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Abstract

This study investigated the ecological and demographic characteristics of Synodontis koensis (Pellegrin, 1934), an
endemic species of the Sassandra River Basin (Cote d’Ivoire), in order to provide baseline data for its conservation and
sustainable habitat management. Sampling was conducted from November 2024 to March 2025 at five stations along
the N'Zo River, a major tributary of the Sassandra. Physico-chemical parameters of the water (temperature, pH,
conductivity, total dissolved solids, and depth) were measured in situ, and a total of 329 individuals were collected for
morphometric and weight analyses. Results revealed favorable environmental conditions for aquatic life, with water
temperature ranging from 27.3 to 29.5 °C, slightly alkaline pH (7.65-7.95), and low conductivity (51-68 pS/cm).
Standard lengths of fish ranged from 35 to 110 mm (mean = 77.48 + 13.63 mm) and body weights from 2 to 31 g (mean
=11.71 + 5.73 g), indicating a unimodal size structure dominated by medium-sized classes (60-90 mm). The length-
weight relationship followed the model P=aLbP, with b=1.93b = 1.93b=1.93, showing a negative allometric growth
pattern (b < 3), meaning that body length increases faster than weight. The condition factor (K) ranged from 1.10 to
9.26 (mean = 2.59 * 1.57), suggesting good overall physiological condition. These findings indicate that S. koensis
inhabits an environment that remains favorable but is increasingly affected by anthropogenic pressures. The study
provides essential baseline information to guide conservation strategies and sustainable management of endemic fish
populations within the Sassandra Basin.
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1. Introduction

Sustainable management of fishery resources in West Africa relies on a sound understanding of the biological and
ecological characteristics of exploited species, particularly those that are endemic [1,2]. In African river basins, and
especially in Cote d’lvoire, increasing anthropogenic pressures such as intensified fishing, deforestation, and
agricultural expansion are threatening the long-term viability of fish populations [3,4]. These pressures are further
exacerbated by climate change, which alters hydrological regimes and degrades aquatic habitats [5]. Among the major
river systems in Cote d’Ivoire, the Sassandra River hosts a rich ichthyofauna, including several endemic species such as
Synodontis koensis (Pellegrin, 1934), a member of the Mochokidae family [6,7]. This benthic catfish plays a key ecological
role in organic matter recycling and occupies a central position in aquatic food webs [8,9]. At the same time, it has
considerable socioeconomic importance as a source of income and food for local communities [10,11]. Despite its
ecological and economic relevance, S. koensis faces multiple threats. Habitat degradation, river fragmentation, and
overfishing jeopardize the survival of its populations [12,13]. Consequently, the species is currently listed as Near
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Threatened on the IUCN Red List [13]. The implementation of effective conservation measures, however, requires
detailed information on its biology, demography, and ecological interactions [14,31].

Research on the Synodontis genus in Africa has been largely dominated by the works of Gower et al. on taxonomy [15],
Lévéque on fisheries biology [16], and Paugy and Lévéque on biogeography [9]. Yet, ecological and demographic
parameters of S. koensis remain poorly documented, particularly in the Sassandra River Basin. It is therefore essential
to investigate its environmental conditions, population structure, and growth patterns to identify the key parameters
influencing its population dynamics and to provide a foundation for sustainable management.

The present study contributes to this objective by assessing the ecological and demographic characteristics of
Synodontis koensis in the N'Zo River, a major tributary of the Sassandra Basin. Specifically, it aims to (i) analyze the
physico-chemical parameters of its habitat, (ii) describe its population structure through size and weight distributions,
and (iii) establish the length-weight relationship and condition factor of this endemic and threatened species. This
integrative approach is expected to enhance our understanding of S. koensis population dynamics within its natural
habitat and to provide scientific insights supporting the sustainable management of fishery resources in the Sassandra
River Basin.

