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Zooplankton play a substantial role in the ecology of aquatic
ecosystems and are usually used as bioindicators to assess their health.
This study aims to assess the structure and diversity of Zooplankton
community in Taabo reservoir. Zooplankton were sampled at five sites
along a transect of seven kilometers every 45 days from November
2017 to October 2018 using a net of 20 um mesh size. A total of 77
taxa belonging to four groups (59 rotifera, ten cladocera, five copepoda

Taabo Reservoir, Cote D’ivoire and three other zooplankton). High diversity of zooplankton (more than

87 %) was reported in the littoral areas (S1 and S5). The proportion of
very frequent taxa are the most numerous at all the sampling sites, and
Sorensen similarity indexes between these sites are higher than 80%.
Zooplankton abundance was higher during the dry season at all sites.
Zooplankton community of Taabo reservoir was qualitatively (76.6 %
of the taxonomic richness) and quantitatively (more than 68.35 % of
the relative abundance) dominated by rotifers group. Shannon-Weaver
diversity and Pielou Evenness indices were lower in long rainy season
than the other seasons. The RDA analysis shows that the abundances of
zooplankton taxa such as Mesocyclops sp., Thermocyclops sp.,
Ceriodaphnia cornulata and Diaphanosoma excisum were positively
affected by conductivity, water depth, pH, TP, and TN. However, water
transparency and temperature had positively influenced the abundances
of zooplankton taxa such as Anuraeopsis fissa, Brachionus angularis,
Brachionus caudatus, Brachionus falcatus, Keratella Lenzi, Keratella
tropica, Hexathra intermediaire, Epiphanes macrourus, Filinia
opoliensis, Lecane leontine, and Nauplii. Zooplankton community was
affected by anthropogenic disturbances.

Copy Right, 1JAR, 2022. All rights reserved.
Introduction:-

Reservoirs are aquatic ecosystems recognised for their social, economic and ecological importance (Fan et al.,
2019). They are an essential source of water resources for the development of ecosystem services and biodiversity
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(Cooke et al., 2016). These reservoirs, beyond their socio-economic importance, shelter a great diversity of
biological and aquatic organisms mainly represented by the ichthyofauna, macroinvertebrate and plankton
(phytoplankton and zooplankton). Zooplankton communities occupy a crucial position in the food web of a lake and
are sensitive to anthropogenic disturbances (Jeppesenet al., 2011). They are primary consumer in the aquatic
ecosystems and feed on many types of phytoplankton, free-living algae, and on particulate organic substances
(Mwagona et al., 2018). Zooplanktons are also sensitive to change in water quality and therefore are usually use as
bioindicators to assess water quality (Wang et al., 2020). Their composition, distribution and structure are directly
related to food availability and quantity, and water quality (Ma et al., 2019; Makwinja et al., 2021). However,
reservoirs are under many pressures from various kinds of disturbances and both human land-use practices and
natural disturbance (Mwagona et al., 2018).

Africa’s freshwater systems are being degraded at an alarming rate despite their economic, social and ecological
importance (Hill et al., 2020). In Céte d’Ivoire, Taabo reservoir has been created since 1979 on river Bandama for
drinking water supply, irrigation for agriculture and hydroelectric power generation. Unfortunately, over the last
decade, this reservoir is under increasing anthropogenic pressure mainly due to human activity, such as agricultural
practices and pastoralism in its catchment area (Groga et al., 2012). This disturbance is characterized by the
presence of aquatic macrophyte covering 26 % of the total reservoir area (Vie, 2005). These invasive macrophytes
are located along the northern part of the reservoir, which receives more sediment and nutrients (Anoh et al., 2012).

In Céte d’Ivoire, the diversity and structure of zooplankton community in reservoirsare little known. The only
studies were those of Aka et al. (2000) in 49 shallow tropical reservoirs in the North of Cote d’Ivoire, Fofana et al.
(2019) in lake Kaby and Ouattara et al. (2007) in Bia and Agnebi rivers. Zooplankton community of Taabo
reservoir is not known. To our knowledge, no study has deal with the diversity and ecological requirement of
zooplankton in this reservoir.

The aims of this study were (i) to make the first inventory of zooplankton community in Taabo reservoir (ii) to
assess the spatial and seasonal variability of this community in Taabo reservoir and (iii) to investigate the
relationships between zooplankton densities and environmental variables in Taabo reservoir.

Material And Methods:-

Study area and sampling sites

Taabo reservoir (Fig 1) is located in the central part of Céte d’Ivoire (6°25'- 6°56' N, 5°07'-5°33"' W). It covers an
area of 69 km?, with a mean depth of 16 m and a maximum depth of 30 m. Water residence time in the reservoiris
approximately 49.2 days (Kouassiet al., 2007). The climate is characterized by four seasons (two rainy seasons and
two dry seasons). The rainy seasons are represented by a long rainy season (LRS) from April to July and a short
rainy season (SRS) from October to November. The two dry seasons are represented by a long dry season (LDS)
from December to March and a short dry season (SDS) from August to September (Kouassiet al., 2013). The mean
annual precipitation varies from 1100 to 1600 mm, and the mean annual air temperature ranges between 24.5 °C and
34 °C (Aliko et al., 2010).

