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Abstract 

In tropical region, fish communities serve as crucial markers of the health of lake habitats. Based on 

experimental and commercial fishing, we investigated fish community structure of three tropical reservoirs Faé, 

Taabo and Kossou from October 2017 to October 2018. Fish species diversity, abundance and richness were 

assessed, and Focused Principal Component Analysis (FPCA) was used to evaluate the relationship between the 

fish communities and environmental variables. A total of 51 fish species belonging to 19 families and 9 orders 

were identified. Cichlids were most represented family in all lakes. Taabo Lake recorded the highest number of 

species (45) while Faé Lake was the low diversify with 30 species. Shannon’s diversity index and equitability 

were highest in Kossou Lake; rarefied richness was highest in Faé Lake, while these three indices were lowest in 

Taabo. Enteromius macrops dominated at Taabo and Kossou lakes whereas Pellonula leonensis dominated in 

Faé. Similarity analyses showed that a distinct distribution of fish communities exists between Faé and Taabo 

lakes, Faé and Kossou lakes. However, between Taabo and Kossou lakes, composition did not change. High 

transparency and temperature and low conductivity greatly influenced the fish community structure. 
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Introduction 

To address nation’s energy demands, Côte d'Ivoire’s 

government has been constructing hydroelectric 

dams since the end of 1950. Completion of these 

projects led to creation of lakes that are now 

important locations for fishing (Da Costa et al., 2002; 

Da Costa and Dietoa, 2007), as well as for economic 

and social growth of areas around these lakes (Aboua 

et al., 2010). Effects of human activities on 

watersheds of these various lakes pose a threat to 

survival of fish species in these habitats (Naigaga et 

al., 2011; Vilizzi et al., 2021).  

 

These activities are as sources of annoyances that 

damage aquatic environment, which has an influence 

on biodiversity in general and fish community in 

particular (Carr and Neary, 2006). This has already 

caused diversity of fish species and fish stocks in 

numerous large African lakes, including Lake 

Victoria, to diminish (Balirwa et al., 2003; Naigaga et 

al., 2011). Although hydroelectric dams of Côte 

d'Ivoire have indeed been subjecting of impacts 

studies and sometimes harsh criticisms of their 

environmental effects (Diarra and Soumaguel, 1997; 

Gourène et al., 1999); it is evident that the demand 

for fishery protein has resulted in increased fishing 

pressure on these lakes as the Ivorian population has 

grown over past few decades. These all represent 

significant environmental risks to fish populations 

living in these continental lakes (Da Costa and Dietoa, 

2007; Endebu et al., 2015).  

 

Because of this, understanding water quality indicator 

organisms is crucial for preservation of fish 

populations and control of Lake Biodiversity loss. 

This study therefore assessed fish communities in 

lake environments threatened by biodiversity loss 

based on three lakes, of different sizes, the first of 

which was built in the 1970s (Traoré, 1996; Kouassi et 

al., 2007). These are Faé lake: youngest and smallest 

of three lakes, it is a run-of-river dam where water is 

replenished almost daily; Taabo lake: a medium-sized 

lake with a water residence time of 45 days, which is 

emptied once a year and Kossou lake: oldest and 

largest of three lakes, has a very long water residence 

time and is never emptied. Objectives were (1) to 

determine composition of fish populations in lakes 

Faé, Taabo and Kossou using data from experimental 

and commercial fishing and (2) analyze structuring of 

ichthyofauna in relation to water quality on these 

three lakes according to abundance of fish species 

caught during experimental fishing. 

 

Materials and methods 

Study area 

Three Côte d’Ivoire hydropower reservoirs have seen 

data collection. These lakes are Faé, Taabo and 

Kossou (Fig. 1). Faé dam reservoir is located in South-

west region of Côte d’Ivoire (4°58’ - 5°0’ N and 6°38’ - 

6°40’ W) with an area of 16.28 km2 (Da Costa and 

Dietoa, 2007). According to Fadika et al. (2008), Faé 

lake dam was constructed in 1978 on the main course 

of "San pédro" river, to level of locality of which it 

carries the name "Faé".  

