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Composition, diversity and spatio-temporal variation of zooplankton in small dam lakes of northern Côte d’Ivoire 
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ABSTRACT 

	This study investigates the composition, diversity and spatio-temporal variation of zooplankton communities in five small reservoirs located in northern Côte d’Ivoire. Zooplankton sampling was conducted between June 2016 and June 2018 during both dry and rainy seasons using a 20-µm plankton net, while physicochemical parameters were measured simultaneously. A total of 74 zooplankton taxa were identified, dominated by Rotifera (51 species), followed by Cladocera (13 species) and Copepoda (5 taxa). Taxonomic richness was generally higher during the rainy season, whereas zooplankton density showed contrasting seasonal patterns among reservoirs. Higher densities were recorded during the dry season in Mambiandougou, Torla and Noumousso, while Sambakaha and Korokara exhibited higher abundances during the rainy season. Canonical correspondence analysis revealed that zooplankton distribution was mainly structured by electrical conductivity, total dissolved solids, dissolved oxygen and pH. The dominance of indicator genera such as Brachionus, Keratella and Filinia reflects high trophic levels. Despite their geographical proximity, the reservoirs exhibit distinct ecological functioning, driven by local environmental conditions and seasonal dynamics. Zooplankton therefore proves to be a relevant bioindicator for assessing the ecological quality of small tropical reservoirs.
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1. INTRODUCTION 

Drought and the accelerated degradation of natural resources are among the major challenges facing the African continent today [1]. In a context of climate change and increasing human pressure, the sustainable management of water resources is becoming a priority. Water, a vital and limited resource, is essential not only for the survival of populations but also for the maintenance of aquatic ecosystems [2]. To meet these needs, numerous small dams have been built across the continent, particularly in West Africa. These surface water reservoirs ensure the water supply for rural populations, support the development of agricultural and pastoral activities, and facilitate local fish farming [3].
In Côte d’Ivoire, small dam reservoirs represent a significant portion of permanent water resources, particularly in the northern part of the country [4]. They play a crucial role in irrigation, livestock watering, drinking water supply, and fisheries production [5]. However, high water demand, combined with pollution from human activities, is placing increasing pressure on these aquatic ecosystems. The intensification of multiple, often uncontrolled, uses leads to excessive nutrient inputs, promoting eutrophication [6]. This process results in the proliferation of aquatic plants, degradation of water quality, deoxygenation, and loss of biodiversity [7, 8].
Zooplankton plays a key role among the biological indicators of these disturbances. This group of organisms constitutes a central link in the aquatic food web, connecting primary producers (phytoplankton) to higher trophic levels, particularly fish [9]. Its composition, diversity, and dynamics are especially sensitive to physicochemical variations and anthropogenic pressures, making it an excellent indicator of the ecological quality of aquatic environments [10, 11].
Despite the ecological and fisheries importance of small reservoir lakes, knowledge of zooplankton diversity and structure in these environments remains limited in Côte d'Ivoire. The few available studies, notably those by [2], cover only a small portion of the country and do not consider temporal variations in zooplankton populations. This gap compromises the overall understanding of the ecological functioning of these hydrosystems and the implementation of sustainable management strategies.
This study aims to inventory zooplankton diversity in these small reservoir lakes and to determine their spatiotemporal distribution in relation to the environmental characteristics of these hydrosystems. It is part of an ecological assessment approach, seeking to establish a link between the composition of the zooplankton community and the environmental pressures exerted on these environments.

