




Length-weight relationship and condition factor of the most abundant species in Sologo Dam Lake (Northern Ivory Coast) prior to its rehabilitation
[bookmark: _Toc184793722]Abstract

Reservoir lakes in northern Côte d’Ivoire support important fisheries that contribute to local livelihoods and food supply. However, increasing fishing pressure and changes in fish assemblage structure highlight the need for reliable biological information to support sustainable management. Baseline data on the size structure, length–weight relationships, and condition of dominant fish species in Sologo Dam Lake are particularly important before rehabilitation activities are undertaken. This study assessed the size structure, length-weight relationships, and condition factors of the most abundant fish species in Sologo Dam Lake, northern Côte d’Ivoire, before rehabilitation. Fish were sampled monthly from artisanal fishers’ catches from January to December 2022, identified, measured for standard length, and weighed. Five dominant species were examined: Chrysichthys nigrodigitatus, Coptodon zillii, Oreochromis niloticus, Sarotherodon galilaeus, and Hemichromis bimaculatus. Size-frequency distributions were dominated by relatively small individuals, with modal classes of [8.5–10 cm[, [9.25–10.20 cm[, [10.75–13.70 cm[, [8–10.04 cm[, and [7.66–8.52 cm[, respectively. Length-weight analysis showed positive allometric growth in C. nigrodigitatus (b = 3.37) and H. bimaculatus (b = 3.18), whereas C. zillii (b = 2.23), O. niloticus (b = 2.74), and S. galilaeus (b = 2.34) exhibited negative allometric growth. Mean condition-factor values were 1.920 ± 0.431, 3.641 ± 0.813, 3.975 ± 0.768, 3.222 ± 0.865, and 3.186 ± 0.530, respectively. These findings characterise the pre-rehabilitation status of the principal fish species and provide baseline information for subsequent assessment of changes in the Sologo reservoir and for fisheries management and conservation planning. The results also establish a quantitative reference point for evaluating biological responses after planned rehabilitation activities. 
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Inland waters are of immense importance for certain human activities, particularly domestic, agricultural, fishery, and industrial uses, hence their irreplaceable economic value (Gleick, 1993). Water is therefore regarded as an indispensable element for a country’s development, given its many benefits (Groga, 2012). The reservoir lakes in northern Côte d'Ivoire were initially created for agropastoral activities (Cecchi et al., 2007). However, over the years, these lakes have also come to play a crucial role in diversifying local economic activities, particularly through fishing, which helps to supply local populations with animal protein. This activity generates jobs, particularly through the processing and marketing stages of the fishery supply chain (Kien et al., 2017). However, habitat and ecosystem destruction and various forms of overexploitation resulting from human activity are degrading fish biodiversity (Dejoux, 1978). Several studies conducted on dam lakes in northern Côte d’Ivoire, such as Solomougou (Kouassi et al., 2020a), Dassoungboho (Kien et al., 2024), Sologo (Ndiaye et al., 2025), and Lôkpôhô (Koné et al., 2025), have shown variations in fish species composition among the lakes. Furthermore, Daget (1988) and Laë (1994) showed that overexploitation stems from high population growth, which drives increased demand for protein. This overexploitation could lead to changes in the structure of fish assemblages, resulting in the decline or even disappearance of species (Gourène et al., 1999). To address this issue, Gascuel (2009) proposed the ecosystem approach to fisheries as a powerful lever for transforming the sector's production and regulatory models. This ecosystem approach, which enables sustainable fishery management, applies the principles of sustainable development to the exploitation of resources and ecosystems (Koudou et al., 2020).
Implementing such an approach requires recent, reliable scientific data on the ecosystems in question. This approach relies on precise information regarding ecology, fish fauna composition, and exploitation levels in bodies of water and watercourses (Montchowui et al., 2008). The length-weight relationship and condition factor are parameters with various applications in fish biology and fisheries management (Da et al., 2018). This work is part of a series of studies aimed at establishing a database on the fish assemblages of the Korhogo reservoir lakes, which Koudou et al. (2020) identified as being overexploited. However, information on the size structure, length-weight relationships, and condition factors of the most abundant fish species in the Sologo reservoir prior to rehabilitation remains limited. It was conducted at the Sologo reservoir and aimed to characterise the lake's fish population prior to its rehabilitation, with the aim of providing fisheries managers with information to improve conservation planning for the fishery resources of the Korhogo lakes in general.
1. [bookmark: _Toc184793736]Materials and methods
2.1 Study site
The study site is the Sologo reservoir (Figure 1), located between 9°33′ N and 5°65′ W, 16 km from the town of Korhogo. It was selected for this study because of the importance of fishing as an activity there, the existence of commercial fish farming, and the density of the local population.
[bookmark: _Toc184793743]2.2 Data collection
The samples were obtained from the catches of fishermen operating on the Sologo reservoir. Sampling was conducted monthly from January to December 2022. Each sampling campaign involved artisanal fishermen and lasted six days. Nets and traps were set by the fishermen between 9:00 a.m. and 10:00 a.m. and retrieved the following day at 6:00 a.m. The fishermen's total catches, or samples taken from their crates or bags, were purchased, sorted, and identified using the keys provided by Paugy et al. (2003a, 2003b). Each specimen was subsequently measured (standard length) and weighed to the nearest gram.

