ECOLOGICAL STATUS OF TWO LAKES IN THE DEPARTMENT OF BONGOUANOU (COTE D’IVOIRE)
ABSTRACT 

	Lakes Kaby and Ehuikro are vital for the city of Bougouanou. However, the land around them has been transformed into areas for wastewater overflow, landfills site and agriculture. Therefore, this study aimed to characterize the ecological status of these lakes based on their fish fauna. Fish were sampled monthly from July 2017 to June 2018 using monofilament nets with mesh sizes of 15, 20, 25, 30, 40, and 60 mm. The captured fish were identified, measured, and weighed. The condition factor K and a graphical method of comparing abundance and biomass were used to determine the lakesʹ ecological status. Analysis of the ichthyological fauna showed that there was greater species richness in Ehuikro lake (12 species) than in Kaby lake (four species). These species were distributed among nine genera, six families and three orders. Kaby and Ehuikro lakes were dominated by Oreochromis niloticus and Hemichromis fasciatus, respectively. The length-weight relationship revealed that Clarias anguillaris, Parachanna obscura and O. niloticus exhibited negative allometry in Lake Kaby. For these species, growth is isometric in Ehuikro lake. The condition factor was greater than 1 in both lakes. The highest condition factor values were obtained in Cichlidae. The ecological stress index showed that the abundance curve was above the biomass curve in Kaby and Ehuikro lakes, with negative values. By the end of the study, it was revealed that ecological conditions were even better in Ehuikro lake than in Kaby lake. The fish exhibited a wide range of ecological plasticity in adapting to environmental disturbances. Regarding, the ecological state of the lakes, the ecological stress index showed that both reservoirs were polluted.
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1. INTRODUCTION 

“Water is essential for the maintenance of life, development and the environment. It plays a central role in the development of human civilizations and in the constitution of aquatic ecosystems, which shelter living beings” (Falkenmark and Lundqvist, 1997). “Thus, access to safe drinking water is a fundamental prerequisite for local economic development” (Kangombe, 2000). “Lacustrine environments constitute essential sources of fresh water for supplying the population with drinking water. They also play a crucial role in biodiversity's maintenance, providing habitat for a multitude of animal and plant species” (CEC, 2000). “However, the water quality of the environments is subject to disturbances due to the strong pressure exerted by anthropogenic activities on these environments” (Tazi et al., 2001). 
“The town of Bongouanou is no exception when it comes to these sources of pollution. Indeed, two lakes (urban and peri-urban) are prone to pollution. Among other things, population growth and the expansion of the agglomeration have led to changes in its banks, accelerating erosion. Also, the flanks of these lakes have been turned into sewage outlets and household waste dumps, and are used for agricultural purposes such as market gardening, rubber tree nurseries and cocoa plantations. These human activities could constitute significant sources of degradation for these lakes. They would also be are sources of water contamination responsible for human diseases” (Levallois, 2006). “However, these two lakes provide socio-economic services to the population. For example, the peri-urban lake plays an important role for the population because it is treated to provide drinking water. Given the importance and the risks of degradation of these lake environments, it is appropriate to conduct a study on the ecological health of these two lakes in the Bongouanou department. To do so, biological communities (benthic invertebrates, fish) sensitive to environmental changes can serve as indicators in the assessment of the ecological health of these two lakes. Indeed, these communities reflect the environmental conditions found in the watershed” (La Violette et al., 2003; WFD, 2003). In particular, fish offer many advantages as indicator species (Théberge and Côté, 2008).
The objective of this study is to characterize the ecological status of the two lakes in the Bongouanou department based on the composition of their ichthyological fauna.

2. material and methods 

2.1 Study area
 Kaby and Ehuikro lakes (Figure 1) are an artificial lake located in the town of Bongouanou.  With a surface area of 35,000 m², Kaby Lake located between latitude 6°38ʹ48ʹʹ and 6°38ʹ56ʺ North and between longitude 4°12ʹ02ʺ and 4°11ʹ52ʺ West. This lake was constructed in 1952 to supply the population of Bongouanou with drinking water. Lake Kaby is primarily fed by Lake Sokotè, which itself is fed by a water table. Unfortunately, Lake Kaby has been negatively influence by rapid urbanization. It is now surrounded by buildings and receives almost all of the city's runoff (Kouadio et al., 2018). Lake Ehuikro was a drinking water supply dam. It is currently located on the outskirts of the town of Bongouanou. Its surface area is 733,455 m². Lake Ehuikro is located between latitude 6°38ʹ12ʺ and 6°38ʹ40ʺ North and longitude 4°09ʹ48ʺ and 4°10ʹ30ʺ West. The hydrological regime of this lake depends on the regimes of the sacred Yakpo River and Lake Kaby. The surroundings of Lake Ehuikro are occupied by food crops, poultry and pig farming and rubber cultivation (Kouadio et al., 2019).
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Fig. 1. Geographic location of Kaby and Ehuikro Lakes (Bongouanou, Côte d’Ivoire)