2. material and methods 

Study area
The study was carried out in five small dam lakes in Ouangolodougou and Ferkessédougou in northern Côte d'Ivoire. The Korokara (5° 38' 9.000" W - 9° 52' 0.330" N), Mambiandougou (5° 7' 21.014" W - 10° 7' 6.996" N), Noumousso (5° 37' 40.296" W - 9° 53' 53.160" N), and Torla (5° 10' 47.000" W - 9° 59' 15.000" N) reservoirs are located in Ouangolodougo, while the Sambakaha reservoir (5° 6' 26.816" W - 9° 24' 38.780" N) is located in Ferkessédougou (Figure 1). All these reservoirs are used for laundry, swimming, and water intake. The Korokara and Mambiandougou reservoirs are also important fishing sites for the local population. The northern region of Côte d’Ivoire is characterized by a subtropical climate and has two seasons: a dry season from November to March and a rainy season from April to October [12].
Sampling was conducted between 8 a.m. and 3 p.m. over four campaigns from June 2016 to June 2018 in the five reservoirs during the dry seasons (March and November) and the rainy season (June and August), at three points in each lake. Zooplankton was collected by filtering 50 liters of water through a plankton net with a 20 µm mesh size. The resulting concentrate was collected in a 250 ml vial. The organisms were treated by adding sucrose, neutral red, and liquid soap, and fixed with 5% formaldehyde. In the laboratory, taxa were counted in a gridded Petri dish under a MOTIC binocular microscope (160x, 250x, and 400x magnification) [13].
The identification of taxa was carried out using the following identification documents: [13, 14, 15, 16, 17, 18, 19, 20, 21, 22].
Data Processing
Taxonomic richness, percentage of occurrence, Shannon index, and Equitability were used to determine the structure and dynamics of the zooplankton community. Percentage of occurrence (F) is defined as the ratio of the number of occurrences of a taxon in each dam multiplied by 100 to the total number of dams. It is obtained using the following formula : F = (Si / St) × 100, where Si is the number of stations where taxon i was captured and St is the total number of stations sampled.
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Figure 1: Geographical location of sampling stations of small dam lakes in Northern Ivory Coast from June 2016 to June 2018.
The classification of taxa based on their percentage of occurrence was done according to [23]: % F ≥ 50: constant taxon; 25 ≤ % F < 50: accessory taxon and % F < 25: accidental taxon.
 Diversity Indices
Diversity indices reflect the degree of organization within a community. The Shannon-Weaver index was used to quantify the heterogeneity of the zooplankton community in our study area during the investigation period, using the following formula:
H' = -∑[(nᵢ/N) log₂(nᵢ/N)]
Where: H' represents specific diversity in bits/individual; ∑ denotes the sum of results obtained for each present species; nᵢ is the abundance of species i ; N is the total number of individuals of all species
- log₂ is the base-2 logarithm
Regarding equitability, it was used to assess the regularity of zooplankton taxon distribution in the lakes studied during the study period according to the following formula:
E = H'/H'max
Where: H'max represents the maximum value of H’; H'max = log₂ Sobs; Sobs: number of taxa observed. The spatio-temporal variations in zooplankton organism densities and diversity indices were assessed respectively by the Kruskal-Wallis and Mann-Whitney U tests.
The CANOCO program was used to establish the correlation between the distribution of taxa and the physicochemical parameters measured in each sampling site through a canonical correspondence analysis (CCA).

3. results and discussion

Results
Qualitative analysis of the population
A total of 74 zooplankton taxa were identified in the five sampled small reservoir lakes in the North (Table 1). This community includes 51 rotifers, 5 copepods, 13 cladocerans, and 5 other organisms. These 74 taxa are distributed among 23 families and 70 genera.
The most diverse family is Brachionidae (14 species), followed by Lecanidae (13 species), Chydoridae (7 species), Filinidae, Mytilinidae, Asplanchnidae (3 species each), and Synchaetidae, Notommatidae, Colurellidae, Daphinidae, Machrotricidae, and Cyclopidae (2 taxa each). The other families are monospecific.
The classification of taxa according to their percentage of occurrence revealed 35 constant taxa, 11 accessory taxa and 25 accidental taxa (Table 1).
The taxonomic richness of the zooplankton in these reservoirs ranged from 36 to 49 taxa (Table 1). The highest taxonomic richness was observed in Lakes Mambiandougou and Korokara, with 49 taxa each. The lowest taxonomic richness was recorded in Lake Torla, with 36 taxa. No significant difference in taxonomic richness was observed between the stations (Kruskal-Wallis test, p > 0.05).
Table 1 : Composition of the zooplankton community collected in five small dam lakes in Northern Côte d’Ivoire. Tor : Torla ; Kor : Korokara ; Mam : Mambiadougou ; Nou : Noumousso ; Sam : Sambakaha ; F : Percentage of occurrence ; (+) : Presence.