 

Faé lake is a part of the Upper Guinea Ichthyological 

Province, which spans the entire coastline from 

Guinea’s Kogon river to Côte d'Ivoire’s and Liberia’s 

Nipoué river (Lévêque et al., 1989; Paugy et al., 1989, 

1994). Taabo lake (06°10’ - 06°20’ N and 5° - 5°12’ W) 

was constructed in 1978 in Taabo city. It is implanted 

on mainstream course of Bandama river to about 110 

km downstream of confluent of white Bandama (N’zi) 

and red Bandama (Marahoué) to about 120 km 

downstream Kossou lake (Kouassi et al., 2007) and at 

195 km from mouth of Bandama river (Traoré, 1996). 

Taabo lake covers an area of 69 km2 (Kouassi et al., 

2007). Located in centre of Côte d’Ivoire, Kossou lake 

(6°58’ - 8°08’ N and 5°27’ - 5°45’ W) was built in 1971 

on Bandama river, 296 km from mouth of this river 

(Traoré, 1996). 

 

Kossou lake, with an area of 770 km2, is located 

upstream (white Bandama) of Bandama river, which 

is 770 km long. Taabo and Kossou lakes belong to 

Nilo-Sudanese ichthyological province, more 

precisely to Eburneoghanean subprovince of West 

Africa, which is characterised by a few endemic 

species (Teugels et al., 1988). 
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Fig. 1. Map showing locations of studies areas on Faé, Taabo and Kossou lakes.  

(Côte d'Ivoire) [DOSSO, 2023 ©]. 

 

Sampling 

We have collected experimental fishing samples every 

45 days during nine (9) surveys from October 2017 to 

October 2018 at one site per lake (Sokoura, Taabo city 

and Allahou-Port in Faé, Taabo and Kossou lakes 

respectively) (Fig. 1). We have determined in situ at 

each sampling site temperature, pH, conductivity, 

dissolved oxygen and transparency before fishes 

sampling. We have measured temperature and 

dissolved oxygen by oxygen meter (HANNA HI 9146), 

electrical conductivity using a conductivity meter 

(HANNA HI 9835) and pH using pH meter (HANNA 

HI 991001) with specific probes. We used Seechi disk 

to measure transparency. We used analytical method 

described by Rodier et al. (2009) to determine these 

parameters. We collected fish sampling with one set 

of 5 multifilament gillnets (mesh sizes 13, 18, 30, 36 

and 60 mm), one set of 8 monofilament gillnets 

(mesh sizes 15, 20, 21, 27, 35, 40, 50 and 70 mm) and 

two sets of 3 monofilament gillnets (mesh sizes 10, 25 

and 60 mm) ((allowing capture of almost all fish 

longer than 40 mm total length)). These gillnet are 

21.5 m-30 m long and 1.5 m-3.5 m high. At each 

sampling occasion, we have usually set gillnets during 

the overnight at about 17:00 PM (GMT) and lifted the 

following morning at about 07:00 AM (GMT). 
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We identified all specimens according to keys of 

Lévêque et al. (1990) and Lévêque et al. (1992) 

revised by Paugy et al. (2003); then counted. 

 

We used commercial fishing data to establish specific 

richness of these lakes. We collected there data during 

two (2) main investigations (first took place in August 

and November 2017 and second in March-April 2018) 

and a prompt investigation (in November 2018). We 

visited during the two main investigations (August 

2017 and April 2018) the only Wharf of Faé Lake, 

situated at Sokoura.  

 

At Taabo lake, we visited several wharfs or 

encampments of fishers during these investigations; it 

is notably wharfs or encampments of Sahoua, 

Tanadaga, Taabo city (August 2017) and 

Courandjourou (March 2018) (Fig. 1). As for Kossou 

lake, during the two main investigations, we 

investigated the wharfs or encampments of 

Djougaldaga (August 2017 and March 2018) and 

Allahou-Port (November 2017). During the prompt 

investigation (November 2018), we visited wharfs or 

encampments of Pont-cassé, Sekoudaga, Kramokro, 

Champ BAMCI, Solêkro and Dioulabougou (Fig. 1). 

