


Reproductive biology of Oreochromis niloticus (Linnaeus, 1758)
in the Zienkôlô dam lake (Korhogo, Côte d’Ivoire)


 Abstract
The reproductive biology of Oreochromis niloticus was investigated in the Zienkôlô dam lake, northern Côte d’Ivoire, from December 2024 to November 2025. A total of 351 specimens, comprising 129 females and 222 males and ranging from 6.5 to 22.5 cm in total length, were examined. Sex ratio, size at first sexual maturity, gonadosomatic index (GSI), hepatosomatic index (HSI), condition factor (K), and monthly changes in female sexual maturity stages were assessed. Males were more numerous than females, with an overall male-to-female ratio of approximately 1:0.58, and the sex distribution differed significantly from the theoretical 1:1 ratio (χ² = 24.64; p < 0.05). The estimated size at first sexual maturity was 11.81 cm total length for females and 14 cm for males, indicating that females attained maturity at a smaller size. Six stages of female sexual maturity were observed during the annual sampling period. Monthly variation in maturity stages and GSI indicated reproductive activity throughout the year. Mean GSI values showed pronounced peaks in May (3.88 ± 1.48) and October (3.36 ± 8.18), while the lowest values occurred in December and November. HSI varied broadly in parallel with GSI, whereas the condition factor varied among months. These findings provide baseline information on the reproductive characteristics of O. niloticus in the Zienkôlô dam lake for subsequent population assessment and fisheries management.
Keywords : Cichlidae, Oreochromis niloticus, reproduction, Zienkôlô Dam Lake
1. Introduction
The Zienkôlô dam lake is one of the 270 dam lakes built in Côte d’Ivoire since 1970. These various lakes were constructed to address the need to combat the effects of drought and to support agro-pastoral activities (Le Guen, 2002; Aka-Koffi, 2003). These artificial reservoirs now serve as potential fishing grounds, provide drinking water, and contribute to the hydrological regulation of the territories (Cecchi, 2007). Since its creation, very few studies have been conducted on this lake. Fishing takes place there, and the catch supplies the markets of the city of Korhogo. Among the species caught in this dam lake is the cichlid Oreochromis niloticus (Linnaeus, 1758). This species is of significant economic interest. However, almost no studies have examined its biology and ecology. The sustainable exploitation of fishery resources requires a sound understanding of their biology, specifically the growth and reproduction of individuals within a population. Certain reproductive parameters, such as size at first sexual maturity, variation in the gonadosomatic index, and fecundity, allow reproduction to be better characterised by indicating the spawning period and strategy (Abdalla et al., 2024). Size at first sexual maturity in fish plays a key role in determining minimum catch sizes and regulating fishing-net mesh sizes (Chikou, 2006). Recent studies on Nile tilapia in African inland waters have similarly used sex ratio, gonadosomatic index, fecundity, and breeding season to describe reproductive patterns relevant to fisheries management (Abdalla et al., 2024; Wagaw et al., 2024). Likewise, size at first maturity and condition-related metrics have been used to assess O. niloticus populations across contrasting lake environments (Mutie et al., 2024; Nkanta et al., 2025). Recent lake-based studies have also reported population-specific reproductive patterns for O. niloticus, supporting the value of site-specific reproductive information (Handago et al., 2024). Within this context, the present study aimed to determine certain reproductive parameters of Oreochromis niloticus in the Zienkôlô dam lake.
2. Materials and Methods 
2.1 Study Area
The Zienkôlô dam lake (Figure 1) is an artificial body of water created in the 1970s in northern Côte d’Ivoire to support agricultural activities during periods of drought (Le Guen, 2002). It is located in the village of Zienkôlô, in northern Côte d’Ivoire, in the Korhogo Department (Poro Region). The lake is located approximately at 9°29′16″ N and 5°49′35″ W, within a Sudanian landscape characterised by an alternation between a long dry season and a short rainy season.
[image: ]
Figure 1 : Overview of the study area

2.3 Sampling and measurement of reproductive parameters
Monthly sampling was conducted from December 2024 to November 2025. The specimens obtained through artisanal fishing were caught using gillnets and cast nets. A total of 351 specimens were examined and identified using the identification key of Lévêque et al. (1992). For each specimen, the following were recorded: standard length and total length to the nearest millimetre; total weight and gutted weight to the nearest gram; gonad and liver weights to the nearest decigram; and sex and macroscopic sexual maturity stage, based on Fontana (1969). Reproductive parameters, specifically sex ratio (SR), size at first sexual maturity (L50), gonadosomatic index (GSI), hepatosomatic index (HSI), and condition factor (K), were then determined. The chi-squared (χ²) test was used to compare the sex ratios for the different months and seasons with the theoretical sex ratio (1:1).
Sizes at first maturity were compared between sexes using Statistica version 7.1 software.
· Sex ratio (SR)
The sex ratio makes it possible to assess the demographic structure and reproductive biomass of a given stock. It defines the relative proportion of the sexes (male and female) within a population. The sex ratio provides information on the balance of sexes within a population (Kartas & Quignard, 1984). It is expressed as follows:
 
