilizers, organic waste, animal excreta, and decomposing vegetation, which areimportant phosphorus sources. Soil erosion exacerbated by heavy rainfall and deforestation may increase nutrient-rich particulate inputs (Berté, 2009). Reduced river flow and absence of runoff in the dry season limited phosphate transport, consistent with Kouadio et al. (2020). 
This study demonstrated a marked organotropism of nematode parasites in Clarias anguillaris, with Procamallanus laeviconchus predominantly inhabiting the stomach and Contracaecum sp. favoring the general body cavity. This non-random distribution likely reflects the physiological and nutritional suitability of these organs for the parasites. The stomach, richly vascularized, provides an optimal habitat for the hematophagous P. laeviconchus, facilitating blood feeding and stable residence in the acidic environment (Sorour and Hamouda, 2019). This may also reduce interspecific competition by avoiding intestinal segments commonly occupied by other nematodes (Tess and Ralf, 2021). The heavy infestation of the general body cavity by Contracaecum sp. can be attributed to the stable, well-vascularized, and relatively protected environment it offers, serving as a secure refuge while awaiting transmission to the definitive host, usually a piscivorous bird (Barson, 2004). This strategy appears especially effective in Clarias anguillaris, an omnivorous and benthic species frequently exposed to Contracaecum intermediate hosts, a pattern also observed by Madanire-Moyo (2010) in Clarias gariepinus. 
Higher infestations by P. laeviconchus and Contracaecum sp. were observed during the dry season, likely due to ecological and behavioral factors. Indeed, during this period, lower water levels concentrate fish and intermediate hosts in smaller areas, increasing infection risk. Degraded water quality (lower oxygen, organic waste accumulation) weakens fish immune systems, heightening susceptibility (Fuentes Lopez et al., 2025). Another reason is the fact that the opportunistic feeding behavior of Clarias anguillaris during resource scarcity could also raise the likelihood of ingesting infected intermediate hosts (Uruku and Adikwu, 2017). In contrast, the rainy season’s higher water volume dilutes infective stages, decreasing encounter rates and supporting fish health through improved oxygenation and prey availability as suggested by Paperna (1996) and Ruma and Bishnupada (2016). 
Male Clarias anguillaris exhibited higher P. laeviconchus infestation rates, possibly due to more active, opportunistic feeding during reproductive periods, increasing contact with infected intermediate hosts (Echi et al., 2009). Physiologically, elevated testosterone levels in males may suppress immunity, making them more vulnerable to parasitism (Dan-Kishiya et al., 2013). Additionally, energy-intensive behaviors like territorial defense and mate competition heighten stress and reduce immune defenses. Females showed higher Contracaecum sp. infestation, potentially linked to stationary behavior and physiological changes during spawning that increase vulnerability (Akinsanya et al., 2008), a pattern consistent with observations by Blahoua and Adou (2025) in Oreochromis niloticus nematode infections.
5. CONCLUSION
This study highlighted the significant impact of seasonal variations on water quality in the Bandama River at N’Denou and the parasitic dynamics affecting Clarias anguillaris. The dry season, characterized by pollutant concentration and reduced oxygenation, fosters parasite proliferation, notably Procamallanus laeviconchus and Contracaecum sp. Conversely, the rainy season’s dilution effects and improved water quality tend to limit parasitic infestations. Furthermore, fish sex influences infestation levels. These outcomes shed light on some of the reasons contributing to the deseasedisease in this fish stock in Bandama river at N’denou. These findings underscore the need for integrated, sustainable management of the Bandama River that accounts for seasonal fluctuations to safeguard water quality and the health of dependent aquatic species.
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Figure 2 : Prevalence of infestation by Procamallanus faeviconchus and Contracaecum sp
occording to thier attachment sites in Clarias anguillaris
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Figue 3: Temporel variations in the prevalence of Procamallanus laeviconchus and

Contracaecum sp. infestation in Clarias anguillaris. SRS : Short Rainy Season, LRS : Long Rainy
Season, SDS : Short Dry Season and LDS  Long Dry Season
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Figure 4: Prevalence of Procamallanus laeviconchus and Confracaecum sp. Nematodes

parasites according to the sex of the catfish Clarias anguillaris
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Figure 1 : Geographical location of Bandama River at the N'Denou sampling station
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