Data were collected during the one-year survey from November 2017 to October 2018 at five sampling sites (S1 -
S5) of the lake along a transect of seven kilometers in the open water area near the dam. Samples were collected
every 45-days period. Sites S1 and S5 are located at nearshore area. Concerning sites S2 and S4, they are adjacent to
the littoral zone. Site S3 is located in the deepest area of the lake. The sampling sites S1, S2 and S5 are more
affected by anthropogenic activities (agriculture, domestic waste, fish farming, etc.) than the sites S3 and S4. The
characteristics of the sampling sites are described in Tab 1.

Environmental variable

The environmental variables measured to assess water characteristics of Taabo reservoir were water temperature,
conductivity, pH, dissolved oxygen, water depth, water transparency, and nutrient concentrations (Total nitrogen
and Total phosphorus).

Water samples for physical and chemical parameters analyses were collected at two depths (0.5 and 1 m) using a
Van Dorn bottle at each sampling site. Water conductivity and temperature were measured using a conductivity
meter (WTW COND 340-i model). A pHmeter (HANNA, Hi 991001 model) was used to measured water pH.
Dissolved oxygen was measured with an oximeter HANNA (Hi 9146 model), water depth and transparency were
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Fig 1:- Map showing the location of sampling sites in Taabo lake (Céte d’Ivoire): S1 - S5 = sampling sites.

Table 1:- Coordinates and characteristics of the sampling sites use for zooplankton sampling in Taabo reservoir
(Cote d’Ivoire).

Sampling sites | Latitude Longitude Mean Characteristics of the sampling sites
(N) (W) depth (m)
S1 06°15'46.6" | 05°04'57.4" 2.8 Urban area of the reservoir, cattle farming on the
bank, agriculture, bathing and washing activities
S2 06°15'42.5" | 05°04'59.3" 8 Fish farming operation into the reservoir
S3 06°15'06.3" | 05°05'11.2" 19.7 Fishing area
S4 06°13'00.8" | 05°06'13.7" | 8.5 Fishing area
S5 06°12'59.2" | 05°06'14.6" 3.2 Rural zone of the reservoir, fishing area, agriculture

measured respectively with a portable sounder ECHOTEST model, and a Secchi disk (20 cm diameter black and
white). Spectrophotometer (HACH DR 2010 model) was used to measured nutrient concentrations in the water.
Total nitrogen (TN) and Total phosphorus (TP) analysis were determined in the samples using standard method NF
EN 1SO 10304-1 (2009).

Zooplankton sampling

Zooplankton samples were collected with one vertical hauls from 1 m of depth to the surface using the plankton net
(34 cm in diameter, 108 cm in length, 20 um mesh size) at each sampling site of Taabo reservoir. The net was towed
at a speed of approximately 0.5 m.s™%. All the samples were fixed with formaldehyde solution at 5 %. Estimation of
species composition in zooplankton samples was carried out by examining several small fractions of each sample
under microscope (Zeiss). Zooplankton taxa were identified to the lowest taxonomic level possible using the keys of
Pontin (1978); Pourriot (1980); Rey and Saint-Jean (1980); Idris (1983) and Shiel (1995). For the abundance
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analysis, three counts of 1.5 ml subsamples were made on a Sedwick-Rafter having 100 ml (Doulka and Kehayias,
2008).

Data analysis

Zooplankton community structure was described through taxonomic richness, frequency of occurrence, Sorensen
similarity index, Shannon-Weaver diversity index, and Pielou evenness index. The Sorensen similary index was
used to assess zooplankton taxonomic similarity between sampling sites. The frequency of occurrence (FO) of each
specie was calculated using the following formula: FO = (Ni/Nts) x100; with Ni = number of samples containing a
given specie i and Nts = total number of samples collected. The FO was used to classify taxa following Dajoz
(2000): FO > 50 (common taxa); 25 < FO < 50 (occasional taxa); FO < 25 (rare taxa).

Differences in zooplankton abundance, Shannon-Weaver diversity index, Pielou evenness index and environmental
parameters between sampling sites and sampling months were evaluated using Kruskal-Wallis test, a non parametric
analysis of variance, followed by Mann-Whitney test. Before performing comparison test, normality of data was
checked by Shapiro test (p > 0.05 at all sampling sites). Analyses were conducted using Rstudio R 3.1.3 (R Core
Team, 2013). Statistical analyses were performed at a level of significance of p < 0.05.

In order to assess relationships between zooplankton community and environmental variables, ReDundancy
Analysis (RDA) was performed based on the data matrix of zooplankton densities.