SR: sex ratio; M: number of males; F: number of females;
· Size at first sexual maturity (L50)
The size at first sexual maturity makes it possible to estimate the fraction of the stock that is harvested before reproducing at least once and that, therefore, will not contribute to stock renewal (Domain et al., 2000). It is also defined as the size at which 50% of individuals in a population are sexually mature during the breeding season.
The L50 was determined by grouping the sampled individuals by sex and size class.
Next, the proportion of mature individuals in each size class was determined.
All individuals with gonads at stage III or higher were considered mature.
Size-proportion pairs for mature individuals were fitted to a sigmoid-type logistic curve (Amenzoui, 2010), the mathematical expression of which is as follows:
P = 1 / (1+e-(a+b*Lt)) ;            
L50 = - ;
P = Proportion of mature individuals by size class
Lt = Total length
a and b = constants.
· Gonadosomatic index (GSI)
The gonadosomatic index (GSI) is the primary weight-based criterion for characterising the developmental stages of sexual maturation in fish. A relatively high GSI value reflects an advanced stage of gonadal maturation, whereas relatively low values indicate a state of sexual quiescence or immaturity (Boussou, 2013). Thus, the gonadosomatic index can be used to determine spawning periods during a species' sexual cycle (Boussou, 2013). Its mathematical formula is as follows:
 ;
Pg: gonad weight in g;
Pev: eviscerated fish weight in g.
· Hepatosomatic index (HSI)
In fish, oogenesis and spermatogenesis require a significant amount of energy, which fish store primarily in the liver in the form of lipids. Variations in liver weight are influenced by the reproductive status of the fish (Konan, 2013). The HSI is calculated as follows:
;
Pf: liver weight in g;
Pev: gutted fish weight in g.
· Condition factor (K)
The condition factor (K) reflects the fish's body condition in relation to the influence of ecological and physiological factors. It provides information on the storage of reserves required for gametogenesis (Fehri-Bedoui et al., 2002).

P: weight of the fish in g
Lt: total length of the fish in cm.
3. Results and Discussion
3.1 Sex ratio
Of the 351 specimens examined, 222 males and 129 females were identified. Males were more numerous than females. The sex ratio (males:females) of this population was 1:0.74, i.e., 0.74 females per male (Table 1). This sex ratio was significantly different from the theoretical 1:1 sex ratio (χ² = 24.64; p < 0.05). With regard to monthly variation, the sex ratio was male-biased throughout the year, except in March (χ² = 3.66; p > 0.05). Seasonal variation in the sex ratio indicated a predominance of males in both seasons. There was a significant difference between the numbers of females and males in both the dry season (χ² = 8.53; p < 0.05) and the rainy season (χ² = 17.55; p < 0.05).
Table 1: Monthly and seasonal variations of  sex proportion and sex ratio of  O. niloticus caught in Lake Zienkolo, Côte d’Ivoire.
* : significant difference.
	Month