	Groups
	Families
	Taxa
	Sam
	Kor
	Nou
	Tor
	Mam
	F

	Rotifers
	Epiphanidae
	Epiphanes macrourus
	+
	+
	+
	+
	+
	100

	
	
Filinidae 
	Filinia opoliensis
	+
	+
	+
	+
	+
	100

	
	
	Filinia terminalis
	+
	+
	+
	+
	+
	100

	
	
	Filinia longiseta
	+
	+
	+
	+
	+
	100

	
	





Brachionidae




	
	Brachionus angularis
	+
	+
	+
	+
	+
	100

	
	
	Keratella tropica
	+
	+
	+
	+
	+
	100

	
	
	Brachionus falcatus
	+
	+
	+
	+
	+
	100

	
	
	Brachionus caudatus
	+
	+
	+
	+
	+
	80

	
	
	Brachionus calyciflorus
	+
	+
	+
	+
	+
	100

	
	
	Platyias quadricornis
	
	+
	+
	+
	+
	80

	
	
	Brachionus bennini
	
	+
	
	+
	
	40

	
	
	Brachionus quadrientatus
	
	+
	+
	+
	+
	80

	
	
	Plationus patulus
	
	
	+
	+
	+
	60

	
	
	Keratella lenzi
	
	+
	
	
	+
	40

	
	
	Brachionus sericus
	+
	+
	
	
	
	40

	
	
	Brachionus plicatilis
	
	+
	
	
	
	20

	
	
	Keratella tecta
	
	+
	
	
	
	20

	
	
	Bachionus bidentatus
	
	+
	
	
	
	20

	
	Synchaetidae
	Polyarthra vulgaris
	+
	+
	+
	+
	
	80

	
	
	Polyarthra remata
	
	+
	
	
	
	20

	
	




Lecanidae
	Lecane bulla
	+
	+
	+
	+
	+
	100

	
	
	Lecane papuana
	+
	+
	
	+
	+
	80

	
	
	Lecana leontina
	+
	
	
	
	+
	40

	
	
	Lecane hastata
	
	+
	
	
	+
	40

	
	
	Lecane styrax
	
	+
	+
	
	+
	60

	
	
	Lecane ungulata
	
	
	
	
	+
	20

	
	
	Lecane curvicornis
	
	
	
	
	+
	20

	
	
	Lecane elsa
	
	
	
	
	+
	20

	
	
	Lecane signifera
	
	
	
	
	+
	20

	
	
	Lecane closterocerca
	+
	+
	+
	
	
	60

	
	
	Lecane obtusa
	+
	
	
	
	
	20

	
	
	Lecane hornemami
	
	
	
	
	+
	20

	
	
	Lecane luna
	+
	+
	+
	+
	+
	100

	
	Philodinidae
	Macrotrachela plicata 
	+
	
	
	
	
	20

	
	
Notommatidae

	Resticula melandocus 
	+
	
	
	
	
	20

	
	
	Cephalodella gibba
	
	
	
	
	+
	20

	
	
	Monommata maculata
	
	
	
	
	+
	20

	
	
Colurellidae
	Colurella adriatica
	+
	
	
	
	
	20

	
	
	Lepadella ovalis
	+
	+
	+
	+
	
	80

	
	Mytilinidae
	Mytilina acanthophora
	
	
	
	+
	+
	40

	
	
	Mytylina ventralis
	
	+
	
	
	+
	40

	
	
	Mytilina mucronata
	+
	+
	
	
	+
	60

	
	Testudinellidae
	Testudinella patina
	
	+
	+
	
	+
	60

	
	Hexarthridae
	Hexartha mira
	+
	+
	+
	+
	
	80

	
	Trichocercidae
	Trichocerca cylindrica
	+
	+
	
	+
	
	60

	
	
	Trichocerca bicristata
	
	+
	+
	
	+
	60

	

	Groups
	Families
	Taxa
	Sam
	Kor
	Nouu
	Tor
	Mam
	F

	Rotifers
	Trichocercidae
	Trichocerca longiseta
	
	
	
	+
	+
	40

	
	
	Trichocerca similis
	
	+
	
	
	
	20

	
	
Asplanchnidae
	Asplanchna girodi
	
	+
	+
	
	+
	60

	
	
	Asplanchna priodonta
	
	
	+
	
	+
	40

	
	
	Asplanchna herricki
	
	+
	
	
	
	20

	




Cladocerans
	Daphniidae
	Ceriodaphnia cornuta
	+
	+
	+
	+
	+
	100

	
	
	Ceriodaphnia affinis
	
	+
	+
	+
	
	60

	
	Macrothricidae
	Streblocerus sericaudatus
	+
	+
	+
	+
	
	80

	
	
	Macrothrix rosea
	
	
	