2.2 Sampling of fish fauna
Experimental fishing was conducted over a 12-month period (July 2017 to June 2018) to assess the status of ichthyofauna, using monofilament gillnets with mesh sizes of 15, 20, 25, 30, 40, and 60 mm. These nets were set at 5 p.m. and visited the next morning from 7 a.m. for night fishing. They were immediately rested, then finally relieved at 2 p.m. for daytime fishing. The fish caught were identified according to Paugy et al. (2003a, b) and Dunz and Schliewen (2013), grouped and counted by species according to the lakes. Each fish was measured (standard length) using a millimetric ichthyometer and then weighed using an ADAM HCB 123 type electronic scale.
 2.3 Analysis and data processing
The specific richness at each lake was determined and the data collected was analysed using:
· numerical percentages of individuals and species (N = ni/Nt × 100, with: ni = number of individuals in a taxonomic group (species, family, or order); Nt = total number of individuals collected in an environment).
· weight percentages of individuals and species (W = wi/Wt × 100, with: wi = weight of individuals in a taxonomic group (species, family, or order); Wt = total weight of individuals collected in an environment).
· . standard length-weight relationship for individuals and species (W = a × SL), with w = uneviscerated weight of the fish (g); SL = standard length (mm); a= constant; and b = allometry coefficient (Le Cren, 1951). The length-weight relationship was determined for species of which seven (7) or more individuals were collected.
· condition factor or condition coefficient (Kc = w/SLb× 100) used by Bagenal and Tesch (1978) with w = fish weight (g); SL= standard length of fish (mm) and b = allometry coefficient.
· ecological stress index (ABC = (Bi - Ai)/N) used by Warwick et al. (1987), with Bi = proportion of biomass of species i (ranked in descending order of proportion); Ai = proportion of abundance (number of individuals) of species i (ranked in descending order of proportion) and N = total number of species observed.

3. results and discussion

3.1 Quantitative inventory
A total of 1,305 fish, including 843 and 462 caught in Lakes Kaby and Ehuikro respectively. These fish belong to 12 species divided into three orders, six families, and nine genera. Quantitative analysis shows that O. niloticus, with a numerical abundance of 90.27% (N), was the most abundant species in Lake Kaby. The species Clarias anguillaris, Parachanna obscura, and Clarias buettikoferi represent only 5.57%, 3.56%, and 0.59%, respectively (Fig. 2a). In Lake Ehuikro, Hemichromis fasciatus was the most abundant species, with 64.36% of the total number of fish. It wass followed by Heterotis niloticus (15.76%), Coptodon zillii (7.77%) and Coptodon guineensis (3.45%). The eight other species were a numerical abundance of 8.58% (Fig. 2b). In terms of biomass, O. niloticus and H. niloticus dominated the ichtyological fauna of Kaby and Ehuikro lakes respectively (Fig 3). At Lake Kaby, O. niloticus dominates the population, accounting for more than 76.08% of the total weight. Was followed by C. anguillaris (12.98%), P. obscura (9.55%) and C. buettikoferi (1.39%) (Figure 3a). In Lake Ehuikro (Fig. 3b), Heterotis niloticus accounted for 44.96% of the total weight. This was followed by Hemichromis fasciatus (30.54%), Clarias anguillaris (5.09%), Chrysichthys nigrodigitatus (4.79%), and Coptodon zillii (4.65%). The other species represented less than 10% of the total weight.
The dominance O. niloticus in Lake Kaby in terms of numbers and biomass could be explained by the fact that this species finds favorable conditions for its development and reproduction in this environment. These results are similar to those obtained by Boni et al. (2025) in sector IV of the Ebrié lagoon in Côte d’Ivoire. Disturbances favour the proliferation of species with more flexible or diversified feeding habits, such as omnivores or phytophages (Noble et al., 2007). The abundance of Hemichromis fasciatus in Lake Ehuikro suggests that this species finds optimal conditions for its development and reproduction in this environment. Furthermore, the survival of a species depends on its environment and its ability to maintain sufficiently large populations (Paugy and Lévêque, 2006). Also,Winemiller et al. (1995) indicate that most cichlid species are adapted to life along the banks or in the water in the presence of taller plants.
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Fig. 2: Numerical percentage of fish species in lakes (Bongouanou, Côte d’Ivoire) from July 2017 to June 2018.
a: Kaby lake; b: Ehuikro lake
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Fig. 3: Weight proportion of fish species caught in lakes (Bongouanou, Côte d’Ivoire) between July 2017 and June 2018.
a: Kaby lake; b: Ehuikro lake












