


Gill Monogeneans infestation and Condition factor assessment of Hemichromis fasciatus (Cichlidae) from the Ebrie lagoon (Côte d’Ivoire)

ABSTRACT
This study investigated the gill parasitofauna of the cichlid fish Hemichromis fasciatus in sectors III and IV of the Ebrie Lagoon, areas subjected to varying anthropogenic pressures, from February 2019 to January 2020. Using standard parasitological methods, five (5) Monogenean species were identified: Cichlidogyrus falcifer, C. sanseoi, C. longicirrus, Onchobdella voltensis, and O. bopeleti. Spatial analysis revealed higher parasite infestations in fish from sector III, which was characterized by lower oxygen levels and reduced water transparency, compared to sector IV. Additionally, host sex significantly influenced parasitic burden. Condition factor assessments showed that infested fish had poorer body condition than non-infested individuals, highlighting the detrimental effects of parasitic infections on host health. These findings emphasize the role of environmental and biological factors in shaping parasite dynamics in lagoon ecosystems.
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1. INTRODUCTION
Fish, an important source of animal protein for the population, harbor parasites. These parasites, living at the expense of their host, often create pathologies and behavioral changes. They can affect the individual, the dynamics of the host population dynamics, the community structure and finally, on a larger scale, the ecosystem Lafferty et al., 2008. 	Comment by Fakuns: Italize please
Among these pathogens, the Monogeneans are essentially fish parasites which can also be found in some cavities such as the stomach, intestine, bladder and nostril (Eyo and Edet, 2015), Majority of them are ectoparasites and have direct life cycle. Monogeneans to gill and skin of fishes causes localized hyperplasia, disturbance of osmoregulation and mortality of the host (Bednarska, 2009). The parasites disease of fish reduces the amount of food available to people around the globe (Bichi and Ibrahim, 2009). In addition to their fundamental interest in science, these parasites are excellent markers of biodiversity and environmental disturbance (Luque and Poulin, 2007; Ramadan et al., 2014). 	Comment by Fakuns: Bracket and comma	Comment by Fakuns: Bracket please	Comment by Fakuns: Bracket please	Comment by Fakuns: italize
[bookmark: _Hlk204981028]Thus, several African countries began the exploration of the monogenean gill parasites populations of fishes in their waters. But, in Côte d’Ivoire, little study regarding monogenean was carried out, while the country has several water bodies and fish species, among which Hemichromis fasciatus. This fish represents an important component of commercial and subsistence fisheries in some Ivorian water bodies (Adou et al., 201; Adou et al., 2023). Despite, the economic importance and popularity among consumers of H. fasciatus and apart from the studies of Pariselle,1994. which focused on the systematics of parasites of Cichlidae from West Africa, the parasitofauna of H. fasciatus remains little known. Thus, there are no data relative to the population dynamics of the gill monogeneans of this fish. However, these data are essential for the prevention of infections and epidemics caused by these parasites. In addition, taking into account (Zharikova, 2000) that each area, with specific ecological conditions ecological conditions, presents groups of parasite species in composition and abundance composition and abundance and that this fish is not only important and abundant in the Ivorian lagoon environment, in this case in sectors III and IV of the Ebrie lagoon where there are anthropic pressures that can influence biodiversity in general and parasitic biodiversity in particular. 	Comment by Fakuns: complete the year and italize	Comment by Fakuns: Bracket please
Therefore, the aimed of the present study is to survey Monogenean gill infections of a natural water fish, Hemichromis fasciatus in sector III and IV of the of the Ebrie lagoon.