Zooplankton densities and environmental variables were logio (X+1) transformed prior to analysis. Monte Carlo
permutation test (499 permutations) were done so as to identify a subset of measured environmental variables, which
exerted significant and independent influences on zooplankton distribution at p < 0.05 (Van Tongeren et al., 1992).
RDA was performed using CANOCO 4.5.

Results:-

Environmental variables

The spatial variations of the environmental parameters recorded in this study are shown in Fig 2. Temperature varied
from 26.9 °C (S5) to 33.7 °C (S1). The lowest conductivity value (71.97 uS.cm) was recorded at the littoral site S1,
and its highest value (134.67 pS.cm) was noted at the site S2 (sublittoral). The dissolved oxygen values in the
study area varied from 3.7 mg.L* (S1) to 7.1 mg.L* (S3). Site S1 registered the highest value (9.8) of pH, and site
S5 recorded the lowest value (6.5). Concerning water transparency, it was significantly higher (120 cm) at the
deepest site S3 than the other sites (Mann-Whitney test; p < 0.05). Regarding the nutrient concentrations (TN; TP),
their highest values were recorded at site S2 (TN = 2.9 mg.L; TP = 0.71 mg.L™Y), while their lowest values were
reported at site S1 (TN = 0.27 mg.L'Y; TP = 0.11 mg.LY). Except water transparency, the other physical and
chemical parameters recorded in Taabo reservoir did not varied significantly between the sampling sites (Kruskal-
Wallis test; p > 0.05).

Tab 2 shows the median, minimum and maximum values of the environmental variables recorded during the
sampling seasons in Taabo reservoir. Maximum value (33.7 °C) of water temperature was registered in Long Dry
Season (LDS) and the minimum value (26.9 °C) was observed in Short Rainy Season (SRS). Water temperature was
significantly higher during the LDS than the other seasons (Mann-Whitney test; p < 0.05). The highest conductivity
value (134.67 puS.cm) was recorded in SRS and the lowest value (71.97 pS.cm™) was noted in LDS. Conductivity
values registered in rainy seasons were significantly higher than those reported in dry seasons (Mann-Whitney test;
p < 0.05). The lowest dissolved oxygen value (3.7 mg.L™?) was registered in the Long Rainy Season (LRS) and the
highest value (7.1 mg.L™) was recorded in Short Dry Season (SDS). Dissolved oxygen was significantly lower in
SRS (Mann-Whitney test; p < 0.05). Taabo reservoir water was slightly basic with pH median values ranged
between 7.06 (SRS) and 8.51 (SDS). pH did not varied significantly between seasons (Kruskal-Wallis test; p >
0.05). Concerning water transparency, it’s significantly higher in LDS with a maximum value of 120 cm (Mann-
Whitney test; p < 0.05). The high nutrient concentrations were recorded in SRS (TN = 2.9 mg.L%; TP = 0.8 mg.L?).
However, the lowest values were registered in LDS (TN = 0.28 mg.L?; TP = 0.05 mg.L™). Nutrient concentrations
were significantly higher in rainy seasons than dry seasons (Mann-Whitney test; p < 0.05).

Zooplankton composition, distribution, frequency of occurrence, and taxonomic similarity
Zooplankton community recorded in Taabo reservoir revealed 77 taxa belonging to four groups (rotifera, cladocera,
copepoda and others zooplankton). Rotifera with 59 taxa were the most diversity group. This group was followed by
cladocera with ten taxa, copepod with five taxa and the other zooplankton with three taxa (Tab 3). Littoral zones of
the reservoir (S1 and S5), with more than 87 % of the taxa richness were the most richness areas.
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Fig 2:- Boxplots showing the spatial variations of the environmental variables recorded in Taabo reservoir sampling
sites (Cote d’Ivoire): different letters denote significant differences between sampling sites (p < 0.05; Kruskall-
Wallis test).

Table 2:- Minimum, maximum and median values of the environmental variables measured at five sampling sites in
Taabo reservoir (Cote d’Ivoire): Min = minimum; Max = maximum; Med = median; median values with a letter (a
and b) in common do not differ significantly (Kruskal-Wallis test; p > 0.05).

Parameters Values LDS LRS SDS SRS
Min 31 27.7 29.2 26.85
Temperature (°C) Max 33.7 29.8 30.85 29.55
Med 32a 28.8b 30.1ab 2854 a
Min 71.9 84.7 76.1 99.35
Conductivity (uS.cm™) Max 90 130.3 94.7 134.67
Med 77.7a 106.6 b 88.2a 110.7b
Min 5.72 3.7 5.12 4
Dissolved oxygen (mg.L?) Max 6.78 6.5 7.1 5.97
Med 6.55a 5.4 ab 5.71ab 474 b
Min 7 7.20 8.85 6.5
pH Max 8.02 8.6 9.77 8.89
Med 75a 7.7a 8.5la 7.06 a
Min 80 38 40 22
Transparency (cm) Max 120 95 110 98.3
Med 90 a 60 ab 60.3 ab 325b
Min 0.28 0.59 0.39 0.53
Total nitrogen (mg.L™?) Max 0.47 1.05 1.01 2.9
Med 0.36a 0.72b 0.42a 1.13b
Min 0.11 0.24 0.05 0.2
Total phosphorus (mg.L™?) Max 0.72 0.67 0.23 0.84
Med 0.13a 0.33b 0.17a 0.39b
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Table 3:- Taxonomic composition and the frequency of occurrence (FO) of zooplankton recorded in Taabo reservoir
(Céte d’Ivoire): * = rare taxa; ** = occasional taxa ; *** = common taxa.

