


Size structure and condition factor of Oreochromis niloticus (Cichlidae) in the Ayame 2 man made lake (Côte d’Ivoire)
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ABSTRACT 
	The Ayame 2 lake, located in southeastern Côte d’Ivoire, is a tropical lentic ecosystem characterized by strong seasonal fluctuations and pronounced eutrophication, particularly during the dry seasons (December–March and August–September). This study aimed to assess the size structure and condition factor of Oreochromis niloticus, a key economic fish species, in order to better understand its population dynamics and physiological status in this fluctuating environment. A total of 1888 O. niloticus individuals were sampled monthly from January to December 2017 at various artisanal fishing sites around the lake. Total length (cm) and body weight (g) were recorded for each specimen to assign size classes and calculate the condition factor (K). The results revealed a size distribution dominated by intermediate classes ([10.5–12.5[ cm), indicating active recruitment but a reduced number of larger individuals (>22.5 cm). The condition factor varied significantly by month and size class (p < 0.05), with highest values observed during the rainy seasons and marked lows during the dry season. The highest mean K (1.90) was found in the [10.5–12.5[ cm class, while larger size classes showed extremely low values (as low as 0.01).These findings highlight the significant influence of seasonal environmental conditions on the morphophysiology of O. niloticus and underscore the need for integrated management strategies considering size at capture, breeding seasons, and habitat quality.
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1. INTRODUCTION 

Fish constitute the primary source of animal protein for approximately 200 million individuals across the African continent. In addition to being a staple food source, fishing provides direct employment to over 10 million Africans, with an additional five to ten times more people engaged in fishing as a secondary activity, thereby contributing significantly to food security, particularly in rural areas ((Karr, 1981). In this context, fishing in lake Ayame 2 plays a vital role in the livelihoods of the local population (Blahoua et al., 2018). However, similar to other lakes across Africa and specifically in Côte d'Ivoire, lake Ayame 2 has experienced a decline in fish production. The primary drivers of this decline include pollution, overfishing, and habitat degradation (Adou et al., 2017). Additionally, climate change is exerting long-term pressure on fish stocks (Bulengela et al., 2019). Given these mounting threats to the lake's aquatic resources, the implementation of enhanced management strategies is imperative. Among these, the assessment of fish size structure and condition factor is considered essential (Oni et al., 1983).	Comment by Microsoft account: Two Brackets
According to Da et al. (2018), size structure (including total and standard length) and condition factor (based on body mass) are critical parameters in fish biology and fisheries management. These metrics are crucial for characterizing fish landings and understanding growth dynamics in natural habitats (Heins et al., 2004 ; Soumaïla et al., 2009). As highlighted by Lévêque and Paugy (2006), fish size structure and growth are strongly influenced by environmental factors, particularly the seasonal contraction of water body surface areas. Size frequency distributions offer valuable insight into the demographic composition of exploited fish populations (Diouf and Goudiaby, 2018), and a general decrease in size is often observed under high fishing pressure.	Comment by Microsoft account: May refer or
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The condition factor reflects the physical and physiological state of fish (Paugy and Lévêque, 2017), allowing for seasonal or regional comparisons of population health (Oni et al., 1983). It serves as an indicator of a fish's well-being in relation to its body condition (Tabassum et al., 2013). Although the length-weight relationship has been extensively studied in Côte d’Ivoire, research specifically focusing on size structure and condition factor remains limited (Oussou et al., 2018). To address this gap, the present study investigates these parameters in Oreochromis niloticus, a cichlid species of high aquaculture value and one of the main fish species exploited in Lake Ayame 2 (Adou et al., 2017).	Comment by Microsoft account: What are the condition factors

2. material and methods 

2.1 Sampled area
The Bia River is a relatively small coastal watershed, extending approximately 300 km in length and encompassing a drainage area of 9,650 km². Originating in Ghana, it flows southwest into the Aby Lagoon, located in southeastern Côte d’Ivoire (Ouattara et al., 2006). The river’s course has been modified by the construction of two hydroelectric dams, resulting in its fragmentation into four distinct aquatic systems: (1) the upper Bia River, (2) lake Ayame 1, (3) lake Ayame 2, and (4) the lower Bia River. Lake Ayame 2, situated between latitudes 5°34′-5°37′ N and longitudes 3°09′-3°10′ W, spans an area of approximately 7 km² (Figure 1). Its hydrological regime is regulated by the upstream dam, which modulates water inflows and outflows via periodic sluice gate operations (Ouattara et al., 2007). The lake receives substantial nutrient inputs, particularly during rainfall events, due to runoff from adjacent agricultural plantations and forested areas. One of the main tributaries, the Aniassue River, discharges directly into Lake Ayame 2 and serves as a significant source of nutrient enrichment. These conditions facilitate the proliferation of floating aquatic macrophytes, primarily Pistia stratiotes and Eichhornia crassipes. The persistent accumulation and subsequent decomposition of these plants contribute to severe oxygen depletion in the water column, often resulting in foul odors and indicating eutrophic and hypoxic conditions. The region experiences a transitional equatorial climate characterized by four distinct seasons (Ahoussi et al., 2013): a long rainy season from April to July, a short dry season from August to September, a short rainy season from October to November, and a long dry season from December to March. Annual rainfall ranges between 1,400 and 1,600 mm (Brou et al., 2005).
[image: ]	Comment by Microsoft account: Can depict the map more briefly