 

Statistical analysis 

We used Shannon-Weaver diversity index, 

equitability index of Piélou and rarefied richness to 

analysed species diversity. Most commonly used 

diversity index is Shannon-Weaver diversity index 

(Gray et al., 1992). This index expresses diversity 

taking into account number of species and abundance 

of individuals within each species. Equitability index 

translates quality of population organisation (Zabi, 

1993), it is a report between Shannon-Weaver 

diversity index of a community and its maximum 

diversity. Rarefied richness is the number of taxa for a 

given number of individuals (Grall and Coïc, 2005). 

In this study, we are calculated rarefied taxonomic 

richness per sample by using lowest abundance (20 

individuals) recorded in samples as target number of 

individuals (Oksanen et al., 2013). We calculated 

diversity indices by using "Vegan" package (Oksanen 

et al., 2013) of R software. 

We used Bray-Curtis similarity indices to highlighted 

similarity of fish composition and relationships 

among sampling lakes. We performed non-

parametric multidimensional scaling (nMDS), 

analyses of similarities (ANOSIM) and similarity of 

percentage (SIMPER) using software Paleontological 

Statistic (PAST) version 2.15. nMDS analysis plotted 

sample units on two-dimensional ordination plane 

based on species composition similarities and 

dissimilarities (Hemery and Henkel, 2015). We 

discerned groups of species from nMDS plot and 

ANOSIM performed to test strengths of similarities 

within and differences between these species groups, 

using permutation and randomization methods on 

resemblance matrix. We used SIMPER to determine 

which species contributed to defining each group and 

percentage of contribution of each of these species 

(Hemery and Henkel, 2015). 

 

We used Focused Principal Component Analysis 

(FPCA) (Falissard, 1999) to analyse main 

relationships between fish species and environmental 

variables. We selected species with an abundance 

greater than or equal to 5% per lake. We selected five 

parameters for analysis. Graphical output of FPCA 

analysis shows correlations in graphical format as 

concentric circles in which those with the lowest 

radius, represented the highest correlations (Fossi et 

al., 2017). Center of these circles contains variables of 

interest on which analysis is “focused”. In a specific 

way, if a variable of set is closest to center of circle it is 

most correlated to target variable in correlation circle. 

Correlations among variables contained in set and 

target variable are plotted with different colors negative 

(yellow) and positive (green). Correlation is considered 

significative when p = 0.05 when a variable is placed 

inside red circle (Fossi et al., 2017). We performed 

analyses with psy package (Legendre and Vaudor, 

1991) of free sofware R 4.0.3 (R Core Team, 2020). 

 

Results 

Physical and chemical variables in lakes 

Table 1 presents values of environmental variables 

measured in Faé, Taabo and Kossou lakes. 

Temperature and electrical conductivity were higher 

in Taabo Lake; those of pH were higher in Faé Lake 

and those of transparency and dissolved oxygen were 
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higher in Kossou Lake. Temperature ranged from 

27.04 °C to 31.28 °C in Taabo Lake, from 25.73 °C to 

30.33 °C in Faé Lake and from 27.68 °C to 29.18 °C in 

Kossou Lake. Electrical conductivity varied between 

74.07µs/cm and 110.68µs/cm in Taabo Lake, 

46.57µs/cm and 76.85µs/cm in Faé Lake, 65.20µs/cm 

and 76.06µs/cm in Kossou Lake. Water pH ranged 

from 6.85 to 8.85 in Faé Lake, from 5.69 to 8.13 in 

Kossou Lake and from 7.33 to 8.11 in Taabo Lake. 

Transparency varied from 74.74cm to 108.21cm in 

Kossou Lake, from 44.30cm to 92.16cm in Taabo 

Lake and from 30.25cm to 48.96cm in Faé Lake. 