2.3 Data analysis
[bookmark: _Toc184793750]2.3.1 Size structure
To examine the size structures of the species selected for this study, the standard lengths (SL) of individual specimens were grouped into size classes. The number and length of the size classes were determined using Sturge's rule (Scherrer, 1984), as shown below:
NC = 1+ (3,3 log10 n)
IC = 
NC = number of classes
IC = class interval
LSmax = maximum standard length of the fish
LSmin = minimum standard length of the fish. These size classes were then plotted on the x-axis. Histograms representing catch-size frequencies according to size classes (or size spectra) were produced.
[bookmark: _Toc184793751]2.3.2 Length-weight relationship
The length-weight relationship of the main species was determined using Le Cren’s (1951) formula: P = aLS^b,
where P = fish weight (g), LS = fish standard length (cm), a = constant, and b = allometric coefficient.
Logarithmic transformation of Le Cren’s (1951) formula yielded a linear relationship—log P = log a + b log LS—allowing the values of the parameters a and b to be determined.
The type of fish growth depends on the value of coefficient b, as shown below:
● b = 3: growth is described as isometric, meaning that weight increases in proportion to length; when b ≠ 3, growth is described as allometric.
● b < 3: the allometry is negative (or hypo-allometric), meaning that the fish grows in length faster than it gains weight.
● b > 3: the allometry is positive (or hyper-allometric), meaning that the fish gains weight faster than it grows in length.
[bookmark: _Toc184793519]2.3.3 Condition factor
For this study, Fulton’s condition factor (Bagenal, 1978) was used. In most fish, the body retains its initial proportions during growth following metamorphosis. The condition factor (K) serves as an indicator of a fish's physiological state in relation to its well-being (Jenyo-Oni et al., 2014). It is an expression of the length-weight relationship that provides an indication of the physiological condition of a given species in terms of its plumpness (Kartas & Quignard, 1984). The condition factor was determined using Fulton’s (1904) formula: K = (Pt / LS³) × 100
where Pt = total weight of the fish (fresh) in g; LS = standard length of the fish in cm.
3 = exponent of the length-size relationship or allometry coefficient (b).
[bookmark: _Toc184793752]2.3.4 Statistical analysis
Student's t-test was applied to the b value obtained for each species studied to determine whether the value differed significantly from 3. The null hypothesis of isometric growth (H0: b = 3) was tested using the statistic ts = (b – 3) / Sb, where Sb is the standard error of the slope (b) of the linear regression line.
If |ts| ≥ 1.96, then the difference is significant.
If |ts| < 1.96, then the difference is not significant.
The various tests were performed using Statistica 7.1 software.
2. [bookmark: _Toc184793755]RESULTS 
[bookmark: _Toc184793765]3.1 Size structure 
Figure 2 presents the size spectra of the different species. For Chrysichthys nigrodigitatus (N = 328), size-spectrum analysis showed values ranging from 7 to 20.3 cm, with a predominance of the [8.5–10 cm[ size class, which accounted for 28.38% of the population. Sizes ranging from 6.4 to 14.20 cm were measured for Coptodon zillii specimens (N = 149). The majority of individuals (38.92%) fell into the [9.25–10.20 cm[ size class. For Oreochromis niloticus (N = 129), sizes ranging from 7.8 to 17 cm were recorded; the [10.75–13.70 cm[ size class was the most represented for this species, accounting for 53.48% of the group. Sizes ranging from 8 to 13.8 cm were recorded for the 119 Sarotherodon galilaeus specimens, with a predominance of individuals in the [8–10.04 cm[ size class, representing 54.41% of the total. For Hemichromis bimaculatus (N = 99), sizes between 6.8 and 9.4 cm were recorded, with a predominance of the [7.66–8.52 cm[ size class (49.49%).