	
	+
	20

	
	Moinidae
	Moina micrura
	+
	+
	+
	+
	+
	100

	
	Sididae
	Diaphanosoma excisum
	+
	+
	+
	+
	+
	100

	
	


Chydoridae
	Alona weltneri
	
	
	+
	
	+
	40

	
	
	Monospluis dispar
	
	
	
	
	+
	20

	
	
	Chydorus brevillabris
	
	
	
	
	+
	20

	
	
	Alona costata
	+
	
	
	
	
	20

	
	
	Dadaya macops
	+
	
	
	
	
	20

	
	
	Saycia cooki
	+
	
	
	
	
	20

	
	
	Pseudochydorus globosus
	
	
	+
	
	
	20

	

Copepods
	Cyclopidae
	Thermocyclops sp.
	+
	+
	+
	+
	+
	100

	
	
	Mesocyclops sp.
	+
	+
	+
	+
	+
	100

	
	Undetermined
	Nauplii
	+
	+
	+
	+
	+
	100

	
	Undetermined 
	Copepodites
	+
	+
	+
	+
	+
	100

	
	Diaptomidae  
	Tropodiaptomus lateralis
	
	+
	
	+
	
	40

	
Other
	Undetermined  
	Ostracodes 
	+
	+
	+
	+
	+
	100

	
	Centropyxidae
	Centropyxis aculeata
	+
	+
	+
	+
	+
	100

	
	Chironomidae
	Chironomidae larvae
	+
	+
	+
	+
	+
	100

	
	Chaoboridae
	Chaoborus larvae
	+
	
	
	
	
	20

	
	Undetermined
	Other insect larvae  
	+
	+
	+
	+
	+
	100

	Total
	23
	   74         
	40
	49
	38
	36
	49
	    -




Diversity indices
Taxonomic richness was significantly higher during the rainy season (31–39 taxa) and lower during the dry season (21–29 taxa) in all the lakes studied (Mann-Whitney U test, p < 0.05) (Table 2).
In Lakes Sambakaha, Korokara, and Torla, the highest values of the Shannon diversity index (1.95 to 2.35 bits/ind) and equitability index (0.59 to 0.77) were recorded during the dry season, and the lowest (H' = 1.36 to 1.86 bits/ind ; E = 0.35 to 0.52) during the rainy season. At the Noumousso and Mambiandougou stations, these indices were higher during the rainy season (H' = 1.48 to 2.33 bits/ind ; E = 0.43 to 0.63). However, the Mann-Whitney U test did not show significant seasonal variations in these indices across all stations (p > 0.05).

Table 2: Taxonomic richness, Shannon diversity index and Equitability of Pielou of zooplankton population of five small dam lakes in Northern Ivory Coast from June 2016 to June 2018 (DS = dry season ; RS = rainy season).

	[bookmark: _Hlk211353568]
	Saisons
	Stations

	
	