2. MATERIAL AND METHODS
2.1. Study area 
The Ebrie lagoon is located between 3 ° 47 'and 5 ° 29' West longitude and 5 ° 02 'and 5 ° 42' North latitude. With a total area of 566 km2, it stretches 130 km from the Azagny Canal to the west, which connects it with the Bandama river and the Grand-Lahou lagoon. In the East, it merges with the offshore outlet of Comoé river and is connected to the Aby lagoon via the Assinie canal. The Ebrie lagoon communicates with the Atlantic Ocean throughout the Vridi canal. It has been subdivided into six sectors including the sector III and IV. The study area concerns sectors III (4°00’ and 4°33’ W - 5°12’ and 5°18’ N) and IV (05° 16’ - 05° 21’ N and 4 ° 14’ - 4° 23’ W) of the Ebrié lagoon (Fig 1). Two dry and two rainy seasons are recognized in the study area Ahoussi et al., 2013. The long dry season extends from December to March and the short one from August to September. The long rainy season occurs from from April to July and the short one from October to November. With a catchment area of 107 km2, this central region of the Ebrié lagoon is influenced by the Atlantic Ocean and by the human activities (“Acadja enclos”, washing, bathing, agriculture). This region is located near several plantations, including those belonging to local residents.	Comment by Fakuns: Remove please
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2.2. Collection of fish specimens and parasitological analysis
Fishes were collected with a monofilament gill nets from February 2019 to January 2020. In the field, the fish caught were identified following Teugels and Thys van den Audernaerde, 2003 and standard length (mm) was recorded for each specimen. The fish were then weighed in grams with an electronic scale. The sex of the fish was determined by observing the gonads according to the criteria of Legendre and Ecoutin, 1999. After being determined the sex, the operculum was removed to expose the gills, which were carefully removed fresh, separated into left and right, and stored in ice (0 °C). In the laboratory, the gills from each side were dissected and were placed in various Petri dishes. Monogeneans were collected and mounted on a slide into a drop of ammonium picrate-glycerine mixture. The identification of the parasite species was carried out under the light microscope, based on the shape and/or size of the sclerotised parts of their haptoral and copulatory complexes as described by Pariselle and Euzet, 2009.
2.2.3. Data analysis
2.2.3.1. Parasitic indices
Prevalence and mean intensity were defined according to Bush et al., 1997 and the classification of the species based on prevalence (P) was made according to Valtonen et al., 1997. Thus, parasite species were considered as frequent if P ˃ 50%, as less frequent if 10 ≤ P ≤ 50% and rare if P < 10%. These categories may correspond to what other authors such as Valtonen16 termed respectively as core, secondary or satellite species.
2.2.3.2. Condition Factor (K)
The Fulton's Condition Factor (K) assumes that the weight of the fish is proportional to the cube of the length and was used to assess the general health of the fishes, on individual and population level. In all individuals’ total length, standard length and body mass were measured. The allometric equation where the b exponent is a constant was used to compare the health index of the different category of fishes.  
Thus, Fulton’s condition factor (K) was calculated using the formula: 
K = W*100/ Lb 
Where W = weight of fish (g), L = standard length of the fish (cm), b = coefficient of allometry considered equal to 3 (Le Cren, 1951)
The Fulton’s condition factor was multiplied with 100 to get it close to 1, and the number 1 indicated a normal condition of the fish, greater 1 indicated fat fish and less than 1 indicated skinny fish. This morphometric index assumes that the heavier fish for a given length the better condition.
2.2.4. Statistical analysis 
The difference in parasite prevalence was tested by using Chi-square (X2). The Kruskal Wallis (K) was used to test the differences in intensity of infestation between seasons and host size classes. Following a significant main effect, Mann-Whitney (U) analysis was used to test pair wise comparison. Effect of host sex on infestation intensity of each parasite species was examined using Mann-Whitney’s test. All steps of this method were computed using STATISTICA 7.1 software.