2. Materials and methods

2.1. Study Area

The study was conducted in the N'Zo River, a major left-bank tributary of the Sassandra River located in southwestern
Céte d’'Ivoire. The N'Zo Basin covers approximately 4,310 km?, with a main river course 124 km long and a hydrological
regime characterized by alternating high-water (July-October) and low-water (November-June) periods [17]. The
region has a sub-equatorial climate, with an annual rainfall exceeding 2,000 mm [18]. Five sampling stations (S1-S5)
were selected along the river course based on habitat diversity and accessibility (Figure 1). These sites represent
distinct ecological gradients, ranging from upstream headwaters to downstream areas near the Buyo Reservoir.
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Figure 1 Location of the five sampling sites along the N'Zo River (Cote d’Ivoire).

2.2. Fish Sampling

Specimens of Synodontis koensis were collected between November 2024 and March 2025 using artisanal fishing
techniques in collaboration with local fishers. Multiple fishing gears were employed, including gillnets, beach seines,
hand lines, longlines, traps, and traditional bamboo pots. A total of 329 individuals were captured and analyzed.
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Specimens were immediately preserved in ice after capture and later processed in the laboratory for morphometric
measurements.

2.2.1. Morphometric and Weight Measurements

For each specimen, standard length (SL, mm) and total length (TL, mm) were measured with an ichthyometer to the
nearest 1 mm, while total weight (TW, g) was recorded using a precision balance (Toledo PB810, + 0.1 g).

2.2.2. Physico-Chemical Parameters of Water

Water quality parameters were measured in situ at each of the five sites on a bimonthly basis, between 07:00 and 09:00
a.m. A multiparameter meter (HACH HQ30d) was used to record temperature (°C), pH, conductivity (uS/cm), and total
dissolved solids (TDS, ppm). Water depth was measured using a weighted graduated cord.

2.2.3. Size Structure Analysis

Population size structure was described based on frequency distributions of standard length. Length classes were
determined according to Sturges’ rule [19]. The coefficient of variation (CV) of size was calculated to assess population
homogeneity:

e (V<2 % =highly homogeneous
e 2% =<CV<30%=homogeneous
e (CV>30% = heterogeneous
2.3. Length-Weight Relationship
The length-weight relationship was expressed by the formula: P = al?

where P is total weight (g), L is standard length (cm), a is the intercept, and b is the allometric coefficient. After
logarithmic transformation, linear regression was performed as:

logP=loga+blogL

The estimated allometric coefficient (b) was statistically compared to the theoretical value of 3 (isometric growth) using
a student’s t-test.

2.4. Condition Factor

The condition factor (K) was calculated for each individual to evaluate its physiological state:
K = (TW/SL3) x 100

Where TW is total weight (g) and SL is standard length (cm). Spatial and temporal variations in K were analyzed to
assess individual well-being in relation to site and sampling period.
2.5. Statistical Analyses

Data were analyzed using STATISTICA 7.1. Normality of distributions was verified using the Shapiro-Wilk test. Inter-
station differences were assessed with the Kruskal-Wallis test (p < 0.05). The correlation coefficient (r) and
determination coefficient (r?) were calculated to evaluate the strength and reliability of the length-weight relationships.

3. Results

3.1. Physico-Chemical Parameters of the Water

The physico-chemical parameters measured at the five sites of the N'Zo River are presented in Table 1. Water
temperature fluctuated between 27.3 °C (site S2) and 29.5 °C (site S5). Statistical analysis (Kruskal-Wallis test) revealed
no significant differences among stations (p > 0.05). The pH ranged from 7.65 (site S2) to 7.95 (site S1), indicating
slightly alkaline water. These variations were not significant (Kruskal-Wallis, p > 0.05).
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The concentration of total dissolved solids (TDS) varied between 24 ppm (sites S3, S4, and S5) and 32 ppm (site S1),
with no significant differences among sites (Kruskal-Wallis, p > 0.05). Likewise, electrical conductivity fluctuated from
51 uS/cm (sites S3, S4, and S5) to 68 pS/cm (site S1), again with no significant differences (Kruskal-Wallis, p > 0.05).

In contrast, water depth showed marked variability among sites, ranging from 371 cm (site S1) to 875 cm (site S3).
Unlike the other parameters, these variations were statistically significant (Kruskal-Wallis, p < 0.05).

