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ABSTRACT  

Chrysichthys nigrodigitatus is one of the species exhibiting opportunistic feeding behaviour around floating cages used for 

tilapia rearing. The aim of this study was to assess, for the first time, the impact of floating cage aquaculture on growth and 

exploitation parameters of Chrysichthys nigrodigitatus in Lake Kossou. A total of 864 specimens males and females were 

caught from April to September 2023 near sixty floating cages during tilapia feeding. The fish were weighed and then 

measured to determine growth and operating parameters using FISAT II software. The allometry coefficient greater than 3 

for both sexes indicate a positive allometry growth in C. nigrodigitatus. No significant difference was observed between 

the condition factor in males and females. The growth coefficient shows that C. nigrodigitatus specimens grow faster than 

the asymptotic length. Exploitation parameters indicate a short lifespan (2.3 years), fishing mortality (0.40 yr⁻¹) lower than 

natural mortality (1.89 yr⁻¹) and a lower exploitation rate (0.17) of C. nigrodigitatus in the cage fish farming area. This 

study showed that C. nigrodigitatus is presumed to be under-exploited around the floating cages on Lake Kossou. 

Keywords: Chrysichthys nigrodigitatus, Exploitation parameters, Floating cages, Lake Kossou, Length-weight. 

INTRODUCTION 

Cage aquaculture is developing in response to the growing 

demand for aquatic products (Tacon and Halwart, 2007). 

To optimize production, cages can be used to grow fish at 

high stocking densities per unit volume. Due to land 

scarcity and climate change, Nile tilapia (Oreochromis 

niloticus) farming in floating cages in lagoons and lakes 

alongside artisanal fishing, is becoming more prevalent in 

Côte d'Ivoire (Nobah et al., 2008; Yoboué et al., 2018). 

The production of fish in floating cages helps enrich the 

farming area with organic matter, usually consisting in feed 

residues and compounds that come from captive fish's 

metabolism (Gorlach-Lira et al., 2013; Olapoju et al., 

2014). Indeed, pellet feed is manually distributed to fish 

during cage farming using devices designed to prevent 

pellets from exiting the cages. Despite taking precautions, 

pellet losses are still observed while feeding (Aas et al., 

2011; Dempster et al., 2011). These feed residues and other 

organic matter from the cage nets contribute to the 

development of macroinvertebrates (Yoboué et al., 2018). 

The presence of these residues as a food source attracts 

specific fish species (Sanchez-Jerez et al., 2011; Uglem et 

al., 2014), including Pellonula leonensis, Coptodon zilli, 

and the silver catfish Chrysichthys nigrodigitatus 

(Lacepède), to the cages, leading to an increase in the 

amount of fish resources in this floating cage fish farming 

area. The abundance of fish has prompted fishermen to 

heavily exploit the affected areas. 

The silver catfish, commonly known as Chrysichthys 

nigrodigitatus, inhabits both freshwater (Ama-Abasi et al., 

2021) and brackish waters of Africa. This species is found 

in both freshwater and brackish waters in Côte d'Ivoire and 

is caught in inland fisheries (Aboua et al., 2010). 

Chrysichthys nigrodigitatus, known for its insectivorous 
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diet in lake Kossou (Ouattara et al., 2024), is one of the 

opportunistic feeding species found around floating cages 

(Ameworwor et al., 2019). This species' growth can be 

influenced by the physicochemical composition of the 

water and the quality of natural food available in the 

environment, just like other species. Quantitative 

parameters such as the length-weight relationship, 

condition factor, recruitment, and fish mortality are 

important indicators for fish stock management (Lizama et 

al., 2002 ; Lederoun et al., 2018). The length-weight 

relationship can be used to predict a fish's weight when its 

length is known, or vice versa (Froese et al., 2014). In fish, 

the condition factor reflects information about the fish's 

physiological state and its well-being (Ighwela et al., 2011 ; 

Seher and Suleyman, 2012). This biological indicator can 

be affected by a number of factors, including stress, sex, 

spawning season, food availability, and water quality 

parameters (Khallaf et al., 2003). Condition factors can be 

used to compare populations living in different 

environmental conditions (Wootton, 1990; Anyanwu et al., 

2007). It is therefore an important indicator for 

understanding the life cycle of fish species, and can be used 

for their proper management (Lizama et al., 2002).  