3. RESULTS 
3.1. Physico-chemical parameters 
The values of the measured environmental variables are recorded in Table 1. The minimum and maximum temperature values in sector III were 28°C and 29.5°C, respectively. The mean value for this parameter in this environment was 28.75± 1.2°C. In sector IV, the temperature ranged from 28°C to 31.89°C, with an average of 29.52± 1.01°C. These different values did not reveal any significant difference between the two stations (Mann Whitney U test p = 0.06 > 0.05). The minimum and maximum dissolved oxygen values at the sector III station were 2.5 and 5.8 mg/L, respectively. The mean value measured in this environment was 3.54±0.1mg/L of dissolved oxygen. At the sector IV station, it ranged between 6 and 7.03 mg/L, with a mean value of 5.93±0.01mg/L. This parameter showed significant variation between the environments (Mann Whitney U test; p = 0.02 < 0.05). The minimum and maximum values of the water's hydrogen potential (pH) showed fluctuations between 7.6 and 8.3 at the sector III site, with a mean value of 8±1. These values varied between 7 and 8.64 at the sector IV station. The mean value of the hydrogen potential was 7.21±0.9. The Mann-Whitney U test analysis did not show any significant variation in this parameter between stations (p = 0.13> 0.05). Salinity measured at the sector III station ranged from 7.6 to 8.44 ppt with a mean of 8.04±0.2 ppt. Values for this parameter ranged from 3 to 3.87 ppt with a mean value of 2.6±0.1 ppt at the sector IV station. The Mann-Whitney U test applied to salinity revealed significant difference (Mann Whitney U test ; p = 0.02 < 0.05). Conductivity values measured at sector III ranged from 3822 to 6742 μS/cm, with a mean of 5281.5±2.7 μS/cm. In sector IV, conductivity values recorded ranged from 2331 to 7529 μS/cm, with a mean of 4583±1.9 μS/cm. A Mann-Whitney U test revealed that the waters at the sector III station had lower conductivity than those at sector IV site (p = 0.01 < 0.05). Water transparency ranged from 54 to 80 cm, with a mean value of 67±1.4 cm in sector III. This parameter ranged from 53 to 131 cm, with an average value of 93.57±1.6 cm in sector IV. The different values revealed a significant difference between the stations (Mann-Whitney U test ; p = 0.01 < 0.05).
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3.2. Composition and spatial distribution of parasites collected 
In total, five parasite species belonging to the genera Cichlidogyrus and Onchobdella were identified on the gills of Hemichromis fasciatus sampled in sectors III and IV of the Ebrie lagoon (Table 2). There are Cichlidogyrus falcifer, C. sanseoi, C. longicirrus, Onchobdella voltensis and O. bopeleti. Parasites C. falcifer and C. longicirrus,were the core species and  C. sanseoi and O. voltensis were the secondary species in sector III of the lagoon. In sector IV, the core species of this component infracommunity were C. falcifer and O. voltensis. Cichlidogyrus longicirus and O. bopeleti were secondary species. Cichlidogyrus sanseoi was the rare species. Regarding the spatial variation of epidemiological indices, except O. bopeleti which was not collected on H. fasciatus gills in sector III, highest mean values of prevalence of Cichlidogyrus falcifer (96.12%), C. sanseoi (46.17%), C. longicirrus (88.23%) and Onchobdella voltensis (43.17%) were noted in sector III of the lagoon. The differences observed between the prevalence of these parasites were not significant in the two environments (Chi-square test X2 = 0.56 ; p = 0.03 ˃ 0.05). The corresponding mean intensities were 26.22±0.2, 21.02± 0.01, 17.51±1.1, 15.83±0.1 respectively for C. falcifer, C. longicirrus, C. sanseoi and Onchobdella voltensis. The Mann-Whitney test applied to parasite loads indicated that fish caught in sector III are more infested than those sampled in sector IV of the Ebrie lagoon (p = 0.04 < 0.05).
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3.3. Occurrence of Monogenean species on fish in relation to host sex
Table 3 shows the variation of parasitic indices according to the sex of Hemichromis fasciatus. In sector III, except C. longicirrus which was found more in female fish with an prevalence (93.81%) and mean intensity (22.02 ±1.2) male fish were more infested by parasites with prevalences and mean intensities of 92.18% ; 29.11 ±1.2 for C. falcifer, 56.41% ; 10.07±0.3 for C. sanseoi and 43.23% ; 13.21 ±0.03 O. voltensis. The chi-square test did not indicate any significant differences between the prevalence of infested male and female fish (X2 = 4.71; p = 0.18 ˃0.05). The Mann-Whitney U test applied to the intensities revealed a significant difference in fish of both sexes (p = 0.003˂0.05). Concerning sector IV, with respective prevalences and intensities, parasites C. longicirrus (86.73% ; 10.46±2.3) and C. sanseoi (50.23% ; 8.5±1.9) were more concentrated in female hosts while C. falcifer (90.55% ; 14.13 ±2.8), O. voltensis (50.25% ; 6.05±2.1) and O. bopeleti (9.95% ; 2.1±0.03) were found in large numbers in males. The Chi-square test (X2) applied at the prevalences of these parasites showed that these values were not statistically significant (X2 = 4.5 ; p = 0.1 > 0.05). However, significantly higher intensity of infestation was observed in male than female (Mann-Whitney (U) test ; p = 0.02< 0.05).