Table 1 Physico-chemical parameters measured (mean * standard deviation) at the five sampling sites of the N'Zo
River.

Sites | Temperature (°C) | pH TDS (ppm) | Conductivity (uS/cm) | Depth (cm)
S1 278+04 795+0,05 | 32,0+2,1 68,0 + 3,2 371+25
S2 27,3+0,6 7,65+0,07 | 28,0+1,8 60,0 +2,7 500 + 30
S3 28,5+0,5 7,80 +0,04 | 24,0+1,5 51,0+2,0 875 + 40
S4 28,7+0,3 7,85+0,06 | 24,0+1,7 51,0+1,9 820+ 35
S5 29,5+0,5 790+0,05 | 24,0+1,6 51,0+2,1 790 + 28

3.2. Population structure

A total of 329 individuals of Synodontis koensis were collected from the five sampling sites of the N'Zo River between
November 2024 and March 2025 (Table 2). Standard lengths of specimens ranged from 35 mm to 110 mm, with a mean
of 77.48 + 13.63 mm. Individual body weights ranged from 2 g to 31 g, with an average of 11.71 + 5.73 g.

The frequency distribution by length class revealed a unimodal structure dominated by the 70-80 mm class (Figure 2).
The majority of individuals (93.31 %) fell within the 60-90 mm range. The calculated coefficient of variation (CV = 17.59
%) for the total sample indicates a relatively homogeneous population in terms of size. Analysis by site revealed notable
differences in demographic composition

e Site S1: Individuals between 50 mm and 75 mm represented 65.39 % of the total catch.

e  Site S2: 79.82 % of fish measured between 65 mm and 90 mm.

e Site S3: 76.08 % of specimens belonged to the 80-105 mm class, reflecting a higher proportion of large
individuals.

e Site S4: Dominant size classes ranged from 70 mm to 100 mm, accounting for 73.68 % of the catch.

e  Site S5: Fish between 60 mm and 85 mm constituted 61.25 % of the sampled population.

These data indicate that, although the overall population is relatively homogeneous and dominated by medium-sized
classes, certain spatial differences exist—particularly the predominance of smaller individuals at site S1 and larger ones
at site S3.

Table 2 Demographic parameters of fish collected from the N'Zo River.

Sites s1 $2 s3 s4 S5 T
Standard Min 52 55 70 35 42 35
Length Max 110 109 110 103 95 110
(mm)

Mean +SD | 72,42414,69|76,25+11,34 |93,41+8,96|79,23+£14,17 |72,46+10,78 |77,48+13,63
Weight (g) |Min 5 5 9 2 2 2
Max 21 23 31 26 18 31

Mean +SD |13,5745,15 |10,07£4,10 |19,1545,66|11,89+5,72 |8,43+3,55 11,7145,73
Number of individuals (N) |52 114 46 38 79 329
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Figure 2 Frequency distribution of fish captured at each sampling site from November 2024 to March 2025.
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3.3. Length-Weight Relationship and Condition Factor (K)

The study of the relationship between body length and weight in Synodontis koensis from the N'Zo River revealed
significant results in terms of allometric growth (Figure 3). The coefficient of determination (r?) was estimated at 0.50,
indicating that length explains approximately 50 % of the observed variability in body weight.

The regression equation was expressed as

Log P =loga+blogL

where a=-2.61and b =1.93.

A Student’s t-test was applied to assess the significance of the difference between the observed b value and the
theoretical value of 3 (isometric growth). The test indicated that b was significantly different from 3 (p < 0.05),

confirming that the growth of S. koensis in this river deviates from isometric growth.

This species thus exhibits negative allometric growth, meaning that increases in length exceed increases in weight as
individuals develop.

Regarding the condition factor (K), which assesses the physiological state of individuals, values ranged from 1.101 to
9.259, with a mean of 2.59 * 1.57. These data, presented in Table 3, reflect the general physical condition of the
specimens and indicate significant variability likely linked to environmental or physiological factors.
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Figure 3 Length-weight relationship of Synodontis koensis in the N'Zo River (November 2024 - March 2025).