3.2. Standard length-weight relationship and condition factor for some fish species
In Kaby lake, the standard length of Clarias anguillaris individuals ranged from 131 to 517 mm, with respective weights of 24.54 to 1413.61 g. In P. obscura individuals, the standard length ranged from 95 to 331 mm and the weight from 25 to 702.88 g. For O. niloticus individuals, the standard length ranged from 53 to 245 mm and the body weight ranged from 5.69 to 224.48 g (Table I). The values of the allometry coefficient b obtained for C. anguillaris (2.7), P. obscura (2.2) and O. niloticus (2.4) were statistically lower than the theoretical value (3) (Student's t-test, p ˂ 0.05). Thus, these values reflected negative allometric growth in these three species. In Kaby lake, condition factor (Kc) values ranged from 1.20 in C. anguillaris to 4.11 in O. niloticus. The negative allometry in the three species from Kaby lake suggested that the fish were growing faster than they gain weight in Kaby lake.
In Ehuikro lake, the smallest standard length (64 mm) was measured in individuals of Hemichromis fasciatus (Table II). This individual weighed 7.83 g. The largest standard length was observed in Heterotis niloticus, at 425 mm with a body weight of 974.34 g. The allometric coefficient (b) values obtained for Chrysichthys nigrodigitatus (3.1), P. obscura (2.89), Coptodon zillii (2.9) and O. niloticus (2.91) were not statistically different from the theoretical value of 3 (Student's t-test, p > 0.05). This showed isometric growth in Ehuikro lake. However, the allometry coefficients of H. niloticus (b = 2.86), H. fasciatus (b = 2.78) and Coptodon guineensis (b = 2.79) were statistically lower than 3 (Student's t-test, p ˂ 0.05), indicating negative allometric growth of these species. Furthermore, the seven species studied in Ehuikro lake had condition factor (Kc) values greater than 1. These values ranged from 1.31 in P. obscura to 4.11 in O. niloticus. Moreover, the growth of P. obscura and O. niloticus varied between lakes. Both species exhibited negative allometry in Kaby lake and isometric allometry in Ehuikro lake.
These results could be explained by the fact that these species are in a less favorable state of physiological “well-being.” Indeed, the environment of Lake Kaby is heavily influenced by human activity. These activities will increase nitrate levels through the phenomenon of nitrification. In addition, there will be deoxygenation of the environment due to the processes of decomposition of organic matter by anaerobic bacteria. The results of the present study corroborate the assertion that weight gain is influenced by several factors such as habitat, sex, diet, health, and environmental conditions (Mommsen, 1998; Froese, 2006, Loukou et al., 2023). In addition, this lake is subject to high fishing pressure. According to Minoungou et al., (2020), fish species have positive allometry when fishing pressure is low.
The difference in growth of fish of these two species (P. obscura and O. niloticus) could be linked to the overexploitation and degradation of Lake Kaby compared to Lake Ehuikro. Indeed, Lake Kaby is located in the middle of a built-up area and is therefore heavily influenced by human activities while Lake Ehuikro is located in a forest on the outskirts of the city. Ouédraogo (2010) indicates that water quality, geographical location, and the surrounding conditions of fish influence the growth of fish species.
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Table I: Standard length- weight relationship and condition factor of three fish species caught in Lake Kaby (Bongouanou, Côte d’Ivoire).

	
	
	SL (mm)
	Weight (g)
	
	
	
	
	
	
	

	Species
	n
	min
	max
	min
	max
	a
	B
	SE
	R2
	|t|
	Kc
	Tc

	C. anguillaris
	47
	131
	517
	24,54
	1413,61
	5.10-5
	2,7
	0,13
	0,85
	3,26
	1,2
	A-

	P. obscura
	30
	95
	331
	25
	702,88
	10-3
	2,2
	0,17
	0,82
	9,75
	2,84
	A-

	O. niloticus
	761
	53
	245
	5,69
	224,48
	10-3
	2,88
	0,03
	0,9
	13,99
	4,11
	A-



SL = Standard length ; n = number of species ; min = minimum ; max = maximum ; a = slope ; b = allometry coefficient ; SE = standard error ; R2 = coefficient of determination ; |t| = Student's t-test value ; Kc = condition factor ; Tc = growth type ; A- = negative allometry ; C. anguillaris = Clarias anguillaris ; P. obscura = Parachanna obscura ; O. niloticus = Oreochroimis niloticus



Table II: Standard length- weight relationship and condition factor of seven fish species caught in Lake Ehuikro (Bongouanou, Côte d’Ivoire).