2.2 Fish sampling 

During the study period from January to December 2017, a total of 1888 specimens of Oreochromis niloticus were collected through monthly sampling. Fish were captured using a series of 14 experimental gillnets with mesh sizes ranging from 8 to 60 mm (8, 10, 12, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55, and 60 mm). Each net was 100 meters long and 3 meters deep. The gillnets were deployed at 17:00 and retrieved at 07:00 the following morning for night catches. For daytime sampling, the nets were inspected again and removed at 12:00. To complement the experimental fishing, additional samples were obtained from artisanal fisheries using various traditional gears, including bamboo and vine traps, bamboo fish traps, hand lines, longlines, and cast nets. All captured fish were identified to species level using the taxonomic keys of Paugy et al. (2003a, b). For each specimen, standard length (SL) and total length (TL) were measured to the nearest centimeter using an ichthyometer. Body weight was determined to the nearest gram with an electronic balance, and all individuals were systematically counted.
Data analysis
2.3. Morphometric Structure Analysis by Size Classes 
The analysis of fish size class structure offers valuable insights into the status of a given population, including recruitment dynamics, reproductive success, resource exploitation levels, and potential episodic events affecting recruitment in specific years. In this study, the standard lengths (SL) of individual specimens from the selected species were categorized into distinct size classes. The number and range of these size classes were determined using Sturges’ rule, as described by Scherrer (1984).
-Determination of size classes 	Comment by Microsoft account: Use Equations formatting
Number of classes = 1 + (3.3 log N) 
With : N = total number of specimens examined -Determination of the class i amplitude 
Amplitude = (LS max - LS min) / Number of classes 
With : LS = standard length
- Fulton's Condition Factor (K)
The Fulton's Condition Factor (K) suggests 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/ Lb3 (Le Cren, 1951)
Where W = weight of fish (g), L = standard length of the fish (cm), b = coefficient of allometry considered equal to 3).
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.
2.4 Statistical Analysis
The Kruskal-Wallis and Mann-Whitney tests were used to assess monthly variations in individual counts and condition factors. Statistical analyses were performed using Statistica version 7.1 and PAST software.

3. results 
3.1 Temporal variation in the Abundance of Oreochromis niloticus Individuals
Analysis of figure 2 reveals a notable monthly variation in the abundance of Oreochromis niloticus individuals in the Ayame 2 lake. The number of fish captured each month ranged from a minimum of 79 individuals in August to a peak of 273 individuals in November. An initial increase in catches was observed from March (90 individuals), reaching a first peak in June (223 individuals), followed by a marked decline in August. A second phase of increase began in September, culminating in November with the highest number of individuals captured (273), before a slight decline in December (150 individuals). The Kruskal-Wallis and Mann-Whitney tests applied to the dataset revealed a highly significant difference in the number of individuals captured across months (p < 0.001). These results confirm that the abundance of O. niloticus varied significantly throughout the year.
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3.2 Temporal variation in the Condition Factor of Oreochromis niloticus
The condition factor of Oreochromis niloticus exhibited monthly variation throughout the year in the Ayame 2 lake (Figure 3). The lowest values were recorded in January (0.14), February (0.16), and March (0.21). An increasing trend began in April (0.60), continued through May (0.71), and peaked at 0.78 in June. In July, the condition factor decreased to 0.54, followed by further declines in August (0.39) and September (0.41). The highest annual value was observed in October (0.83), followed by a slight decrease in November (0.80), and a more pronounced drop in December (0.37). Statistical analysis using the Kruskal-Wallis and Mann-Whitney tests revealed a significant difference between months (p = 0.03 ; p = 0.01 < 0.05), indicating a statistically significant variation in the condition factor throughout the year.
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3.3 Size-class distribution of Oreochromis niloticus individuals
The size-class distribution of Oreochromis niloticus individuals revealed a heterogeneous pattern (Figure 4). The [10.5-12.5[ cm class was the most represented, with 428 individuals, followed by the [20.5-22.5[ cm (238 individuals) and [8.5-10.5[ cm (218 individuals) classes. The least represented size classes were [22.5–24.5[ cm (106 individuals) and [24.5-26.5] cm (104 individuals). The Kruskal-Wallis and Mann-Whitney tests revealed a significant variation in the number of individuals among different size classes (p = 0.01 ; p = 0.02 < 0.05), indicating a heterogeneous size distribution within the population.
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3.4 Condition factor according to size classes
The mean condition factor varied markedly across different size classes of Oreochromis niloticus (Table 1). The highest value was recorded in the [10.5-12.5[ cm class (1.90), followed by the [8.5-10.5[ cm (0.86) and [16.5-18.5[ cm (0.71) classes. In contrast, the lowest condition factors were observed in the [24.5-26.5] cm (0.01), [22.5-24.5[ cm (0.11), and [6.5-8.5[ cm (0.11) classes. Kruskal-Wallis and Mann-Whitney tests applied to these data revealed a highly significant difference among the size classes (p = 0.02 ; p = 0.01 < 0.05), indicating that the condition factor significantly varied with individual size.
Table 1
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4. discussion