Table 3 Parameters of the length-weight relationship and condition factor for Synodontis koensis in the N'Zo River (N
=329).

Species (N = 329) | r2 b Student’s t-test | Growth type Condition factor

Min Max Mean = SD

Synodontis koensis | 0.50 | 1.93 | -3.6295891 A-(negative allometric) | 1.101 | 9.259 | 2.59+1.57

4. Discussion

The study conducted on Synodontis koensis in the N'Zo River provides a comprehensive understanding of the ecological
and demographic dynamics of an endemic and threatened species whose survival depends closely on the quality of
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aquatic habitats within the Sassandra Basin. The physico-chemical parameters recorded indicate that the N'Zo River
offers favorable conditions for aquatic life, with water temperatures ranging from 27 to 29 °C, slightly alkaline pH (7.65-
7.95), and moderate conductivity (51-68 pS-cm™), which are typical characteristics of tropical forest rivers that remain
relatively undisturbed [22,33]. These results demonstrate hydrological and chemical stability, which promotes the
growth and reproduction of benthic fish species such as Synodontis koensis [9]. The absence of significant differences
between sampling sites for most parameters, except depth, reflects a relatively homogeneous ecological environment
and suggests that population variability is more likely driven by biological factors than by abiotic constraints.
Nevertheless, the marked variation in water depth among sites may influence the spatial distribution of individuals, as
deeper areas may serve as refuges or preferred growth habitats for adults [20,21].

From a demographic standpoint, the unimodal structure observed in S. koensis populations indicates a relatively stable
population with balanced recruitment. The dominance of medium size classes (60-90 mm) and the relatively low
coefficient of variation (17.6%) reveal a homogeneous population structure, well established in the ecosystem and
probably reproducing regularly. A similar demographic pattern has been observed in related species within the Niger
Basin [29], suggesting that the N’'Zo River ecosystem still functions effectively despite increasing human pressures.
However, the site-specific size variations observed—smaller individuals upstream and larger ones downstream—
illustrate spatial organization linked to hydromorphological conditions and the availability of food resources [8,6]. This
spatial distribution pattern is consistent with the River Continuum Concept proposed by Vannote et al. [32], which
states that the composition and structure of aquatic communities vary along the longitudinal gradient of the river
according to changes in depth, current velocity, and organic matter input.

The analysis of the length-weight relationship revealed a negative allometric growth pattern, with an allometric
coefficient b = 1.93 significantly lower than the theoretical value of 3. This indicates that S. koensis grows more in length
than in weight, suggesting an energy allocation strategy favoring linear growth over biomass accumulation. Such a
growth strategy is common among fish species inhabiting environments where food availability fluctuates seasonally
[25,26]. Similar findings were reported by Kabré and Il1é [30] in Lake Buyo and by lorchor et al. [29] for Synodontis
schall in the Lower Benue River, Nigeria, supporting the idea that species of the genus Synodontis display a high degree
of ecological plasticity. The observed growth pattern may also result from selective fishing pressure targeting larger
individuals, a phenomenon frequently noted in West African artisanal fisheries [31,12]. The condition factor (K), which
ranged from 1.10 to 9.26 (mean = 2.59 * 1.57), confirms the good adaptation of S. koensis to its environment. Values
above 2 generally indicate good physiological condition and favorable environmental conditions [26,27]. However, the
inter-individual variability observed suggests local fluctuations in food resource availability or reproductive cycles. The
highest K values, recorded at the deepest sites, point to more productive habitats offering better access to benthic
organic matter, which is the main trophic source for this species [28]. These results corroborate the findings of Bremmer
etal. [5] and Traoré and Koné [4], who emphasized the importance of maintaining habitat quality to sustain healthy fish
populations.

Overall, the N'Zo River remains a functional ecosystem capable of supporting this endemic species. However, the
predominance of medium-sized individuals and the scarcity of larger specimens suggest a non-negligible fishing
pressure that could, in the medium term, affect population renewal. This observation aligns with the broader issue of
sustainable fishery management in West Africa, where deforestation, agricultural expansion, and overfishing
collectively undermine the resilience of endemic species [3,1].