Despite its importance in inland fisheries, data on the 

biology of Chrysichthys nigrodigitatus are limited to 

specific bodies of water (Bedia et al., 2017), with almost no 

information available for specimens caught in the Bandama 

River. In order to improve our understanding of this 

species' life cycle and optimise its management, it is 

important to have reliable data on its biological and 

ecological parameters. The present study was conducted to 

acquire data on the growth and exploitation parameters of 

C. nigrodigitatus around floating cages in the Kossou Dam 

Lake. The overall objective was to evaluate the impact of 

fish farming in floating cages on the growth and 

exploitation parameters of C. nigrodigitatus in Lake 

Kossou. 

MATERIAL AND METHODS 

Study area and data collection 

The study was conducted on the Kossou hydroelectric dam 

Lake, located at an altitude of 203 m in central Côte 

d'Ivoire, between 6° 58’ and 8° 08’ North latitude and 5° 

27’ and 5° 45’ West longitude (Koné et al., 2022). The 

Kossou dam Lake was built on the Bandama River in 1971 

and covers an area of 1700 km². Specimens of C. 

nigrodigitatus were caught from April to September 2023 

near the floating cages (Figure 1) used for pre-growing and 

growing Nile tilapia (Oreochromis niloticus), which were 

fed a floating extruded feed. Catches were made daily at 

feeding time using a circular dip net with a diameter of 1 m 

and a mesh size of 14 mm. After being caught, the C. 

nigrodigitatus specimens were sexed by visual examination 

of the urogenital papilla to determine the sex ratio, which is 

the ratio of the number of females to that of males (Kareem 

et al., 2019). The sex ratio will be expressed as the number 

of males per female (F:M). Standard length (Ls) and 

individual weight were then measured using a ichtyometer 

and a SARTORIUS scale (capacity 3100 g, accuracy 0.01 

g), respectively. 

 

 

 

 

Figure 1. Map of Chrysichthys nigrodigitatus capture zone on the Kossou dam Lake. 
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Measurement of physico-chemical parameters of the 

water of the lake  

The physicochemical characteristics of the water in the fish 

capture area were measured once per day prior to the initial 

feeding. Temperature and oxygen levels were measured 

using an oxythermomer (Extech DO700 model). pH, nitrate 

(NO3
−), nitrite (NO2

−), and ammonium (NH4
+) 

concentrations were measured twice a week using specific 

colorimetric kits (JBL PROAQUATEST COMBISET 

POND). 

Determination of the Size Classes of Chrysichthys 

nigrodigitatus Specimens 

The number of size classes (k) per sex was determined 

according to Sturge (1926) using the following formula: 

k = 1 + (3.332 × log10(n)), where n = the total number of 

individuals. 

The size class interval (SC) was determined using the 

following formula: 

SC = (Ls max - Ls min) / k, where Ls max is the maximum 

Ls and Ls min is the minimum Ls. 

Determination of the length-weight relationship 

The length-weight relationship was determined using the 

formula P = a × Lsb, where P and Ls represent, 

respectively, the weight in grams and the standard length in 

centimeters of the fish (Ricker, 1973; Froese, 2006). A 

logarithmic transformation of the relationship equation was 

performed in the form Log P = Log a + b × Log Ls to 

graphically determine a and b values. The constant a is the 

environmental factor describing the rate of change of 

weight with length, while b is the species-specific factor, 

the slope of the regression line (weight per unit length). 

When the value of b is equal to 3, growth is isometric. If b 

is greater than 3, fish become heavier, showing positive 

allometric growth reflecting optimal living conditions. 

Growth is described as negative allometric when fish 

become lighter as they increase in length; in this case, b is 

less than 3 (Moslen and Miebaka, 2017). 

Determination of the condition factor 

The Fulton condition factor was calculated using the 

following formula (Gomiero and Braga, 2005): Fc = 100 × 

P/Lsb 

With P the weight of the fish in g grams, Ls the standard 

length in centimeters, and b the allometric coefficient 

derived from the length-weight relationship. 

Determination of growth parameters 

To estimate the growth parameters, the asymptotic length 

(L∞) and the growth coefficient (K), the Von Bertalanffy 

growth equation (Gayanilo et al., 2002) was used:  

Lt = L∞ × (1 – e-K(t-to)), where Lt = fish length at time t 

(cm), L∞ = asymptotic length (cm), the length the species 

could reach if it continues to live and grow indefinitely, K 

= growth coefficient or growth rate characterizing the rate 

at which the species grows towards L∞ (yr⁻¹), and to = 

theoretical age of the fish at zero size (yr). 