[bookmark: _Toc184793766]3.2 Condition factor
Table 1 presents the mean condition factor (K) values calculated for the species studied. The condition factor ranged from 1.049 to 5.659 throughout the study. For Chrysichthys nigrodigitatus, K ranged from 1.049 to 3.053, with a mean of 1.920 ± 0.431. For Coptodon zillii, K ranged from 1.587 to 5.253, with a mean of 3.641 ± 0.813. For Oreochromis niloticus, K ranged from 1.900 to 5.481, with a mean of 3.975 ± 0.768. For Sarotherodon galilaeus, K ranged from 1.793 to 5.659, with a mean of 3.222 ± 0.865. For Hemichromis bimaculatus, K ranged from 2.050 to 4.163, with a mean of 3.186 ± 0.530.
[bookmark: _Toc184793767]3.3 Length-weight relationship
For all specimens, length ranged from 6.4 to 20.3 cm, and weight ranged from 6 to 214 g (Table 1). Measurements for Chrysichthys nigrodigitatus ranged from 7 cm to 20.3 cm, with weights varying between 6 g and 214 g. Lengths for Coptodon zillii ranged from 6.4 to 14.2 cm, with weights varying from 11.48 g to 94 g.
For Oreochromis niloticus, lengths ranged from 7.8 cm to 17 cm, with weights ranging from 18 g to 107 g. For Sarotherodon galilaeus, lengths ranged from 8 cm to 13.8 cm, with weights ranging from 16 g to 82 g. Measurements for Hemichromis bimaculatus showed lengths ranging from 6.8 cm to 9.4 cm, with weights varying from 7 g to 26.41 g.
The length-weight relationship for the five selected species was determined (Table 2). The coefficient of determination (R² = 0.91) indicated a strong correlation between the length and weight of Chrysichthys nigrodigitatus. The results showed an allometric coefficient (b) of 3.37, which was significantly different from 3 (Student's t-test, |t| > 1.96).
Growth assessment revealed positive allometric growth. For Coptodon zillii, a correlation between length and weight was found, with a coefficient of determination of R² = 0.58. An allometric coefficient b of 2.23 was obtained, which was significantly different from 3 (Student’s t-test, |t| > 1.96). Growth assessment of Coptodon zillii indicated negative allometric growth.