Zooplankton taxa Acronyms Sampling sites

S1 S2 S3 S4 S5
COPEPODA
Cyclopidae
Copepodites Cope *kk *kk *kk *kk *kk
Mesocyclops Sp. Mesp Hkk Hkk HAkk Hkk Kkk
Thermocyclops Sp. ThSp Kkk Kkk Kkk Fkk F*kk
Harpactidae
Harpacticoida undetermined Harp * *
undetermined
Nauplii Naup *kk *kk *kk *kk *kk
CLADOCERA
Bosminidae
Bosmina longirostris Miller Bolp el *x Hkk Hkk Hedkek
Bosminopsis dietersi Dodson & Frey Bodi * * bl *k *x
Chydoridae
Alona sp. Alsp * * ok %
Alona affinis Leyd Alaf
Pleuroxus striatus Schoedler Plst * * e
Daphnidae
Ceriodaphnia cornulata Sars Ceco Fkk Fkx Hkx Hkk Kk
Scapholebris sp. Scsp Hx * e *
Simocephalus sp. Sisp * falaad falaad Hkk Hx
Moinidae
Moina micrura Kurz Momi folelad *xk falaad Hkk *kk
Sididae
Diaphanosoma excisum Sars Diex kel Hxx kel Hkk Kk
ROTIFERA
Asplanchnidae
Asplanchna sp. 1 Aspl *x Kk Kk Kk Kk
Asplanchna sp. 2 Asp?2 *x Kk Kk Kk Kk
Brachionidae
Anuraeopsis coelata De Beauchamp Anco *
Anuraeopsis fissa Gosse Anfi kel Fxk HxK Hkk *kk
Anuraeopsis navicular Rousselete Anna kel fadaid kel Hkk Kk
Brachionus angularis Gosse Bran kel Hxx kel Hkk Kk
Brachionus calyciflorus Pallas Brca *x ** kel * *k
Brachionus caudatus Barrois & Daday Baca kel Hxx kel Hkk Kk
Brachionus falcatus Zacharias Brfa kel Hxx kel Hkk Kk
Brachionus patulus Miller Brpa Hkk * Tk e >k
Keratella cochlearis Gosse Keco kel HxK HxK Hkk kK
Keratella Lenzi Hauer Kele kel HxK HxK Hkk kK
Keratella tropica Berzins Ketr ekl HxK HxK Hkk kK
Notholca sp. Nosp Kk *k Kk *k *k
Platyias quadricornis Ehrenberg Plqu **
Colurellidae
Colurella sp. Cosp * * *
Lepadella ovalis Miiller Leov *x *
Collothecidae
Collotheca sp. Clsp *
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Table 3:- Continued.
Zooplankton taxa Acronyms Sampling sites

S1 S2 S3 S4 S5
Hexarthridae
Hexathra intermediaire Wiszniews Hein folelad falaad i Hkk Hkk
Epiphanidae
Epiphanes clavulata Ehrenberg Epcl Hokk Hokk *kk | Kkk e
Epiphanes macrourus Barrois & Daday Epma Hkk Hkk Kk *kk Hkk
Euchlanidae
Euchlanis dilatata Ehrenberg Eudi *
Filinidae
Filinia longiseta Ehrenberg Filo Hokk jr— ok ok s
Filinia opoliensis Zacharias Fiop Hokk Hkk *kk | Kkk oy
Filinia pejleri Hutchinson Fipe S Hkk
Filinia terminalis Plate Fite wkk | ARk | kak | Kk e
Gastropodidae
Ascomorpha sp. Assp wkx | kA% | * * o
Gastropus sp. Gasp Hox * s — o
Lecanidae
Lecane bulla Gosse Lebu Fkk | kkk | kkk | kkk | ok
Lecane closterocerca Schmarda Lecl *
Lecane flexilis Gosse Lefl *k *k *k s ey
Lecane leontine Turner Lele Kkk | Kkkk | kkk | kkk | Kkk
Lecane luna Muller Lelu I [ ey
Lecane papuana Murray Lepa * e
Lecane sp. Lesp *
Notommatidae
Cephalodella sp. Cesp *
Monommata maculata Harring & Meryers Moma ool * ol *x
Notommata sp. Ntsp *
Scaridium sp. Sasp * *
Proalidae
Proalides sp. Prsp Hox * *
Synchaetidae
Pleosoma sp. Plsp * wok *
Polyarthra vulgaris Carlin Povu *xk * FkK kK Hkk
Polyarthra sp. 1 Pspl = * Kk Kk o
Polyarthra sp. 2 Psp2 = * Kk Kk o
Synchaeta sp. Sysp * *
Testudinellidae
Pomphulyx sp. Posp *
Trichocercidae
Trichocerca chattoni De Beauchamp Trch folekad *x Fxk kK HhK
Trichocerca cylindrique Imhof Trey folekad *hk Fxk kK HhK
Trichocerca mus Hauer Trmu * *x **
Trichocerca pusilla Lauterborn Trpu whk | Kk 3 kx| %
Trichocerca rousseleti Voigt Trro ol * whk |k *
Trichocerca similis Wierzezski Trsi folekad *hk Fxk kK HhK
Trichocerca weberi Jennings Trwe ol *x Fkk | ok *x
Trichocerca sp. 1 Tspl kK ke *hk *hk *kk
Trichocerca sp. 2 Tsp2 * * * * *
Trichocerca sp. 3 Tsp3 * * * * *
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Table 3:- end.
Zooplankton taxa Acronyms | Sampling sites