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3.4. Parasitism and condition factor of Hemichromis fasciatus population
In general, in both sectors, the values ​​of the condition factors (K) of uninfected fish were greater than 1 (Table 4). Condition factor values ​​of Hemichromis fasciatus specimens in sector III were 1.6±0.2 g/cm3 with an means weight of 112±0.03 g and standard length of 19.3±0.01 cm for uninfested and 0.48±0.2 g/cm3 for infested with an average weight of 11.57±0.1 g and standard length of 13.41±0.4 cm. In sector IV these values of condition factor (K) were 1.82±0.01 g/cm3 for uninfested and 0.63±0.4 g/cm3 for infested. Their respective mean weights and standard lengths were 196±1.3 g, 22.08±0,6 cm and 39.3±0.7 g, 18.41±0.02 cm. A significant difference in condition factors was observed between infected and uninfected fish (Mann Whitney U test; p = 0.01˂0.05) in these two sectors. 
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4. DISCUSSION
The present study indicated that Hemichromis fasciatus examined in sector III and IV of the Ebrie lagoon was infested with five species of monogenean parasites: Cichlidogyrus falcifer, C. longicirrus, C. sanseoi, Onchobdella voltensis, O. bopeleti. The polyparasitism observed in this study has also been reported by various authors. Pariselle and Euzet (2009) reported four Monogenean species infested the same fish gill system in Ebrié lagoon. Also, it appears from the work of Bilong Bilong, 1995 that eight (8) Monogenean species colonized the gills of H. fasciatus from Municipal Lake of Yaoundé. Studies of determinants of parasite richness reported that several factors can affect directly or indirectly specific richness, including, experimentation factors, factors related to the host and with its social behavior (traits of life, size, habitat and behavior) and factors related to the phylogeny of hosts and parasites and water quality (Poulin, 1995; Walther et al., 1995; Morand et al.,1999). In this study, the colonization of H. fasciatus by several congeneric species could be explained by the permanent presence of vacant niches on its gill biotope. In fact, according to Buchmann and Lindenstrom,(2002) and Simkova et al., 2006, in the natural environment, the parasitic load is generally weak and therefore, the niches are always available on the gill biotope, facilitating the simultaneous colonization of the same host by several species of Monogeneans.	Comment by Fakuns: Italize please	Comment by Fakuns: Bracket	Comment by Fakuns: Italize please
The spatial distribution of Hemichromis fasciatus gill parasites showed that fish captured in sector III were more infested than those sampled in sector IV of the Ebrie lagoon. The high fish infestation in sector III is due to the physicochemical characteristics of this environment. In fact, the results indicated that the waters of sector III are less oxygenated and transparent. It is well known that low dissolved oxygen and transparency levels are conducive to the development of these parasites Sorensen and Weber, (1995). According to these authors, when the dissolved oxygen content is low, cortisol and catecholamine levels increase in the fish's plasma and cause immunodepression of the fish, making it vulnerable to parasitic infestation. The low transparency of the waters in sector III indicates that the waters in this area are cloudy and therefore loaded with suspended particles. These suspended particles favor the transport of eggs or infesting stages to the fish, thus increasing their infestation in the host. Furthermore, when the waters are murky, it makes it difficult for fish to move, making them sedentary. This new condition exposes them more to parasitic infestation. The low infestation of fish caught in sector IV could be partly attributed to water temperature, which is an important factor controlling variation in the intensity of Monogenean (Modu et al., 2014). This variable, along with salinity, can alter the parasite's specificity (Zander, 1998). This may be due to changes in parasite physiology or to a change in competitive interactions with other species that may be less tolerant of these environmental variations, as noted by Desdevises, (2001). Many parasites have free-living stages (eggs, larvae, or both) where they are exposed to the external environment (ectoparasites). Like any other organism, their distribution and abundance can therefore be affected by environmental conditions, as is the case for host organisms (Marcogliese, 2003). Indeed, the rise in temperature observed in this area would cause the mortality of adult worms, thus reducing the infestation of hosts by parasites. 	Comment by Fakuns: Bracket	Comment by Fakuns: Italize please	Comment by Fakuns: Bracket pleas