The coefficient of determination (R² = 0.72) demonstrated a correlation between the length and weight of Oreochromis niloticus. The results showed an allometric coefficient b of 2.74, which was significantly different from 3 (Student's t-test, |t| > 1.96).
Growth assessment revealed negative allometric growth. A correlation between length and weight was found for Sarotherodon galilaeus, with a coefficient of determination of R² = 0.60. An allometric coefficient b of 2.34 was obtained, which was significantly different from 3 (Student’s t-test, |t| > 1.96).
Growth assessment of Sarotherodon galilaeus revealed negative allometric growth. The coefficient of determination (R² = 0.66) indicated a strong correlation between the length and weight of Hemichromis bimaculatus. The results showed an allometric coefficient (b) of 3.18, which was significantly different from 3 (Student's t-test, |t| > 1.96). Growth assessment indicated positive allometric growth.
3. [bookmark: _Toc184793768]DISCUSSION
Analysis of the size spectra of the species studied revealed the following modal classes: [8.5–10 cm[, representing 28.38% for Chrysichthys nigrodigitatus; [9.25–10.20 cm[, representing 38.92% for Coptodon zillii; [10.75–13.70 cm[, representing 53.48% for Oreochromis niloticus; [8–10.04 cm[, representing 54.41% for Sarotherodon galilaeus; and [7.66–8.52 cm[, representing 49.49% for Hemichromis bimaculatus. These ranges are similar to those obtained—and deemed low—by Kouassi et al. (2020b) for Lake Solomougou, located in the same geographical area. Consequently, the fish species in the Sologo reservoir are characterised by small-sized individuals. This situation, which may be linked to the small mesh sizes of the fishing gear used by fishers (Cissé et al., 2019), suggests high fishing pressure (Kien, 2016).
Analysis of the length-weight relationship for the five species studied in Lake Sologo showed that the values of coefficient b all fell within the range (2.2–3.5) indicated by Moreau (1979). The positive allometric growth (b > 3) observed in this study for Chrysichthys nigrodigitatus and Hemichromis bimaculatus indicated that these two species increased more in weight than in length.
The other species (Coptodon zillii, Oreochromis niloticus, and Sarotherodon galilaeus) exhibited negative allometry, meaning that they grew in length faster than they gained weight. Similar results were reported by Kouassi et al. (2020b) for the Solomougou reservoir, where negative allometry was observed for these same species (Coptodon zillii, Oreochromis niloticus, and Sarotherodon galilaeus). Regarding Chrysichthys nigrodigitatus, Kien et al. (2022) reported negative allometric growth (b = 2.76) for this species, a result that differs from that of the present study, which indicated positive allometric growth (b = 3.37). Similar positive allometric growth was observed for this species by Abobi and Ekau (2013) in the lower reaches of the White Volta River in Ghana (b = 3.45), by Ecoutin et al. (2005) in The Gambia (b = 3.25), and by Konan et al. (2007) in rivers of southeastern Côte d’Ivoire (b = 3.360). This variability in the regression coefficient b among aquatic environments could be due to environmental conditions (Baby et al., 2011; Ofori-Danson et al., 2002) and food availability (Pauly, 1994).
The results of this study yielded mean K values of 1.92 ± 0.431 (Chrysichthys nigrodigitatus), 3.641 ± 0.813 (Coptodon zillii), 3.975 ± 0.768 (Oreochromis niloticus), 3.222 ± 0.865 (Sarotherodon galilaeus), and 3.186 ± 0.530 (Hemichromis bimaculatus). Bagenal (1978) reported condition factor values ranging from 2.9 to 4.8 for mature freshwater fish. The values obtained for Coptodon zillii, Oreochromis niloticus, Sarotherodon galilaeus, and Hemichromis bimaculatus in the present study fall within this range, unlike those for Chrysichthys nigrodigitatus. The values recorded in the present study are higher than those reported by Aliko et al. (2010) for Coptodon zillii (1.32), Oreochromis niloticus (1.14), and Chrysichthys nigrodigitatus (0.97) in Lake Taabo. Le Cren (1951) indicated that the condition factor provides an indication of the relative heaviness of a given species. These three species therefore appear to be heavier in Lake Sologo than in Lake Taabo. K values are largely species-dependent (Kartas & Quignard, 1984). These differences may be associated with the reproductive cycle and seasonal variations in fish food abundance (Ikomi & Jessa, 2003). The presence of plants throughout the seasons in the Sologo reservoir would provide a food supply for fish, resulting in an increase in the condition factor (Veronika et al., 2018). In this regard, Aydın (2020) stated that food availability is one of the parameters influencing fish condition.