	
	
	SL (mm)
	Weight (g)
	
	
	
	
	
	
	

	Species
	N
	min
	max
	min
	max
	a
	b
	SE
	R2
	|t|
	Kc
	Tc

	H. niloticus
	71
	132
	425
	46,97
	974,34
	6.10-5
	2,86
	0,03
	0,98
	3,68
	1,56
	A-

	C. nigrodigitatus 
	10
	32
	98
	23,03
	769,95
	3.10-5
	3,1
	0,07
	0,99
	1,74
	2,52
	I

	P. obscura
	8
	159
	332
	47,46
	412,96
	2.10-5
	2,89
	0,09
	0,97
	0,77
	1,31
	I

	H. fasciatus 
	298
	64
	166
	7,83
	135
	2.10-4
	2,78
	0,02
	0,91
	9,92
	3,55
	A-

	C. zillii
	36
	71
	176
	12,12
	160,24
	4.10-5
	2,9
	0,06
	0,94
	1,04
	3,70
	I

	C. guineensis
	16
	83
	151
	23,98
	133,23
	5.10-4
	2,79
	0,07
	0,95
	1,76
	4,01
	A-

	O. niloticus
	8
	95
	254
	31,33
	631,45
	6.10-5
	2,91
	0,1
	0,99
	0,98
	4,11
	I



SL = Standard length ; n = number of species ; min = minimum ; max = maximum ; a = slope ; b = allometry coefficient ; SE = standard error ; R2 = coefficient of determination ; |t| = Student's t-test value ; Kc = condition factor ; Tc = growth type ; I = isometry ; A- = negative allometry ; H. niloticus = Heterotis niloticus ; C. nigrodigitatus = Chrysichthys nigrodigitatus ; P. obscura = Parachanna obscura ; H. fasciatus = Hemichromis fasciatus ; C. zillii = Coptodon zillii ; C. guineensis = Coptodon guineensis ; O. niloticus = Oreochroimis niloticus

A similar result was observed by Da et al. (2018) for Sarotherodon galilaeus in Lake Bam and the Kompienga reservoir in Burkina Faso. Furthermore, the isometric growth also observed in C. nigrodigitatus and Coptodon zillii shows that these species grow as much as they get bigger. On the other hand, H. fasciatus, C. guineensis, and H. niloticus exhibit negative allometry in this lake. This indicates that the weight growth of these three species does not occur in the same proportions as their length. In other words, these species grow more than they gain weight (Abba et al., 2013). These results are thought to be linked to the availability of food resources for the seven species in Lake Ehuikro.
[bookmark: _Hlk212387916]The condition factor for the four species of the Cichlidae family is higher than that of other species. The high condition factor values can be explained by the fact that these species feed well in these two lakes. In addition, the condition factor values for all species in Lake Kaby and Lake Ehuikro are greater than 1. These results would indicate that all these species would be in good physiological condition (Tiogue et al., 2010; Obasohan et al., 2012; Abba et al., 2013). They therefore translate good adaptation to the environmental and biological conditions in Lake Kaby and Lake Ehuikro. These results corroborate the assertion that if a condition factor K is less than 1, this indicates that the fish are in poor condition (Alhassan et al., 2015).

3.3 Ecological stress index
The calculated ecological stress index was negative in both environments, with values of -0.16 and -0.11 for Kaby and Ehuikro lakes respectively (Fig. 4). These negative values are represented graphically by the abundance curve above the biomass curve. 
Indeed, our results suggested that Kaby and Ehuikro lakes were highly polluted or disturbed.According to Clarke (1990) and Warwick and Clarke (1994), high disturbance in an ecosystem is reflected by either the proliferation of small species with high abundance and low biomass or a decrease in the size of individuals within the population. Based on observed species richness, the second hypothesis (a decrease in individual size) seems more plausible in the case of Lakes Kaby and Ehuikro. The poor ecological status of these two lakes is mainly due to the urbanization of the banks of Kaby lake and the agricultural and fishing activities on Ehuikro lake.
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Fig. 4: Abundance-biomass curves realized from fish species sampled in Lakes Kaby and Ehuikro
a: Lake Kaby; b: Lake Ehuikro

4. CONCLUSION
Analysis of the ecological stress index revealed that Lakes Kaby and Ehuikro were polluted. However, analysis of the fish population showed that ecological conditions in Ehuikro lake were even better than in Kaby lake. This was reflected in the fish growing better in Ehuikro than in Kaby. The condition factor revealed a good physiological state of the fish, reflecting the ability of the observed species to adapt to environmental disturbances.
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