5. Conclusion

The present study on Synodontis koensis in the N'Zo River provides new insights into the ecology and population
dynamics of an endemic species from the Sassandra Basin that remains poorly documented despite its ecological and
socioeconomic importance. The recorded environmental conditions—temperatures ranging from 27.3 to 29.5 °C,
slightly alkaline pH (7.65-7.95), and low electrical conductivity (51-68 puS/cm)—indicate a generally healthy aquatic
environment capable of supporting a balanced fish population.

Among the 329 individuals collected, standard lengths ranged from 35 to 110 mm, with a mean total weight of 11.71 *
5.73 g. This pattern reflects a homogeneous demographic structure dominated by medium-sized classes (60-90 mm).
The length-weight relationship revealed an allometric coefficient (b = 1.93) significantly lower than 3, indicating
negative allometric growth, where increases in body length predominate over weight gain. The condition factor (K),
which ranged from 1.10 to 9.26 (mean = 2.59 * 1.57), suggests an overall good physiological state of the population,
although local variations may reflect environmental heterogeneity or reproductive cycles.
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Overall, these findings demonstrate that S. koensis thrives in an ecosystem that remains relatively functional and
favorable for its development, but that is increasingly vulnerable to anthropogenic pressures. The predominance of
medium-sized individuals and the relative scarcity of larger fish point to potential fishing impacts that may affect long-
term population sustainability.

The data obtained from this study provide a solid scientific basis for developing sustainable management strategies for
the Sassandra Basin, particularly in terms of habitat conservation, regulation of fishing effort, and long-term ecological
monitoring of S. koensis populations. As an indicator of benthic ecosystem health, this species represents a valuable
biological model for assessing the resilience of aquatic environments in Cote d’'Ivoire and throughout West Africa.

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

References
[1]  Lévéque C, Paugy D. Freshwater Fishes of Africa: Diversity, Ecology, and Human Use. Paris: IRD Editions; 2006.

[2]  FroeseR,Pauly D. FishBase. Version 2021. [Internet]. 2021 [cité 2025 Oct 19]. 2021 [cited 2025 Oct 19]. Available
from: https://www.fishbase.org

[3] Sarr A, Diallo A, Sory S. Impact of intensive agriculture on aquatic ecosystems in West Africa. Environ Sci Policy.
2019; 98:15-24.

[4] Traoré S, Koné K. Assessment of the impacts of human activities on the fluvial ecosystem of the N'Zo River.
Environ Manag Rev. 2021; 29:93-104.

[5] Bremmer ], Martinez A, Ndiaye S. The influence of environmental parameters on fish populations in tropical
environments. Aquat Ecol. 2021 ;55(2) :345-60.

[6] Zoungrana G. Fish diversity and aquatic habitats within the Sassandra River Basin, Cote d’Ivoire. ] Biodivers
Conserv. 2021 ;10(1) :23-40.

[7]  Kouassi K, Tano Y, N’Guessan K. Fish biodiversity of the N’Zo River in Cote d’Ivoire. ] Ecol Aquat. 2021 ;15(3)
:223-34.

[8]  Skelton PH. A complete guide to the freshwater fishes of Southern Africa. Cape Town: Struik Publishers; 2001.
[9] Paugy D, Lévéque C. Biodiversity of African freshwater fishes. Paris: IRD and MNHN; 2009.

[10] Gallo A, Cissé A, Kouadio K. Economic importance of fish species in Céte d'Ivoire. Afr ] Mar Sci. 2020 ;42(3) :267-
77.

[11] Kouadio M. Local economy and water resources: The case of the N’Zo River. Rev Géogr Ivoir. 2022 ;18(2) :78-89.

[12] FAO. The State of World Fisheries and Aquaculture 2018: Meeting the Sustainable Development Goals. Rome:
Food and Agriculture Organization; 2018.

[13] IUCN. The IUCN Red List of Threatened Species. Version 2021-3. 2021 [Internet]. Available from:
https://www.iucnredlist.org

[14] Winemiller KO, Rose KA. Patterns of life-history diversification in North American fishes: implications for
population regulation. Can ] Fish Aquat Sci. 1992 ;49(10) :2196-2218.