5. Conclusion
The study characterised the size structure, growth patterns, and condition factors of the five most abundant fish species landed from Sologo Dam Lake before rehabilitation. The catches were dominated by relatively small individuals. Chrysichthys nigrodigitatus and Hemichromis bimaculatus showed positive allometric growth, indicating a greater increase in weight than in length, whereas Coptodon zillii, Oreochromis niloticus, and Sarotherodon galilaeus showed negative allometric growth, with length increasing faster than weight. The reported mean condition factors were 1.920 ± 0.431, 3.641 ± 0.813, 3.975 ± 0.768, 3.222 ± 0.865, and 3.186 ± 0.530, respectively. Together, these results provide a quantitative description of the principal fish populations in the reservoir before rehabilitation. The dataset can serve as a baseline for comparing future changes in size structure, growth, and condition after rehabilitation and can support the development of management and conservation measures for fishery resources in the Sologo reservoir and other reservoirs in the Korhogo area. 

6. Limitations and future research
This study was limited by the absence of additional sampling through experimental fishing. Nets and traps can influence the size of the specimens collected. Future research should provide additional data on the impact of reservoir rehabilitation on the biology and ecology of these species.
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[bookmark: _Toc178753639]Figure 1: Location of the Sologo reservoir (Source: Google Earth 2024)





























	

Figure 13 : Spectres de tailles de quelques espèces de poissons échantillonnées à Sologo.









Figure 2. Size spectra of several fish species from the Sologo reservoir.
CNI : Chrysichthys nigrodigitatus ; CZI : Coptodon zillii ; ONI : Oreochromis niloticus ; SG : Sarotherodon galilaeus ; HBI : Hemichromis bimaculatus




[bookmark: _Toc174740670]Table 1. K-condition factor of the five main fish species landed at the Sologo reservoir from January 2022 to December 2022.
	Species
	Longueur (cm)
	Poids (g)
	K

	
	Min-Max
	Min-Max
	Min-Max
	Moy

	Chrysichthys nigrodigitatus
	7-20,3
	6-214
	1,049-3,053
	1,920 ± 0,431

	Coptodon zillii
	6,4-14,2
	11,48-94
	1,587-5,253
	3,641 ± 0,813

	Oreochromis niloticus
	7,8-17
	18-107
	1,900-5,481
	3,975 ± 0,768

	Sarotherodon galilaeus
	8-13,8
	16-82
	1,793-5,659
	3,222 ± 0,865

	Hemichromis bimaculatus
	6,8-9,4
	7-26,41
	2,050-4,163
	3,186 ± 0,530


Min = minimal    Max = maximal     Moy = moyenne
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Table 2. Growth parameters and growth patterns of the main species caught in the Sologo reservoir from January 2022 to December 2022
	Species
	N
	a
	b
	Sb
	R²
	|ts|
	A

	Chrysichthys nigrodigitatus
	328
	0,00084
	3,37
	0,059
	0,91
	6,27
	A+

	Coptodon zillii
	149
	0,00020
	2,23
	0,008
	0,58
	96,25
	A-

	Oreochromis niloticus
	129
	0,00031
	2,74
	0,008
	0,72
	32,50
	A-

	Sarotherodon galilaeus
	119
	0,00023
	2,34
	0,013
	0,60
	50,77
	A-

	Hemichromis bimaculatus
	99
	0,00053
	3,18
	0,008
	0,66
	22,50
	A+


N = number of individuals; a = constant; b = allometric coefficient; R² = coefficient coefficient of determination; ts = Student's t-test; Sb = standard error of the slope b; A+ = positive allometry; A- = negative allometry
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