	Sambakaha
	Korokara
	Noumousso
	Torla
	Mambiandougou

	Richesse taxonomique
	DS
	25
	21
	24
	27
	29

	
	RS
	34
	46
	31
	28
	39

	Shannon diversity index (H’) (bits/ind)
	DS
	2.11
	2.35
	0.68
	1.95
	1.85

	
	RS
	1.86
	1.36
	1.48
	1.44
	2.33

	Equitability (E)
	DS
	0.65
	0.77
	0.21
	0.59
	0.55

	
	RS
	0.52
	0.35
	0.43
	0.43
	0.63



Quantitative analysis of the population
Of the four zooplankton groups collected from these small reservoir lakes, rotifers constituted the most abundant group, representing 61.35 % of the individuals, followed by copepods and cladocerans with 26.97 % and 8.18 % of the individuals, respectively (Figure 2A). Other zooplankton organisms accounted for the remaining 3.5 %.
The structure of the main zooplankton groups indicates that, in terms of density, rotifers were largely dominated by Brachionus angularis (72.86 %), followed by Keratella tropica (5.48 %) (Figure 2B).
Among cladocerans, Moina micrurata (70.88%) and Ceriodaphnia cornuta (12.42 %) are the most abundant taxa (Figure 2C).
The copepods are dominated by Thermocyclops sp. (48.82 %), followed by nauplii (35.77 %) and Mesocyclops sp. (13.49 %) (Figure 2D).
Chironomidae larvae (69.07 %) constitute the major taxon in the group of other zooplanktonic organisms, followed by Ostracods (20.10 %) and Centropyxix aculeata (5.90%) (Figure 2 E).
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[bookmark: _Hlk218258379][bookmark: _Hlk218257342][bookmark: _Hlk218257378][bookmark: _Hlk218258364]Figure 2: Relative importance of he main zooplankton groups (A), of the main rotifers (B), Cladoceran taxa (C), copepods taxa (D), other zooplankton organisms (E) in five dammed lakes in northern Côte d’Ivoire from June 2016 to June 2018.
Bang : Brachionus angularis, Ktro : Keratella tropica, Bcau : Brachionus caudatus, Bfal :Brachionus falcatus, Fopo : Filinia opolensis, other rotifers, Ccor : Ceriodaphnia cornuta, Caff : Ceriodaphnia affinis, Mmic : Moina micrura, Mros :  Macrothrix rosea, Ocla : Other cladocerans, Meso: Mesocyclops sp., Ncop: copépods nauplii, Ther: Thermocyclops sp., Ocop :Other copepods, Lchi : Chironomidae larvae, Ost : Ostracodes sp., cent : Centropyxis aculeata, Olar : other larvae.
Spatial variation in the density and structure of the zooplankton community
The highest mean total zooplankton abundance (547.36 ind/l) was observed at the Noumousso station, while the lowest mean abundance (80.28 ind/l) was recorded at the Mambiandougou station (Figure 3). The Kruskal-Wallis test shows significant spatial variation (p < 0.05) between these two stations.
Spatially, in the Noumousso and Sambakaha stations, the zooplankton community is dominated by rotifers (70-80 %). Copepods (35.51-82.44 %) are the most abundant organisms in the Korokara and Torla stations (Figure 4). In the Mambiandougou station, other zooplankton organisms (42.44 %) constitute the most abundant group, followed by rotifers (25.49 %) (Figure 3).
Seasonally, the mean abundances (115.76 ind/l to 1019.17 ind/l) of zooplankton organisms sampled in Lakes Mambiandougou, Torla, and Noumousso during the dry season are higher than those (44.80 ind/l to 118.80 ind/l) recorded during the rainy season (Figure 4). Conversely, in Lakes Sambakaha and Korokara, zooplankton is more abundant during the rainy season (mean : 373.20 to 411.75 ind/l) and low during the dry season (mean : 16.56 to 25.91 ind/l) (Figure 4). The Mann-Whitney U test shows a significant seasonal variation in total zooplankton abundance for these five lakes (p < 0.05).

Figure 3: Spatial variation in the average abundance of total zooplankton in five reservoir lakes in northern of Côte d’Ivoire. ROT= Rotifers; COP= Copepods; CLAD= Cladocerans; OZPK= Other zooplankton organisms



[bookmark: _Hlk218257665]Figure 4: Spatio-temporal variation of the average abundance of total zooplankton in five dammed lakes in northern Côte d’Ivoire. ROT= Rotifers; COP= Copepods; CLAD= Cladocerans; OZPK= Other zooplankton organisms.