S1 S2 [S3 |S4 |S5
Trichocerca sp. 4 Tsp4 * * * * *
Trichocerca sp. 5 Tsp5 * * * * *
Trichocerca sp. 6 Tsp6 * * * *
OTHER ZOOPLANKTON
Chaoboridae
Larves de Chaoborus Lach ok *
undetermined
Hydracarina sp. Hydr * *
Protozoaire Proto * * * *
Total 77 69 55 |61 |62 |67

The proportion of common taxa (FO > 50 %) are the most numerous at all the sites with percentages ranging
between 49.3 % (S5) and 65.6 % (S4) (Tab 4). For the occasional taxa (25 < FO < 50 %), the highest proportion
(22.4 %) was observed at site S5, whereas the lowest proportion (13.1 %) was noted at site S3. Regarding the rare
taxa (FO < 25 %), the highest proportion was noted at site S1 (28.98 %), and the lowest proportion was observed at
site S3 (21.3 %). Taxa such as Copepodites, Mesocyclops sp., Thermocyclops sp., Nauplii, Ceriodaphnia cornulata,
Diaphanosoma excisum, Moina micrura, Anuraeopsis fissa, Anuraeopsis navicular, Brachionus angularis,
Brachionus caudatus, Brachionus falcatus, Keratella cochlearis, Keratella Lenzi, Keratella tropica, Hexathra
intermediaire, Epiphanes macrourus, Filinia opoliensis, Lecane leontine, Trichocerca cylindrique, and Trichocerca
similis had high occurrence (FO > 50 %) in all the sampling sites. Forty one taxa were common to the five sampling
sites.

The highest values (more than 80 %) of Sorensen similarity index between all the sampled sites highlight the great
homogeneity in zooplankton community among the sites (Tab 5).

Tableau 4:- Proportions of common (***), occasional (**) and rare (*) taxa of zooplankton at the five sampling
sites (S1 - S5) in the Taabo reservoir (Cote d’Ivoire).

Sites Common taxa (%) Occasional taxa (%) Rare taxa (%)
S1 52.18 18.84 28.98

S2 58.18 14.54 27.28

S3 65.6 13.1 21.3

S4 56.45 16.14 27.41

S5 49.3 22.4 28.3

Tableau 5:- Proportions of the Sorensen similarity index between the five sampling sites (S1 - S5) of zooplankton
in Taabo reservoir (Cote d’Ivoire).

S1 S2 S3 S4
S2 85 %
S3 89 % 90 %
S4 90 % 92 % 90 %
S5 93 % 88 % 87 % 89 %

Densities and relative abundances of zooplankton

The high value (1788.77 Ind.L?) of zooplankton total abundance was registered at site S4, and the low value
(166.91 Ind.LY) was recorded at site S1 (Fig 3a). Zooplankton total abundance was significantly higher at site S4
than the others sites (Mann-Whitney test; p < 0.05). Concerning the relative abundance of the zooplankton groups
identifies in Taabo reservoir, rotifer were the most dominant group at all the sampling sites with more than 68.35 %
of the relative abundance. This group was followed by the copepoda and cladocera at all the sites (Fig 3b).
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Fig 3:- Spatial variations of the total zooplankton abundance (A) and the relative abundance of zooplankton groups
(B) in Taabo reservoir (Cote d’Ivoire).

The highest values of zooplankton abundances were recorded in dry seasons, and the lowest abundances were noted
in rainy seasons at all the sampling sites (Fig 4). These high values were observed in January at all the sites: S1
(1645.87 Ind.L-1) ; S2 (2138.20 Ind.LY) ; S3 (2448.51 Ind.L?) ; S4 (2940.8 Ind.L) and S5 (1788.77 Ind.L?). In
contrast, the lowest values of abundance were recorded in November at sites S1 (166.91 Ind.L™?) ; S2 (569.32 Ind.L"
1) ; S3 (632.08 Ind.L?) ; S5 (429.87 Ind.L) and in June at site S4 (910.43 Ind.L™). The seasonal variability of
zooplankton density shows that zooplankton densities were significantly higher (Mann-Whitney test; p < 0.05) in
dry seasons than rainy seasons (Tab 6).