Dissolved oxygen was situated between 4.80mg/L 

and 6.85mg/L in Kossou Lake, 4.65mg/L and 

6.72mg/L in Taabo Lake, 3.50mg/L and 4.60mg/L in 

Faé Lake. 

 

Table 1. Environmental variables measured in Faé, 

Taabo and Kossou lakes from October 2017 to 

October 2018. [ T = temperature; Cnd = electrical 

conductivity; Trans = transparency; DO = Dissolved 

Oxygen] 

Lakes Values T (°C) 
Cnd 

(µs/cm) pH 
Trans 
(cm) 

DO 
(mg/L) 

Faé 
min 25.73 46.57 6.85 30.25 3.50 
med 28.24a 66.11a 7.39a 45.19a 4.11a 
max 30.33 76.85 8.85 48.96 4.59 

Taabo 
min 27.04 74.07 7.33 44.30 4.64 
med 29.56b 90.71b 7.70a 61.55b 5.89b 
max 31.28 110.68 8.11 92.16 6.72 

Kossou 
min 27.68 65.20 5.69 74.74 4.79 
med 28.42ab 68.23a 7.53a 92.60c 5.64b 
max 29.74 76.06 8.12 108.21 6.85 

Different letters (a, b and c) on lakes refers significant 

difference between them (t-test, p < 0.05); min= minimum 

value, med = median value and max= maximum value. 

 

Analysis showed significant differences in temperature, 

transparency, dissolved oxygen and electrical 

conductivity between Faé, Taabo and Kossou lakes 

(Mann-Withney test, p < 0.05). Concerning pH, 

statistical analysis did not show a significant difference 

between lakes (Kruskal-Wallis test, p > 0.05). 

 
Composition and distribution of fishes in Faé, Taabo 

and Kossou lakes 

A total of 51 fish species belonging to 34 genera, 19 

families and 9 orders were recorded with 43 

freshwater species, four estuarine/marines species 

(Pellonula leonensis, Pelmatolapia mariae, 

Sarotherodon galilaeus and Sarotherodon 

melanotheron), two introduced species (Heterotis 

niloticus and Oreochromis niloticus) and two hybrids 

(Coptodon guineensis x Coptodon zillii and 

Oreochromis mossambicus x Oreochromis aureus) 

(Table 2). Siluriformes (15 species belonging to five 

families), Perciformes (12 species belonging to three 

families), Osteoglossiformes and Characiformes (8 

species belonging to three families for each two these 

orders) are orders containing highest number of 

families and species. 

 

Cypriniformes present 4 species (one family) while 

Lepidosireniformes, Polypteriformes, Clupeiformes 

and Anabantiformes containing the weakest number 

of family and species (one species belonging to one 

family). Most species (31 species) belong to family 

Cichlidae (10 species), Mormyridae and Alestidae 

with six species each, Clariidae (5 species) and 

Cyprinidae (4 species). These families are followed by 

Claroteidae, Schilbeidae, Mochokidae with three 

species each. The other families are less diverse (with 

only one species). Taabo Lake, with 45 species, 

presents the most elevated specific richness. It is 

followed by Kossou Lake, which has 39 species. 

 

Faé Lake (30 species) is least species-rich of three lakes. 

This fish distribution showed that 20 species were 

common to these three lakes. Alestes baremoze, 

Hydrocynus forskalii, Labeo parvus, Labeobarbus 

waldroni, Malapterurus electricus and O. mossambicus 

x O. aureus were met solely in Taabo Lake, while Clarias 

buettikoferi and P. mariae were present only in Faé lake 

(Table 2). Too signal that fish species Protopterus 

annectens, Polypterus endlicheri, Papyrocranus afer, 

Marcusenius furcidens, Marcusenius senegalensis, 

Mormyrus rume, H. forskalii, L. parvus, Chrysichthys 

maurus, Clarias gariepinus, Heterobranchus isopterus, 

Heterobranchus longifilis, M. electricus, Synodontis 

bastiani, Synodontis punctifer, Synodontis schall, 

Parachanna obscura, Lates niloticus, O. mossambicus x 

O. aureus and P. mariae sampled were found only in 

catches originating from commercial fishing. 
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Table 2. Fish species sampled in Faé, Taabo and Kossou Lakes [ += present; - = absent; 1 = estuarine/marine species; 

2= introduced species; 3= hybrid; *= species sampled solely in captures descended of commercial fishing.] 