This study highlighted in both surveyed areas that parasitic infestations in Hemichromis fasciatus show differences depending on the Monogenean species and the sex of the host fish. This difference can be attributed to specific gender-related behaviors. Differences in trophic habits, migrations, behavioral differences during the breeding season, and population dynamics can have a direct impact on parasite load values depending on the host sex (Barber and Poulin, 2002). Furthermore, immunological and other physiological differences between hosts and parasites can alter parasite numbers in males and females as noted by Rohde, 1993. Overall, these results suggest that infection abundance may partly depend on the biological characteristics of the host species, but is also a variable attribute of the parasite species, supporting (Barber and Poulin, 2002) idea that biological characteristics of parasite species can potentially override local environmental conditions in parasite population dynamics. For example, (Uhuo et al., 2014) explained that the elevated infestation in male fish is due to the fact that males may be closer to their physiological limit than females. Indeed, the cost of male reproduction may be particularly high in fish where males provide all parental care and territorial defense. This may lead to higher stress levels and reduced immunocompetence in males compared to females (Herbert and Cohen, 1993) making them more susceptible to parasitic infections than females.	Comment by Fakuns: Bracket and italize please
The results showed a significant difference in the condition factors (K) of infested and uninfested fish. In both study areas, non-infested fish had a condition factor greater than 1, indicating that they were in good condition in their habitat despite environmental stress. These results are explained by the fact that Hemichromis fasciatus, being a species that does not have a large market size, is not targeted by large-scale fishing. This fish is found in the fishermen's catches accidentally and is therefore not overexploited. This situation favors the good reproduction, feeding and good growth of this fish over a long period. Furthermore, it is well demonstrated that H. fasciatus is one of the species of the Cichlidae family that tolerates changes in environmental variables that affect water quality. This species adapts and reproduces in all environments of aquatic ecosystems and is. In contrast, infected H. fasciatus specimens had a condition factor (K) lower than 1. This is thought to be due to the fact that parasitic infection causes a loss of nutrition and energy in infected individuals, making them thin. Furthermore, (Combes, 1995) had shown that parasitic infections, in addition to other environmental stressors, induce an increase in the susceptibility of their hosts, which can reduce their weight.
5. CONCLUSION
The examination of the Hemichromis fasciatus gills in sectors III and IV of the Ebrie lagoon revealed five parasites’ species. These are Cichlidogyrus falcifer, C. longicirrus, C. sanseoi, Onchobdella voltensis, and O. bopeleti. Regarding the infestation according to the stations, the fish from sector III of the lagoon which is less oxygenated and transparent are more infested than those from sector IV. In both study areas, fish sex influenced the intensity of H. fasciatus infestation. Also, this study revealed that all infested H. fasciatus specimens exhibited a lower condition factor than uninfested fish.
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Table 2. Prevalence and intensities of Monogenean species collected from Hemichromis fasciatus
captured in the Ebric lagoon
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Table 3. Pasasitism of Hemichromis fasciatus according to hast sex in the Ebrie lagoon
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Table 4. Fulton condition factor (K) (g/em’) of infected and uninfected by gill Monogenean parasites of
Hemichromis fasciatus captused in the sector IIl and IV of Ebrie Iagoon

Stations __ Status Porameters Values
Sector M Uninfected  Total Length (cm) 193001
Weight (g) 1122003
Condition Factor (K) (glem’) 16:02
Infected  Total Length (cun) 1341204
Weight (g) 1057201
Condition Fctor (K) (glem) 048202
SectorTV Uninfected  Total Length (cm) 20805
Weight (g) 196413
Condition Factor (K) (glem) 182001
Infected  Total Length (cun)

Weight ¢)
Condition Factor () (o) 063204
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Table 1. Physico-chemical parameters measured in sectors I and IV of the Ebric lagoon

Stations TCC) Ompl)  pH  Sal(ppt) Cond (uSlem) Trass(cm)

Sectorl Min 2 25 76 76 382 54
Max 25 58 83 844 612 50
Mesn 2875412 358501 841 804102 581527 6751

SectorV Min 2 6 7 3 7529 131
Max 318 703 387 23 53
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