Rotifera group represents the most dominant group in zooplankton community of Taabo reservoir at all the sampling
sites and months (Fig 5). Rotifera abundance varied from 124.34 Ind.L™? in November (SRS) to 2256.47 Ind.L? in
September (SDS). Rotifera were followed by copepods at all the sampling sites and months. Copepods abundances
varied from 27.87 Ind.L? in November (SRS) to 1142.2 Ind.L* in January (LDS). After rotifera and copepoda,
cladocera, was the most dominant group at all the sampling sites and months. Cladocera abundances varied from
4.26 Ind.L! (September) to 286.26 Ind.L! in February (LDS). The abundance of the others zooplankton remains
low than those of the major zooplankton groups at all the sampling sites and months. Their highest abundance
(28.77 Ind.L?) was observed at site S1 in October (SRS). At the other sites, their abundances remains below 5.11
Ind.Lat all the sampling months.

Diversity indices

The lowest value of Shannon-Weaver diversity (2.2 bits.cell’Y) and Pielou Evenness (0.65) were registered at site S1
(Fig 6) ; while, the highest values (Shannon-weaver diversity index: 3.37 bits.cell™* and Piélou Evenness index: 0.96)
were recorded at site S4. However, Shannon index and Pielou Evenness index were not significantly different
between sampling sites in Taabo reservoir (Kruskall-Wallis test; p> 0.05). Temporal variation of Shannon diversity
index indicates that the lowest value was recorded in July (2.22 bits.cell’!) at LRS and the highest value was
recorded in February (3.37 bits.cell!) at LDS. The highest value of Pielou Evenness index was observed in February
(0.96) during the LDS and the lowest value was noted in April (0.65) during LRS. Shannon’s diversity and Evenness
indices were significantly lower in LRS than the other seasons (Mann-Whitney test; p < 0.05).



ISSN: 2320-5407

Int. J. Adv. Res. 10(09), 258-274

3500

3000 A

2500 A

2000 A

1500 4

Total abundanee (Ind.1-! )

1000 +

500 A

- 84

S1
S2
S3

S5

SRS

T T T T T
Nm:,17| Tan-18 Peb-18| A8 Jum-18

LRS

T
Sep-18

T
Jul-18 |
SDS

T
Oct-18
SRS

Fig 4:- Temporal variations of the total zooplankton abundance in Taabo reservoir (Cote d’Ivoire): S1- S5 =
sampling sites ; Jan = January ; Feb = February ; Apr = April ; Jun = June ; Sept = September ; Oct = October; Nov
= November; LRS = long rainy season, SDS = short dry season, SRS = short rainy season ; LDS = long dry season.

Table 6:- Results of the seasonal variability analysis of total zooplankton densities collected in Taabo reservoir
2018 (Cote d’Ivoire): values with a letter (a and b) in common do not differ significantly (Kruskal-Wallis test; p >

0.05).
Abundance Long dry season | Long rainy season | Short dry | Short rainy season
(Ind.LY) (LDS) (LRS) season (SRS)
(SDS)
Maximum 2940.8 2108.20 2640.8 961.62
Minimum 1181.93 474.29 1045.25 166.91
Médian 1807.75 a 77177 b 1526.72 a 615.31 b
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Fig 5:- Temporal variations of the abundance of zooplankton groups in Taabo reservoir (Cote d’Ivoire): S1 - S5 =
sampling sites ; Jan = January ; Feb = February ; Apr = April ; Jun = June ; Sept = September ; Oct = October; Nov
= November; LRS = long rainy season, SDS = short dry season, SRS = short rainy season ; LDS = long dry season.
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Fig 6:- Boxplots showing spatial and temporal variations of Shannon index and Pielou’s Evenness index of Taabo
reservoir (Cote d’Ivoire): Nov = November, Jan = January, Feb = February, Apr = April, Jun = June, Jul = July, Sep
= September, Oct = October, LRS = long rainy season, SDS = short dry season, SRS = short rainy season, LDS =
long dry season, different letters denote significant differences between sampling sites (p < 0.05; Kruskal-Wallis
test).

Taxa relationships with environmental variables

The relationships between the environmental variables and the abundance of the mains zooplankton taxa were
assessed using the redundancy analysis (RDA). Only the twenty-one (21) zooplankton taxa conforming more than
10 % of total zooplankton abundance were considered for this analysis. The result of RDA explained 68 % of the
data variability in the first two ordination axes (Fig 7).