The theoretical age t0 was obtained from the Pauly equation 

(Pauly, 1980): 

Log10 (-t0) = -0.392 - 0.275 Log10 L∞ - 1.038 log10 K 

The growth performance index (Ø’) was evaluated using 

the values of L∞ and K from the formula proposed by 

Pauly and Munro (1984): Ø’ = Log10 K + 2 Log10 L∞ 

The approximate maximum lifespan (Tmax) was calculated 

according to the Pauly and Munro equation (1984) : Tmax 

= 2.9957 / K 

Determination of exploitation parameters 

Exploitation parameters such as total mortality (Z), natural 

mortality (M), fishing mortality (F), and the exploitation 

rate (E) of C. nigrodigitatus around floating cages in Lake 

Kossou were determined. A stock is considered lightly 

exploited when E is less than 0.5, according to which stock 

exploitation is optimal when F = M (or E = 0.5) (Gulland, 

1971). The exploitation rate is obtained using the formula: 

E = F / Z, where Z = F + M (Sparre and Venema, 1996). 

Data analysis 

The KHI-2 test was used to determine whether the 

proportion of males and females in C. nigrodigitatus 

specimens deviated significantly from the expected sex 

ratio (1:1). Levene's test and the Shapiro-Wilk test were 

used to verify the homogeneity of variances and the 

normality of the distribution of weight and condition factor 

values in males and females, respectively. A Student's t-test 

was used to compare the means of the weight and condition 

factors, and then to verify whether the allometry coefficient 

(b) differed from 3. All tests were performed using 

Statistica 12.0 software, with a significance level of 0.05 

applied. The growth and exploitation parameters were 

determined using the FISAT II (FAO ICLARM Stock 

Assessment Tool II) software version 1.2.2. 

RESULTS AND DISCUSSION  

During the collection period, the average temperature was 

29.32 ± 0.68°C, the oxygen concentration was 6.27 ± 0.93 

mg/L, the average pH was 7.95 ± 0.35, and the average 

concentrations of NO3
−, NO2

−, and NH4
+ were 0.36 ± 0.20 

mg/L, 0.08 ± 0.04 mg/L, and 0.05 ± 0.01 mg/L, 

respectively (Table 1). A total of 864 specimens, including 

359 females and 505 males, were captured, resulting in a 

sex ratio (F:M) of 1:1.4 in favor of males. This ratio differs 

significantly from the expected sex ratio (1:1) (χ² = 24.6, 

d.f. = 1, p < 0.05). The weight of males ranged from 33 g to 

1800 g, with a mean of 255.6 ± 232.9 g, and that of females 

ranged from 49 g to 1982 g, with a mean of 240.4 ± 203.5 g 

(Table 2). Overall, no significant difference was observed 

between the weights of males and females (Student's t-test, 

tcal = 0.99, d.f. = 862, p > 0.05). The standard length ranged 

from 11.5 to 49 cm for males and from 11 to 47.5 cm for 
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females. The average recorded sizes were 22.8 ± 5.5 cm 

and 22.3 ± 5.3 cm, respectively. The size distribution was 

unimodal in both sexes (Figure 2), with the modal classes 

of 18.3 - 21.7 cm and 16.9 - 20.3 cm for males and females, 

respectively. In males, sizes between 14.9 and 25 cm 

represented 73.3% of the catch, while in females the 

majority of catches (67.7%) were between 16.9 and 27 cm. 

 

 

Table 1. Physico-chemical parameters of the waters at the study area. 

 

Parameters Min Max Mean ± SD 

T (°C)                        28                    30.5              29.32 ± 0.68 

O2 (mg.L-1)   5 7.8 6.27 ± 0.93 

pH                        7.5 8.5 7.95 ± 0.35 

NO3
− (mg.L-1)    0.1                      1 0.36 ± 0.20 

NO2
− (mg.L-1)      0.02     0.15 0.08 ± 0.04 

NH4
+ (mg.L-1)      0.02    0.1 0.05 ± 0.01 

 

 

Table 2. Weights and standard lengths (min, max and mean ± SD) of males and females.  Chrysichthys nigrodigitatus 

captured around floating cages. 

 

Sexes Weight (g) Standard lengths (cm) 

Min Max Mean ± SD Min Max Mean ± SD 

Males 33 1800 255.6 ± 232.9 11.5 49 22.8 ± 5.5 

Females 49 1982 240.4 ± 203.5 13.5 47.5 22.3 ± 5.3 

 

 

Figure 2. Length class distribution in specimens of Chrysichthys nigrodigitatus caught around floating cages on Kossou 

dam lake. 