[bookmark: _Hlk218257246]The structure of the zooplankton community during the dry season is marked by the numerical dominance of rotifers at the Noumousso station (90.65 %), Korokara station (63.22 %), and Sambakaha station (41.64 %), cladocerans at the Torla station (42.35 %), and other zooplankton organisms at the Mambiandougou station (58.69 %). 
During the rainy season, copepods dominate the zooplankton community at the Korokara station (84.39 %) and Torla station (37.90 %) while rotifers dominate at the other stations, Noumousso (63.70 %), Mambiandougou (80.62 %) and Sambakaha station (81.49 %) (Figure 4).
Zooplankton and environmental variables
According to the Canonical Correspondence Analysis (CCA), the two axes explained 86% of the observed variance in zooplankton community structure.The ordination in CCA along the two axes allows us to separate 4 groups:
- The first group includes the taxa Brachionus falcatus, B. quadrientatus, Filinia longiseta, Plationus patalus, Testudinella patina, Chironomidae larvae, B. angularis, Lecane styrax, Trichocerca bicistata, Platyias quadricornis, Lecane bulla, Filinia longiseta and B. calyciflorus, which is associated with the Mambiandougou station. This station is characterized by high values of conductivity and dissolved solids.
- Group 2 includes Lecane luna, Copepodites, Moina micrura, Brachionus quadrientatus, Lecane papuana, Mytilina mucronata, copepods nauplii, ostracods, and Thermocyclops sp. It is associated with the Korokara station and characterized by low values of conductivity and dissolved solids rate;
- As for group 3, it includes Ceriodaphnia affinis, Filinia opoliensis, Ceriodaphnia cornuta, Streblocerus sericaudatus, Mesocyclops sp., Brachionus angularis, and Polyarthra vulgaris and is associated with the Noumousso station. It is characterized by high oxygen and pH levels;
- Finally, group 4, containing the species Trichocerca cylindrica, Keratella tropica, Brachionus caudatus, Filinia terminalis, Hexartha mira, Diaphanosoma excisum, Epiphanes macrourus, Brachionus calyciflorus and Polyarthra vulgaris, is associated with the Torla and Sambakaha stations and is characterized by high dissolved oxygen and pH levels
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[bookmark: _Hlk218246282]Figure 5: Canonical correspondence analysis (CCA) showing the relationships between environmental variables, sampled sites and taxa in five small dam lakes in northern Ivory Coast.
(Stations: Sa=Sambakaha, Ko=Korokara, To=Torla, No=Noumousso, Ma=Mambiandougou, Environmental variables: Cond = Electrical conductivity, TDS = Total dissolved solids, DO = Dissolved oxygen concentration, Temp = Temperature, pH = Potential of hydrogen, Biological variables: Fter: Filinia terminalis, Lpap: Lecane papuana, Ktro: Keratella tropica, Cope: Copepodites, Lova: Lepadella ovalis, Ncop: Copepod nauplii, Bcau: Brachionus caudatus, Dexc: Diaphanosoma excisum, Pvul: Polyarthra vulgaris, Ther: Thermocyclops sp.) Tcyl: Trichocerca cylindrica, Bang: Brachionus angularis, Bcal: Brachionus calyciflorus, Epim: Epiphanes macrourus, Mmic: Moina micrura, Flon: Filinia longiseta, Lbul: Lecane bulla, Llun: Lecane luna, Pqua: Platyias quadricornis, Tbic: Trichocerca bicistata, Lsty: Lecane styrax, Lleo: Lecane leontina, Ost: Ostracodes sp., Lchi: Chironomidae larvae, Tpat: Testudinella patina, Mven: Mytilina ventralis, Bqua: Brachionus quadrientatus, Ppat: Plationus patalus, Ains: other insect larvae, Ccor: Ceriodaphnia cornuta, Hmir: Hexartha mira, Sser : Streblocerus Sericaudatus, Fopo: Filinia opolensis, Meso: Mesocyclops sp., Cacu: Centropyxis acuelata, Caff: Ceriodaphnia affinis, Bfal: Brachionus falcatus, Mmuc: Mytilina mucronata.