Order Family Genus Species 
Codes 

Faé 
Lake 

Taabo 
Lake 

Kossou 
Lake 

Lepidosireniformes Protopteridae Protopterus P. annectens* Pan - + + 
Polypteriformes Polypteridae Polypterus  P. endlicheri* Pen - + + 
Clupeiformes Clupeidae Pellonula P. leonensis1 Ple + + + 
Osteoglossiformes Arapaimidae Heterotis H. niloticus2 Hni + + + 

 
Notopteridae Papyrocranus P. afer* Paf + - + 

 
Mormyridae Marcusenius M. furcidens* Mfu + + - 

 
  M. senegalensis* Mse + - + 

 
  M. ussheri Mus + + + 

 
 Mormyrus M. rume* Mru - + + 

 
 Petrocephalus P. bovei Pbo + - + 

 
 Pollimyrus P. isidori Pis - + + 

Characiformes Hepsetidae Hepsetus H. odoe Hod + + - 

 
Alestidae Alestes A. baremoze Aba - + - 

 
 Brycinus B. imberi Bim + + - 

 
  B. longipinnis Blo + + + 

 
  B. macrolepidotus Bma + + + 

 
  B. nurse Bnu + + + 

 
 Hydrocynus H. forskalii* Hfo - + - 

 

Distichodontid
ae 

Distichodus 
D. rostratus Dro - + + 

Cypriniformes Cyprinidae Enteromius E. macrops Ema + + + 

 
 Labeo L. coubie Lco - + + 

 
  L. parvus* Lpa - + - 

 
 Labeobarbus L. waldroni Lwa - + - 

Siluriformes Claroteidae Auchenoglanis A. occidentalis Aoc - + + 

 
 Chrysichthys C. maurus* Cma + + + 

 
  C. nigrodigitatus Cni + + + 

 
Schilbeidae Parailia P. pellucida Ppe - + + 

 
 Schilbe S. intermedius Sin + + + 

 
  S. mandibularis Sma + + + 

 
Clariidae Clarias C. anguillaris Can + + + 

 
  C. buettikoferi Cbu + - - 

 
  C. gariepinus* Cga - + + 

 
 Heterobranchus H. isopterus* His + - + 

 
  H longifilis* Hlo + + + 

 
Malapteruridae Malapterurus M. electricus* Mel - + - 

 
Mochokidae Synodontis S. bastiani* Sba - + + 

 
  S. punctifer* Spu - + + 

 
  S. schall* Ssc - + + 

Anabantiformes Channidae Parachanna P. obscura* Pob + + + 
Perciformes Centropomidae Lates L. niloticus* Lni - + + 

 

Cichlidae Chromidocoptod
on 

C. guntheri Cgu + + + 

 

 Coptodon C. guineensis x C. 
zillii3 

Cgz + + + 

 
  C. zillii Czi + + + 

 
 Hemichromis H. bimaculatus Hbi - + + 

 
  H. fasciatus Hfa + + + 

 