The first axis (56.98 %) shows a seasonal gradient clustering in his positive coordinates, the samples from rainy
seasons and in his negative coordinates, the samples from dry seasons. Environmental variables such as
conductivity, water depth, pH, TP, and TN were strongly and positively correlated with the first axis. The
abundances of zooplankton taxa such as Mesocyclops sp., Thermocyclops sp., Ceriodaphnia cornulata and
Diaphanosoma excisum were positively affected by these variables. However, water transparency and temperature
were strongly and negatively correlated with axis 1. These environmental variables positively influence the
abundance of zooplankton taxa, such as Anuraeopsis fissa, Brachionus angularis, Brachionus caudatus, Brachionus
falcatus, Keratella Lenzi, Keratella tropica, Hexathra intermediaire, Epiphanes macrourus, Filinia opoliensis,
Lecane leontine, and Nauplii. Dissolved oxygen was negatively correlated with the second axis (axis 2).

11



ISSN: 2320-5407 Int. J. Adv. Res. 10(09), 258-274

<
P A,
-
Dsz.sm;%; e Thsp
5
Epma Hem Ketr I:ISl L Depm %5
Nﬂﬂp A A Aﬂf Trsi ASS Th i
“ S5 S Keco o M1 Ceco®, |@1rs
g3 St ﬂ 52 =2 CND ESRS
0 LDS
Trams >3 pH“sz 3 & | Qsps
j 452 @)
Lele Fiop 0 s4 Diet
OD|
<
-1.0 Axiz1 1.0

Fig 7:- ReDundancy Analysis triplot showing zooplankton species and sampling sites, and seasons in relation to
environmental variables in Taabo reservoir (Céte d’Ivoire): T = temperature; CND = conductivity; DO = dissolved
oxygen ; TRANS = Transparency; sampling sites = S1 - S5 ; Cope =Copépodites ; Mesp = Mesocyclops sp. ; Thsp =
Thermocyclops sp. ; Naup = Nauplii ; Ceco = Ceriodaphnia cornulata ; Dies = Diaphanosoma excisum ; Momi =
Moina micrura ; Anfi = Anuraeopsis fissa ; Anna = Anuraeopsis navicular ; Bran = Brachionus angularis ; Brca =
Brachionus caudatus ; Brfa = Brachionus falcatus ; Keco = Keratella cochlearis ; Kele = Keratella Lenzi ; Ketr =
Keratella tropica ; Hein = Hexathra intermediaire ; Epma = Epiphanes macrourus ; Fiop = Filinia opoliensis ; Lele
= Lecane leontine ; Trcy = Trichocerca cylindrique ;Trsi = Trichocerca similis; LRS = long rainy season ; SDS =
short dry season ; SRS = short rainy season ; LDS = long dry season.

Discussion:-

The analysis of environmental variables in Taabo reservoir has shown that the seasonal variation was more
significant than the spatial variations. This spatial invariability of environmental variables could be explained by the
location of all the sampling sites on the same radial near the dam. It could also be linked to the slow renewed of the
reservoir’s waters. The spatial invariability of environmental variables in Ivorian’s reservoirs has been shown by
authors such as Adon et al. (2012) in Adzope reservoir and Aka et al. (2020) in Fae reservoir. Temperatures
recorded in Taabo reservoir remain within the range of temperatures measured on lakes in Cote d'lvoire (Aka et al.,
2020; Dotchemin et al., 2021) and West Africa (Mama et al., 2011; Zébazé Togouet et al., 2011). Moreover, high
transparency values observed during this season reflect a great penetration of light rays into the water column, which
is essential for the photosynthetic activity that generates dissolved oxygen (Odjohou et al., 2020; Tahir et al.,
2020). Rainy seasons registered the highest values of conductivity and nutrient concentrations in Taabo reservoir.
These high values in rainy seasons could be explained by the input of running waters rich in nutrients and mineral
elements coming from the catchment area. The high concentrations of nitrate and phosphate during rainy seasons
were also reported by Patil et al. (2011) in Lotus reservoir (India) ; Okoro et al. (2017) in Opi lake (Nigeria) and
Adhikari et al. (2017) in Kulekhani reservoir (Nepal).
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The study of zooplankton community in Taabo reservoir revealed 77 taxa belonging to four groups (rotifers,
cladocerans, copepods and others organism). This high diversity of zooplankton is close to that reported by
Ouattara et al. (2007) in Ayamé reservoir (56 taxa) in Cote d’Ivoire. Zooplankton richness of Taabo reservoir is
higher than those reported in small reservoirs. Indeed, 30 taxa were recorded by Aka et al. (2000) in small lakes in
North Céte d'lvoire. Fofana et al. (2019) in Kaby Lake (South Cote d'lvoire) and Adandedjan et al. (2017) in
Nokoué Lake (Benin) had identified 31 taxa each other. Difference in taxonomic richness between these studies
could be explained on the one hand by the size of these reservoirs and, on the other hand by the difference in the
mesh size of the nets used. On Taabo and Ayamé reservoir, which are greatest than lakes Kaby and Nokoué, a net of
20 pm mesh size was used for zooplankton sampling. While Aka et al. (2000) ; Adandejan et al. (2017) and
Fofana et al. (2019) whom worked in small reservoirs had used a net of 60 um mesh size.