Discussion
This study identified 74 zooplankton taxa in small reservoir lakes in northern Côte d'Ivoire, reflecting high species richness and notable ecological diversity. This richness is significantly greater than that reported by [2], who identified 30 taxa in these environments. This difference can be explained by several methodological and environmental factors.
Methodologically, the difference in mesh size between the nets used in the two studies likely influenced the observed richness. Indeed, [2] used a larger mesh net (64 µm), which may have allowed small organisms to escape, particularly rotifers and juvenile copepods, which often represent a significant portion of the zooplankton community in tropical waters [24]. In the present study, the use of a finer mesh net allowed for a more comprehensive capture of microorganisms, thus contributing to a better representativeness of the population.
Furthermore, sampling periods are a major explanatory factor. The work of [2] was conducted over a short period (one month), which limits the consideration of temporal and seasonal variations in communities. In contrast, the present study covered two distinct seasons, allowing for a better understanding of seasonal fluctuations in species richness. Rainy and dry periods strongly influence zooplankton structure, nutrient availability, and primary productivity [25, 26]. Therefore, integrating these two observation periods would have facilitated the detection of a greater number of species.
Beyond methodological considerations, the temporal difference between the two studies may also reflect an ecological evolution of the environments. Small dams in northern Côte d'Ivoire have experienced an intensification of uses (fishing, agriculture, livestock watering) and increased organic inputs over the past two decades. These changes may have led to increased productivity and a modification of the zooplankton species composition, favoring the poliferation of opportunistic and euryecic species capable of adapting to more nutrient-rich environments [27]. Thus, the higher richness observed in this study reflects not only an improvement in sampling methods, but also a progressive increase in the complexity of planktonic communities under the influence of seasonal and anthropogenic factors. These results confirm the significant spatiotemporal variability of zooplankton in tropical ecosystems and underscore the need for regular ecological monitoring to understand the dynamics of these populations in a context of environmental change.
Thus, the duration and frequency of sampling are key factors directly influencing observed richness. The more sustained sampling effort in this study therefore yielded a more complete and accurate picture of the true diversity of zooplankton in the small reservoirs of northern Côte d'Ivoire. Several rotifer species (Brachionus quadrientatus, Lepadella ovalis, Hexartha mira) not previously reported were found in most of the five small reservoir lakes studied, with an occurrence rate of 80%.
These results highlight the dynamic and sensitive nature of zooplankton in the face of environmental changes. In particular, the simultaneous presence of indicator taxa of mesotrophic environments (Lepadella ovalis, Hexarthra mira) and typically eutrophic species (Brachionus quadridentatus) suggests trophic variability between the lakes, reflecting contrasting levels of nutrient enrichment. This co-occurrence probably reflects the combined effect of seasonal fluctuations and differential anthropogenic pressures on water bodies.
The results of this study show a strong qualitative and quantitative dominance of rotifers in the zooplankton communities of small reservoir lakes in northern Côte d'Ivoire. This group constitutes the most abundant component of freshwater zooplankton [25], and its predominance has been widely documented in several tropical ecosystems, notably by [28, 29] in the  rivers of Benin and Côte d'Ivoire, and [30] in Lake Kaby. This ecological dominance can be explained by several biological and environmental factors. Biologically, rotifers are opportunistic organisms with short life cycles and a high reproductive capacity (often through parthenogenesis). This allows them to rapidly colonize aquatic environments and maintain abundant populations, even in fluctuating conditions [31]. Their small size and ecological plasticity give them a high tolerance to variations in physico-chemical parameters (pH, oxygen, temperature, turbidity) as well as to anthropogenic disturbances [32, 33]. From an ecological perspective, the dominance of rotifers often reflects a medium to high trophic level. According to [34], the taxonomic composition of rotifers is a reliable indicator of the trophic level of a water body. In particular, species of the genus Brachionus, frequently encountered in this study, are characteristic of mesotrophic to eutrophic waters, that is, moderately to highly nutrient-rich environments [35]. These species thrive preferentially in environments rich in organic matter and phytoplankton, where they find abundant food and relative ecological stability.
In the small reservoir lakes studied, the high nutrient load due to runoff and human activities (agriculture, fishing, soil leaching) promotes the proliferation of rotifers. Their dominance therefore indicates both high biological productivity and a high trophic state of the environment. Furthermore, the ability of rotifers to efficiently exploit microalgae and bacteria as a food source gives them a competitive advantage over other zooplankton groups, particularly cladocerans and copepods, which require more stable conditions and a more selective feeding regime.
Thus, the predominance of rotifers in the lakes of northern Côte d'Ivoire reflects an optimal adaptation to the ecological variability of small tropical reservoirs and confirms their role of sensitive biological indicators of the trophic level and ecological quality of aquatic environments.