[15] Gower D], Day ]J, Wilkinson M. Morphometric variation in Synodontis species: implications for taxonomy and
conservation. Afr ] Ecol. 2002 ;40(2) :137-44.

[16] Lévéque C. Biodiversity of Fresh and Brackish Water Fishes of Africa. Paris: IRD Editions; 1997.

[17] N’Guessan K, Dagnan S. Hydrological variability and aquatic biodiversity in the N’Zo River Basin (Cote d’Ivoire).
Afr ] Aquat Sci. 2021 ;46(2) :145-56.

[18] Saley MB. Hydrogeological Information System with Spatial Reference, Pseudo-Image Discontinuities, and
Thematic Mapping of Water Resources in the Semi-Mountainous Region of Man (Western Céte d’'Ivoire). [PhD
thesis]. Abidjan: University of Cocody; 2003.

259



[19]
[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]
[36]
[37]

GSC Biological and Pharmaceutical Sciences, 2025, 33(01), 252-260

Scherrer B. Biostatistics. Montréal: Gaétan Morin Editeur ; 1984.

Chapman ]J. Man-made modifications of rivers and streams. In: Ferguson AMG, Peter BJ, eds. Environmental
Hydraulics. London: Chapman and Hall; 1996. p. 45-67.

Gordon C, McMahon T, Finlayson C. Stream hydrology: an introduction for ecologists. 2° éd. Chichester: Wiley-
Blackwell; 2004.

Wetzel RG. Limnology: lake and river ecosystems. 3° éd. San Diego: Academic Press; 2001.

Bagenal TB, Tesch FW. Age and growth. In: Bagenal T, éd. Methods for assessment of fish production in fresh
waters. 3° éd. Oxford: Blackwell Scientific; 1978. p. 101-36.

Ricker WE. Computation and interpretation of biological statistics of fish populations. Bull Fish Res Board Can.
1975;191 :1-382.

Le Cren ED. The length-weight relationship and seasonal cycle in gonad weight and condition in the perch (Perca
fluviatilis). ] Anim Ecol. 1951 ;20(2) :201-19.

Froese R. Cube law, condition factor and weight-length relationships: history, meta-analysis and
recommendations. ] Appl Ichthyol. 2006 ;22(4) :241-53.

Wootton R]. Ecology of teleost fishes. London: Chapman and Hall; 1990.

Abowei J. The condition factor, length-weight relationship and abundance of Ilisha africana from Nkoro River
Niger Delta, Nigeria. Adv ] Food Sci Technol. 2010 ;2(1) :57-62.

lorchor SI, Deekae SN, Amachree D, Otene BB. Length-weight relationships and condition factors of selected
Synodontis species from the Lower Benue River, Makurdji, Nigeria. ] Biol Genet Res. 2024 ;10(2) :38-48.

Kabré O, I11é E. Length-weight relationship and condition factor for 24 freshwater fish species from Lake Buyo,
Cote d’Ivoire. ] Fish Aquat Sci. 2020 ;15 :27-34.

Pauly D, Zeller D. Planetary fisheries. Science. 2016 ;354(6313) :273-74.

Vannote RL, Minshall GW, Cummins KW, Sedell JR, Cushing CE. The river continuum concept. Can ] Fish Aquat
Sci. 1980 ;37(1) :130-37.

Brou E, Kouassi A]. Biodiversity of river ecosystems in Cote d’Ivoire: The case of the N'Zo River. ] Environ Sci.
2019;15(3) :45-56.

Dalu T, Nhamo G, Nhamo S. Water pH variability and its ecological implications. Environ Monit Assess. 2017
;189(4) :188.

Ludsin SA, Tator JD. Population dynamics of fish. Ecol Appl. 1993 ;3(2) :179-94.
Hobson KA, Seber GAF. The analysis of animal growth. Growth. 1969 ;33(3) :133-53.

APHA. Standard methods for the examination of water and wastewater. 22°¢ éd. Washington, DC: American Public
Health Association; 2012.

260