High diversity of zooplankton (more than 87 %) was reported in the littoral areas (S1 and S5). higher richness at the
littoral areas is hypothesized to greater habitat diversity of the former region. Sharma and Sharma (2020) found
high zooplankton richness in littoral areas of Meghalaya reservoir in Northeast India.

Zooplankton community of Taabo reservoir was qualitatively (76.6 % of the taxonomic richness) and quantitatively
(more than 68.35 % of the relative abundance) dominated by rotifers group. This high diversity and abundance of
rotifers in zooplankton community were reported in many studies (Vincent et al., 2012; Dembowska et al., 2015;
Kuczynska-Kippen and Joniak, 2016). Moreover, the high diversity of rotifers can be explained by the fact that
this group contains several polluo-resistant species that proliferate in nutrient-rich environments (Ismail and
Adnan, 2016). Dominance of rotifer group indicates organic pollution due to direct entry of untreated sewage from
the catchment area (Okogwu, 2010). Taabo reservoir is under increasing anthropogenic pressure mainly due to
human activity, such as agricultural practices and pastoralism in its catchment area (Groga et al., 2012). According
to their feeding strategy, rotifers were known to be opportunistic consumers. This characteristic allows them to adapt
quickly to changes in environmental and hydrological conditions that exist in stagnant waters (Okogwu, 2010).
Most of the rotifer species found in Taabo reservoir such as Anuraeopsis fissa, Anuraeopsis navicular, Brachionus
angularis, Brachionus caudatus, Brachionus falcatus, Keratella cochlearis, Keratella Lenzi, Keratella tropica,
Hexathra intermediaire, Trichocerca cylindrique, and Trichocerca similis are associated with high trophic state and
alkaline water (Chalkia and Kehayias, 2013; Ochocka and Pasztaleniec, 2016).

The proportion of very frequent taxa are the most numerous at all the sampling sites, and Sorensen similarity
indexes between these sites are higher than 80 %. The spatial invariability of environmental variables could explain
the high similarity of zooplankton community between the sampling sites in Taabo reservoir and the predominance
of common taxa. According to Sharma et al. (2017); water temperature, nutrient, pH, transparency are essential
factors in shaping zooplankton community composition.

The highest values of zooplankton abundances were recorded in dry seasons at all the sampling sites. The high
abundance of zooplankton observed in dry season could be explained by the fact that environmental variables such
as water temperature, transparency, and pH are more stable in dry seasons than rainy seasons. According to Pal et
al. (2015); zooplankton species have their life cycle influenced by temperature, feeding and photoperiod.

Shannon-Weaver diversity and Pielou Evenness indices were lower in long rainy season than the others seasons. The
low values of these indices in this season indicates a disturbance in zooplankton community of Taabo reservoir. This
disturbance recorded during the rainy season could be explained by the input of rainfall rich in nutrients and mineral
elements coming from the catchment area which favours the proliferation of polluo-resistant taxa (Ochocka and
Pasztaleniec, 2016).

The results of the redundancy analysis (RDA) highlight the relationships between the environmental variables and
the abundance of the mains zooplankton taxa in Taabo reservoir. Williamson et al. (2011) and Pinel-Alloul et al.
(2013) have demonstrated a positive relationship between the zooplankton community and environmental variables.
The abundances of zooplankton taxa such as Mesocyclops sp., Thermocyclops sp., Ceriodaphnia cornulata and
Diaphanosoma excisum were positively affected by conductivity, water depth, pH, TP, and TN. However, water
transparency and temperature had positively influenced the abundances of zooplankton taxa such as Anuraeopsis
fissa, Brachionus angularis, Brachionus caudatus, Brachionus falcatus, Keratella Lenzi, Keratella tropica,
Hexathra intermediaire, Epiphanes macrourus, Filinia opoliensis, Lecane leontine, and Nauplii. The same result
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have be reported by Devetter (2011) in Slapy reservoir in Czech Republic, Chalkia and Kehayias (2013) in Ozeros
lake in Greece, Brito et al. (2016) in two tropical reservoirs in Brazil.

Conclusion:-

This study has made a first inventory of the zooplankton community of Taabo reservoir. The results for abiotic
parameters reveal significant temporal variation. The taxonomic composition of zooplankton shows the presence of
77 taxa. Rotifers group are most diversified and abundant. Analysis of the seasonal variability of zooplankton
density shows that zooplankton densities are higher in dry seasons than in rainy seasons. The result of diversity and
Evenness indices showed that the Taabo reservoir was unstable and poorly organised during the long rainy season.
Analysis of correlations between physical and chemical parameters and zooplankton indicates that the faunal
distribution was more influenced by environmental parameters such as conductivity, temperature, pH, transparency
and water depth.
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