	Number of Females
	Number of males
	Total
	Sex-ratio M:F
	X2

	December 2024
	14
	23
	37
	1 : 0.6
	2.19

	January 2025
	9
	14
	23
	1 :0.64
	1.08

	February 2025
	25
	23
	48
	1 :1.08
	0.08

	March 2025
	22
	11
	33
	1 : 2
	3.66

	April 2025
	6
	31
	37
	1 : 0.19
	16.89*

	May 2025
	13
	36
	49
	1 :0.36
	10.79*

	June 2025
	22
	47
	69
	1 :0.46
	9.05*

	July 2025
	2
	11
	13
	1 :0.18
	6.23*

	August 2025
	4
	14
	18
	1 :0.28
	5.55

	September 2025
	2
	3
	5
	1 :0.66
	0.2

	October 2025
	10
	9
	19
	1 :1.11
	0.05

	November 2025
	3
	5
	8
	1 :0.6
	0.5

	TOTAL
	129
	222
	351
	1 :0.74
	24.64*

	Dry season
	78
	119
	197
	1 :0.5
	8.53*

	Rainy season
	51
	103
	154
	1 :0.5
	17.55*


The sex ratio of the entire Oreochromis niloticus population was 1:0.74. This result indicated a predominance of males over females. Seasonal variation revealed a predominance of males in both the dry and rainy seasons. This result could be explained by the fact that several factors, such as differential growth, movement associated with foraging, and sex-specific mortality rates, influence the sex ratio in fish (Sylla et al., 2008). The male-biased sex ratio in Cichlid populations of the African Great Lakes could also be explained by their faster growth rate compared with females (Atsé et al., 2009). The male-biased sex ratio could also be explained by the fact that, as O. niloticus is a mouth-brooding species, the lack of food during the breeding season may force breeding adults to remain largely sedentary in areas where capture is difficult. Djadji et al. (2013) and Poulet (2004) also noted that the predominance of one sex is a phenomenon frequently encountered in many teleost fish species. The result obtained in the present study is consistent with that obtained by Akonkwa et al. (2016) in Lake Kivu, Congo. These authors found a sex ratio (1.67:1) biased towards males in the same species. Kidari (2023) also observed a male predominance in O. niloticus, with 61.36% of the population being male, in the Tlemcen region of Algeria.
3.2 Size at first sexual maturity and monthly variation in sexual maturity stages
The size at first sexual maturity observed in O. niloticus was 11.81 cm for females (Figure 2) and 14 cm for males (Figure 3). Females reached sexual maturity at a smaller size than males. 









This size difference was not statistically significant (χ² = 0.16; p > 0.05). The smallest mature individuals recorded measured 11 cm for females and 13.5 cm for males.
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Figure 2: Progression of sexual maturity in relation to length (Lt) in female O. niloticus from the Zienkôlô dam lake.
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Figure 3: Progression of sexual maturity in relation to length (Lt) in male O. niloticus from the Zienkôlô reservoir.

Six stages of sexual maturity were observed in females in varying proportions throughout the year (Figure 4). Stage I females were present in the samples during December, January, February, and November. Stage II females were present in the samples in December, January, February, June, October, and November. Stage III was absent from the samples in May, July, August, November, and December. Stage IV individuals were also absent from the catches during July, September, November, and December. Stage V females appeared in the catches only from February to June and in August, whereas Stage VI individuals were encountered from February to August.

Figure 4: Changes in sexual maturity stages of female O. niloticus from the Zienkôlô dam Lake.
The size at first sexual maturity (L50) of Oreochromis niloticus in the Zienkôlô reservoir lake was 14 cm (total length) for males and 11.81 cm (total length) for females. This result indicated that females reached sexual maturity before males. Differences in size at maturity among individuals may depend on several factors, such as anthropogenic activities (overfishing), biological and/or ecological environmental factors, and energy allocation for gamete production (Koné et al., 2011). Similar results were obtained by Dhraïef et al. (2010) in the geothermal waters of southern Tunisia. The determined size at first sexual maturity (Lm50) was 11.3 cm for females and 12.5 cm for males. These authors observed that female O. niloticus reached sexual maturity at a smaller size than males. In contrast, Akonkwa et al. (2016) found that male O. niloticus reached the size at first maturity before females in Lake Kivu, Congo. The size at first sexual maturity was 13.7 cm for males and 15.8 cm for females. Atsé et al. (2009) reported that males of the Cichlidae Tylochromis jentinki reached sexual maturity earlier than females in the Ébrié Lagoon (Côte d’Ivoire). The sizes at first sexual maturity were estimated at 11.8 cm and 12.6 cm for males and females, respectively. The variability in size at first sexual maturity from one biogeographic zone to another could depend on food availability as well as the physicochemical conditions of the environment. This difference in size can also be explained by the ability of breeding individuals to adapt to environmental factors, namely temperature, salinity, and food resources (Poulet, 2004).
3.3 Gonadosomatic index (GSI) and reproductive period
The variation curve of the gonadosomatic index (GSI) followed a sawtooth pattern and exhibited two peaks (Figure 5). The highest GSI values were observed in May (3.88 ± 1.48) and October (3.36 ± 8.18).
These monthly variations indicated that Oreochromis niloticus in the Zienkôlô dam lake generally reproduced during May and October, with greater intensity during the main rainy season, specifically in May. The minimum GSI values were observed in December (0.14 ± 0.08) and November (0.25 ± 0.22).