The values of b and the correlation coefficient (r) were respectively 3.04 and 0.96 for males, and 3.05 and 0.98 for females 

(Figure 3). The value of b obtained for both sexes was significantly greater than 3 (Student's t-test, tcal = 34.53, d.f. = 504, p 

< 0.05 and tcal = 35.79, d.f. = 358, p < 0.05, respectively for males and females). 
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Figure 3. Weight-length relationship in specimens of Chrysichthys nigrodigitatus caught around floating cages on Kossou 

dam lake 

The mean condition factor was 1.54 ± 0.10 in males and 1.55 ± 0.08 in females. No significant difference was observed for 

this parameter between the two sexes (Student's t-test, tcal = 1.43, d.f. = 862, p > 0.05). The asymptotic length (L∞) and the 

growth coefficient (K) were 47.82 cm and 1.3 yr⁻¹, respectively, while the growth performance index (Ø’) was 3.47 cm 

with a fitting index of 0.39 (Figures 4 and 5). The theoretical age of the fish at zero size (t0) was estimated at -0.38, while 

the lifespan (maximum age, tmax) was estimated at 2.3 years. 

 

 

   Figure 4. Variation curve of the adjustment index (Rn) as a function of the growth coefficient (K) and the performance 

index (Ø') in Chrysichthys nigrodigitatus. 
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Figure 5. Growth curves according to the Von Bertalanffy model of Chrysichthys nigrodigitatus.  

The values obtained for total mortality (Z), natural mortality (M), and fishing mortality (F) of C. nigrodigitatus were 2.29 

yr⁻¹, 1.89 yr⁻¹, and 0.40 yr⁻¹, respectively (Figure 6). This result shows that fishing mortality is lower than natural mortality 

of C. nigrodigitatus in the study area. The exploitation rate was E = 0.17. 

 

 

Figure 6.  Capture curve according to standard lengths of Chrysichthys nigrodigitatus 

 

This study assessed the impact of floating cage fish farming 

on the growth and exploitation parameters of Chrysichthys 

nigrodigitatus in Lake Kossou. The physicochemical 

parameters of the water in the Lake demonstrated that 

Oreochromis niloticus farming in floating cages did not 

exert a deleterious effect on the physicochemical quality of 

the Lake water. Indeed, the average pH, oxygen, and 

temperature values were similar to those recorded by Koné 

et al. (2022) in the southern part of Lake Kossou, where 

fish farming in cage was not practiced. Furthermore, the 

nitrogen compound concentrations measured by these 

authors (nitrate = 1.33 ± 0.95 mg/L, nitrite = 2.16 ± 1.11 

mg/L, and ammonium = 0.54 ± 0.94 mg/L) were higher 

than those found in our study area. Species present around 

floating cages, including C. nigrodigitatus, play an 

important ecological role by consuming leftover feed from 

the cages, thus reducing the environmental impact of fish 

farming (Lupatsch et al., 2003; Fernandez-Jover et al., 

2008). The recorded sex ratio was skewed towards males 

(1:1.4). This sex ratio differed from 1.15:1 and 1.5:1 

obtained respectively by Olanrewaju and Kareem (2023) 

for populations of C. nigrodigitatus in Lake Asejire, 

Nigeria, and Tiogué et al. (2020) in the Nkam River, 

Cameroon. This male dominance could be explained by the 
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migration of females to the spawning area during the study 

period. Indeed, this species generally reproduces during the 

rainy season, from April to October, according to the work 

of Dia (1975), Tiogué et al. (2020), and Olanrewaju and 

Kareem (2023). The size distribution ranged from 18.3 to 

21.7 cm for males and from 16.9 to 20.3 cm for females. A 

strong correlation exists between weight and length in male 

(r = 0.96) and female (r = 0.98) Chrysichthys 

nigrodigitatus, indicating that the length of captured 

specimens increases with weight. Analysis of the length-

weight relationships shows positive allometry of growth in 

C. nigrodigitatus specimens captured around the cages. The 

b values obtained (3.04 for males and 3.05 for females) fall 

within the observed range (2 - 4) for most fish (Bagenal 

and Tesch, 1978) and are higher than the value of 2.76 

obtained by Kien et al. (2022) for specimens of the same 

species captured at Tiassalé in the Bandama River. These 

values also differ from 2.84 and 2.81 obtained by Sadio et 

al. (2021) and by Ouattara et al. (2023) in specimens of the 

same species caught respectively in Lake Selingue and 

Lake Buyo. Negative allometric growth was also observed 

in C. nigrodigitatus, which feeds primarily on insects in 

these environments (Ouattara et al., 2024). The availability 

of natural food combined with commercial pellets in the 

capture area around the floating cages in Lake Kossou 

would be responsible for positive allometric growth of the 

species (Henderson et al., 2005). The environmental 

conditions around the floating cages would be favorable to 

the best growth of catfish and also their abundance 

compared to areas without food resources. A similar 

abundance of several fish species including Liza aurata, 

Chelon labrosus and Boops boops feeding on leftover feed 

pellets has also been observed around fish farms in the 

Mediterranean and represented a significant part of the 

catches of artisanal fishing (Arechavala-Lopez et al., 2010; 