Furthermore, seasonal disparities in zooplankton density are observed between different bodies of water. The high average total abundance of zooplankton in the small dam lakes of Mambiandougou, Torla, and Noumousso during the dry season could be explained by physicochemical conditions favorable to biological productivity. Indeed, the higher temperatures recorded during this period accelerate the metabolism of phytoplankton, the main food source for zooplankton. Moreover, the decrease in water volume due to evaporation leads to a concentration of nutrients (nitrogen, phosphorus, etc.), thus promoting high primary production. This abundance of phytoplankton, in turn, stimulates zooplankton growth, as highlighted by [36,37], who indicate that nutrient richness is crucial for plankton development. Similar observations were reportedby [38] in the Bagoe River, where the dry period also coincided with a peak in zooplankton density.
Conversely, in the small dammed lakes of Sambakaha and Korokara, zooplankton is more abundant during the rainy season. This difference in dynamics could be attributed to specific local factors related to the morphology of the lakes, the nature of their watersheds, and their hydrological inputs. Indeed, rainfall brings runoff rich in nutrients leached from the surrounding soils. These inputs increase the fertility of the aquatic environment, thus promoting the development of phytoplankton, and subsequently zooplankton [39, 40]  .Similar results were obtained by[41] in Lake Kariba (Zambia and Zimbabwe), by [42] in the Ologea Lagoon (Southwest Nigeria), and by [43] in the upper reaches of the Bandaman, which also observed maximum zooplankton density during the rainy season.
Furthermore, although taxonomic richness at the stations is significantly higher during the rainy season, only the Mambiandougou station (H' = 2.33 bits/individual) has a Shannon-Weaver index (H') value greater than 2. According to [43], the diversity at this station is high. However, the population distribution is unbalanced at this station, as the Piélou Evenness value (E = 0.63 bits/individual) is less than 0.8 bits/individual.
The results of the canonical correspondence analysis (CCA) show that the variables strongly associated with taxon distribution are electrical conductivity, dissolved solids content, pH, and dissolved oxygen content.
This group 1, associated with the Mambiandougou station and dominated by rotifers such as Brachionus falcatus, Brachionus quadridentatus, Filinia longiseta, Plationus patulus, and Testudinella patina, is linked to high values of conductivity and dissolved solids. These parameters indicate a more mineralized and eutrophic environment, rich in ions and dissolved matter. Species of the genera Brachionus and Filinia are well known for their tolerance of nutrient-rich environments and their ability to thrive in waters with low organic matter content. Thus, the dominance of this group at Mambiandougou suggests high productivity of the environment, likely due to a high concentration of nutrients resulting from leaching or evaporation.
The second group associated with the Korokara station, comprising Lecane luna, Moina micrura, Mytilina mucronata, Lecane papuana, as well as copepodites and copepod nauplii, is characterized by low conductivity and dissolved solids values.
This type of environment reflects soft, low-mineral water, typical of areas receiving significant rainfall or runoff. Cladocerans such as Moina micrura and copepods of the genus Thermocyclops find favorable conditions there, particularly due to the presence of a well-oxygenated and stable water column.
Thus, the Korokara zooplankton appears to be adapted to more dilute environments with lower mineral content.
The third group associated with the Noumousso station, represented by Ceriodaphnia affinis, C. cornuta, Streblocerus sericaudatus, Mesocyclops sp., Brachionus angularis, and Polyarthra vulgaris, is associated with high dissolved oxygen and pH levels. These conditions indicate strong photosynthetic activity and a well-aerated environment, conducive to the development of species sensitive to deoxygenation. Cladocerans of the genus Ceriodaphnia are indicators of relatively neutral to slightly alkaline waters rich in phytoplankton. The composition of this group reflects ecological balance and good water quality at Noumousso.
The fourth group associated with the Torla and Sambakaha stations, comprising Trichocerca cylindrica, Keratella tropica, Brachionus caudatus, Filinia terminalis, Diaphanosoma excisum, and Epiphanes macrourus, is also associated with high dissolved oxygen and pH levels. These species are typical of well-oxygenated environments with high photosynthetic productivity, often linked to abundant phytoplankton. The co-occurrence of Brachionus and Keratella indicates the presence of a eutrophic but undegraded environment, while the presence of Diaphanosoma indicates good oxygen availability and a relatively clear water column.
4. Conclusion

The study conducted in the small reservoirs of northern Côte d'Ivoire revealed 74 collected taxa belonging to four zooplankton groups : Rotifers (51 species), Cladocera (13 species), Copepods (5 taxa), and Other Organisms (5 taxa), distributed among 24 families. 35 taxa were constant, 11 accessory, and 25 accidental. Rotifers were the most diverse zooplankton group, representing at least 73% of the taxa. The highest densities were observed in the Noumousso and Korokara small reservoirs. The Mambiandogou small reservoir had the lowest zooplankton density.
The results indicate that the rainy season is associated with an increase in zooplankton taxonomic richness in all the lakes studied. Rotifers dominate the zooplankton community in both richness and density, with a high abundance of Brachionus angularis in Lakes Noumousso and Sambakaha. Seasonal disparities in zooplankton density are observed between the different water bodies. The average total zooplankton density was high in the small reservoir lakes of Mambiandougou, Torla, and Noumousso during the dry season, while in the small reservoir lakes of Sambakaha and Korokara, zooplankton is more abundant during the rainy season. The variables strongly associated with taxonomic distribution are electrical conductivity, dissolved solids content, pH, and dissolved oxygen content.
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