Figure 5: Monthly variations in the gonadosomatic index (GSI) of female O. niloticus from the Zienkôlô dam lake.
Monthly analysis of the gonadosomatic index (GSI) and sexual maturity stages made it possible to examine the reproductive patterns of Oreochromis niloticus throughout the year. O. niloticus in the Zienkôlô dam lake exhibited year-round reproduction. The highest mean GSI values were observed in May and October, with respective values of 3.88 ± 1.48 and 3.36 ± 8.18. Similar results were observed by Atsé et al. (2009) in the Cichlidae Tylochromis jentinki in Ébrié Lagoon (Côte d’Ivoire). These authors observed that the spawning period of T. jentinki extended throughout the year, with a more pronounced peak from October to November, the period during which the highest proportions of females at Stages IV and V were recorded. A second peak of lower amplitude occurred in April.
3.4 Hepatosomatic index (HSI) and condition factor (K)
The monthly variation in the HSI was similar to that of the GSI. The HSI curve followed a sawtooth pattern and varied in the same direction as the GSI curve (Figure 6). The HSI reached its maximum values in May and October, at 1.6 ± 0.66 and 1.8 ± 0.59, respectively. The minimum HSI value was recorded in June (0.7 ± 0.17).

Figure 6: Monthly variations in the gonadosomatic index (GSI) of female O. niloticus from the Zienkôlô dam lake.

Figure 7 illustrates the variation in the condition factor of female O. niloticus. The maximum value of the condition factor (K) was observed in December (2.07 ± 0.17), while the lowest values were recorded in June (1.78 ± 0.18), July (1.52 ± 0.02), and October (1.7 ± 0.25).

Figure 7: Condition factor (K) of female O. niloticus from the Zienkôlô reservoir.
Comparison of the monthly variation curves for the GSI and HSI showed that these two indices varied synchronously. The peak of the GSI coincided with that of the HSI. The increase in liver weight was linked to the increase in reproductive activity. This result indicates that O. niloticus is a fatty fish. It stores energy reserves in the muscles, perivisceral mesenteries, and under the skin. These reserves are then transferred to the liver and gonads to meet energy requirements during the reproductive period, which accounts for the low condition factor observed during this period (Djadji et al., 2013).
4. Conclusion
This study characterised key reproductive features of Oreochromis niloticus in the Zienkôlô dam lake over an annual sampling cycle. The sampled population contained more males than females, and the overall sex distribution differed significantly from the theoretical 1:1 ratio. Females attained the estimated size at first sexual maturity at 11.81 cm total length, whereas males attained maturity at 14 cm. Monthly changes in female maturity stages and the gonadosomatic index indicated reproductive activity throughout the year, with comparatively greater activity in May and October. The hepatosomatic index showed a broadly similar temporal pattern, while the condition factor varied among months. Together, these observations provide baseline information on the temporal reproductive pattern and maturity characteristics of Nile tilapia in this reservoir. The findings may support subsequent assessments of population dynamics and local fishery management. However, recommendations concerning minimum capture size or fishing-gear selectivity should be based on additional population-level and gear-selectivity evidence rather than on the present reproductive observations alone.
Limitations 
Sampling covered a single annual cycle, and specimens were obtained through artisanal fishing using gillnets and cast nets. Accordingly, the findings describe the reproductive characteristics of the sampled population and period rather than long-term interannual variability. The study focused on sex ratio, size at first maturity, GSI, HSI, maturity stages, and condition factor; therefore, additional population-level and gear-selectivity evidence would be required before specific management thresholds are established.
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RGS(moy)	0.08	1.23	1.68	1.47	1.57	1.48	1.77	1.89	1.22	3.14	8.18	0.22	0.08	1.23	1.68	1.47	1.57	1.48	1.77	1.89	1.22	3.14	8.18	0.22	déc-24	janv-25	fev-25	mars-25	avr-25	mai-25	juin-25	juil-25	août-25	sept-25	oct-25	nov-25	0.14599999999999999	0.79	1.8	2.39	2.08	3.88	2.63	1.69	1.28	2.87	3.36	0.25	
RGS (moy)



RHS(moy)	0.44	0.46	0.4	0.45	0.38	0.66	0.17	0.26	0.35	1.25	0.59	0.23	0.44	0.46	0.4	0.45	0.38	0.66	0.17	0.26	0.35	1.25	0.59	0.23	déc-24	janv-25	fev-25	mars-25	avr-25	mai-25	juin-25	juil-25	août-25	sept-25	oct-25	nov-25	1.24	1.43	1	1.52	1.53	1.6	0.7	1.07	1.5	1.57	1.8	1.38	
RHS (moy)




K(moy)	0.17	0.12	0.14000000000000001	0.2	0.08	0.16	0.18	0.02	0.16	0.43	0.25	0.12	0.17	0.12	0.14000000000000001	0.2	0.08	0.16	0.18	0.02	0.16	0.43	0.25	0.12	déc-24	janv-25	fev-25	mars-25	avr-25	mai-25	juin-25	juil-25	août-25	sept-25	oct-25	nov-25	2.0699999999999998	1.86	1.96	1.89	1.81	1.8	1.78	1.52	1.81	1.89	1.7	1.83	
K (Moy)
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