The assessment of size structure and condition factor of Oreochromis niloticus in the Ayame 2 reservoir provided valuable insights into the population dynamics of this species in an ecosystem subject to significant seasonal environmental stress, particularly related to eutrophication and hydrological fluctuations typical of tropical lake systems. The population’s size structure was dominated by intermediate size classes, notably the [10.5-12.5[ cm group, which accounted for nearly one-third of the sampled individuals. This high representation suggests active recruitment, indicating relatively favorable reproductive conditions and rapid early growth of juveniles. However, the low frequency of larger individuals (> 22.5 cm) is likely a consequence of size-selective fishing pressure. Larger fish are often preferentially targeted by fishers due to their higher commercial value, leading to their underrepresentation in the breeding stock. This pattern may also be exacerbated by chronic environmental stress observed in the lake. Indeed, the persistence of eutrophic conditions, particularly during the dry season, could negatively impact the longevity of larger individuals or inhibit their growth. Previous studies on tilapia populations in similar environments have demonstrated that excessive exploitation, combined with degraded environmental conditions, can lead to a reduction in the average size of the population, ultimately compromising its reproductive potential (Bwanika et al., 2006 ; Njiru et al., 2008).
The condition factor (K) of a fish is a direct indicator of its overall physiological state, reflecting influences from feeding, health status, reproductive activity, and environmental conditions. In this context, the observed monthly and size-class variations are particularly informative. The highest K values, reaching up to 1.90 in the [10.5-12.5[ cm size class indicate a phase of active growth among juvenile and subadult individuals. These peaks coincided with the wet seasons (May to July and October to November), during which water levels are elevated, environmental conditions are more stable, and planktonic productivity increases, resulting in greater food availability. Conversely, the lowest K values were recorded during the dry season (January to March and August to September), periods characterized by intense eutrophication, reduced dissolved oxygen, and elevated water temperatures. These environmental stressors likely reduce food availability and increase energy demands for survival, thereby diminishing body condition. This phenomenon is well documented in tropical aquatic systems, where cumulative effects of drought, pollutant concentration, and turbidity adversely affect fish physiology (Talling and Lemoalle, 1998 ; Komolafe and Arawomo, 2008). Notably, larger individuals (> 22.5 cm) consistently exhibited the lowest K values (0.01-0.11), which may reflect either an energy reallocation toward reproduction or a reduced feeding efficiency in degraded environments, particularly when prey availability or suitable foraging substrates are altered. The observed dynamics also appear to reflect an adaptive strategy of Oreochromis niloticus, a species known for its resilience and opportunistic behavior, capable of exploiting a wide range of ecological niches. The synchronization of peaks in body condition with periods of rising water levels suggests a reproductive strategy aligned with the reservoir filling phases, when environmental conditions are more favorable for spawning and larval growth. This pattern is consistent with findings from other tropical reservoirs, where tilapia species adjust their reproductive activity according to hydrological conditions (Cowx et al., 2004). However, the prolonged degradation of water quality may, over time, constrain this adaptive plasticity—particularly if extreme conditions become more frequent due to climate change or increasing anthropogenic pressures such as deforestation, agricultural runoff, and domestic waste discharge.

5. Conclusion


The findings of this study highlight a Oreochromis niloticus population that is dynamic yet ecologically vulnerable, inhabiting an ecosystem characterized by high seasonal variability. The size structure, dominated by intermediate classes, indicates active reproduction, though potentially constrained by size-selective fishing and environmental stressors. The condition factor (K) emerges as a sensitive indicator of the population’s health status, strongly influenced by seasonal patterns and disturbances associated with eutrophication.
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Fig. 1. Map of man-made lake Ayame 2 and the sampling sites
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Fig. 2. Temporal variation in the abundance of Oreoshromis niloticus individuals captured in Ayame 2
man-made lake
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Fig. 3. Temporal fluctuations in the condition factor (K) of Oreochromis niloticus
individuals captured in Ayame 2 man-made lake
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Fig. 4. Size-class distribution of Oreochromis niloticus abundance captured in Ayame
2 man-made lake
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Table. Condition factor (K) of Oreachromis nilticus abundance captured in Ayame 2 man-made lake
in relation to size class

Condition factor (K) (g/cm?)
Classes size (cm) __ Min Mean Max
6585 0.09 011 013
[85-10.5] 078 086 087
[10.5-12.5] 104 19 193
[125-14.5] 037 045 047
[145-16.5] 013 02 023
[16.5-18.5] 067 [k4] 074
[18.5-20 5 0.41 043 045
[205-225 052 059 06
[22524.5] 0.08 01 015
[245-26 5] 0008 001 0014

Min - Minimum ; Max - Maximum