Arechavala-Lopez et al., 2011). 

The maximum size of captured specimens was 1982 g 

and 47.5 cm Ls for females and 1800 g and 49 cm Ls for 

males. The condition factor values obtained (Fc = 1.54 ± 

0.10 for males and Fc = 1.55 ± 0.08 for females) were 

greater than 1, indicating that environmental conditions, 

particularly the abundance of food resources, were 

favorable for fish growth. The condition factor obtained 

was higher than those obtained by several authors for C. 

nigrodigitatus specimens captured in environments where 

floating cage aquaculture is not practiced (Ekamen, 2000; 

Offem et al., 2008; Tiogué et al., 2020). The asymptotic 

length (L∞) and the growth coefficient (K) are 47.82 cm 

and 1.3 yr⁻¹, respectively. The theoretical age of the fish at 

zero size (t0) is estimated at -0.38, while the lifespan 

(maximum age, tmax) is estimated at 2.3 years. The growth 

coefficient results for C. nigrodigitatus show that the 

captured specimens grow faster than the asymptotic length. 

Indeed, fish species with a growth coefficient in the range 

of 0.20 to 0.50 yr⁻¹ and above are characterized by rapid 

growth (Branstetter, 1987). The growth performance index 

(Ø’=3.47 cm) lies beyond the range of values (2.65 - 3.32) 

for African fish, as defined by Bajot and Moreau (1997). 

Growth parameters (K and Ø’) are higher than those 

observed by Bédia et al. (2017) in C. nigrodigitatus 

specimens from the Ebrié Lagoon (growth coefficient of 

0.33 yr⁻¹, growth performance index of 2.968 cm). Age at 

zero size and longevity are lower than those of these 

specimens (t0 = -0.69 and Tmax = 9.09 yr). Our results 

indicate that C. nigrodigitatus growth is enhanced near 

floating cages due to the availability of commercial food. 

The short longevity suggests that specimens of this species 

are highly vulnerable to capture around the cages. 

Fishing mortality of C. nigrodigitatus recorded in the 

study sarea (F = 0.59 yr-1) is lower than natural mortality 

(M = 2.33 yr-1). This reflects both the underexploitation of 

the species in the aquaculture area and its abundance. This 

trend in fishing mortality is confirmed by the exploitation 

rate (E = 0.2), which is lower than the optimum reference 

rate (E = 0.50) defined by Gulland (1971). The total 

mortality (Z = 2.92 yr-1) and natural mortality (M = 2.33 yr-

1) values obtained are higher than those observed by Bédia 

et al. (2017) in C. nigrodigitatus in the Potou sector of the 

Ebrié Lagoon, total mortality (Z = 1.79 yr-1), natural 

mortality (M=0.73 yr-1). In terms of fishing mortality and 

exploitation rate, lower values than those obtained in the 

Potou sector of the Ebrié Lagoon (F = 1.73 yr-1 and E = 

0.59; Bédia et al., 2017) are shown by this study. These 

results confirm that the species is not under threat in Lake 

Kossou (Azeroual et al., 2010). 

CONCLUSION 

The aim of this study was to assess the impact of floating 

cage aquaculture on the growth and exploitation parameters 

of C. nigrodigitatus in Lake Kossou. The results showed 

that C. nigrodigitatus growth is enhanced near floating 

cages with a positive allometric growth in both males and 

females’ specimens, linked to favourable nutritional 

conditions around the floating cages compared to areas 

without food resources. C. nigrodigitatus specimens grow 

faster than their asymptotic length in the study area. 

Exploitation parameters indicate a short lifespan, with 

fishing mortality lower than natural mortality. This 

suggests that this species is highly vulnerable to capture but 

under-exploited around fish farming cages, hence its 

abundance. These findings show that fish farming in 

floating cages has a positive ecological impact on other fish 

in the natural environment, especially C. nigrodigitatus. 
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