 Oreochromis O. mossambicus x O. 
aureus3* Omo - + - 

 
  O. niloticus2 Oni + + + 

 
 Pelmatolapia P. mariae1* Pma + - - 

 
 Sarotherodon S. galilaeus1 Sga - + + 

 
  S. melanotheron1 Sme + + - 

 
Anabantidae Ctenopoma C. petherici Cpe + + + 

9 19 34 51  30 45 39 
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Occurrence and relative abundance of experimental 

fishing species in Faé, Taabo and Kossou lakes 

Among 16 fish species collected in Faé Lake, 62.5% 

(10 species) were constant while 47.05% (8 species) 

of 17 counted in Kossou Lake were constant. At 

Taabo lake 56% (14 species) among 25 fish species 

were accidental (Table 3). We found that family of 

Cyprinidae was most abundant in Taabo and 

Kossou lakes with 58.19% and 51.09% respectively, 

while Clupeidae (58.25%) dominated fish 

abundance in Faé Lake (Fig. 2a). At the species 

level, Enteromius macrops (58.04% and 51.09%) 

was most abundant in Taabo and Kossou lakes 

respectively (Fig. 2b). P. leonensis (58.25%) was 

more abundant in Faé Lake. Marcusenius ussheri 

(0.03%), Hepsetus odoe (0.03%) and Brycinus 

nurse (0.03%) in Taabo Lake; Distichodus 

rostratus (0.05%), Auchenoglanis occidentalis 

(0.05%), Parailia pellucida (0.05%) and Schilbe 

intermedius (0.05%) in Kossou lake; H. niloticus 

(0.06%) and C. buettikoferi (0.06%) in Faé lake 

showed the lowest abundances. 

 

 

Fig. 2. Relative abundance of fish’s families (a) and species (b) in Faé, Taabo and Kossou Lakes. 
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Table 3. Occurrence (Oc) and relative abundance (N) (percentages) of experimental fishing species in Faé, Taabo 

and Kossou lakes. 

Family Species 
Faé lake Taabo lake Kossou lake 

Oc% N% Oc% N% Oc% N% 
Clupeidae P. leonensis 100 58.25 100 26.24 100 27.12 
Osteoglossidae H. niloticus 11.11 0.06 11.11 0.16 11.11 0.15 

Mormyridae 
M. ussheri 0 0 11.11 0.03 0 0 
P. bovei 55.56 0.90 0 0 0 0 
P. isidori 11.11 0.45 22.22 0.09 22.22 0.25 

Hepsetidae H. odoe 55.56 0.77 11.11 0.03 0 0 

Alestidae 

A. baremoze 0 0 88.89 1.20 0 0 
B. imberi 11.11 0.26 55.56 0.32 0 0 
B. longipinnis 66.67 0.77 22.22 0.06 0 0 
B. macrolepidotus 33.33 0.58 0 0 0 0 
B. nurse 0 0 11.11 0.03 0 0 

Distichodontidae D. rostratus 0 0 88.89 0.95 11.11 0.05 

Cyprinidae 
E. macrops 88.89 5.52 100 58.04 100 51.09 
L. coubie 0 0 22.22 0.16 0 0 

Claroteidae A. occidentalis 0 0 0 0 11.11 0.05 
C. nigrodigitatus 100 2.95 100 0.85 100 3.35 

Schilbeidae 
P. pellucida 0 0 11.11 0.06 11.11 0.05 
S. intermedius 0 0 22.22 0.09 11.11 0.05 
S. mandibularis 100 17.66 22.22 0.16 0 0 

Clariidae C. anguillaris 0 0 22.22 0.09 33.33 0.25 
C. buettikoferi 11.11 0.06 0 0 0 0 

Cichlidae 

C. guntheri 0 0 33.33 0.16 33.33 0.41 
C. guineensis x C. zillii  100 1.09 77.78 6.00 77.78 4.61 
C. zillii  11.11 4.69 88.89 3.35 77.78 0.76 
H. bimaculatus 0 0 100 0.06 100 5.22 
H. fasciatus 77.78 5.84 88.89 0.09 88.89 3.14 
O. niloticus 0 0 22.22 0.85 33.33 0.30 
S. galilaeus 0 0 22.22 0.85 66.67 3.14 
S. melanotheron 77.78 0.13 0 0 0 0 

Anabantidae C. petherici 0 0 11.11 0.06 0 0 
 

Spatial diversity of experimental fishing species of 

Faé, Taabo and Kossou lakes 

Although we did not find difference of Shannon-

Weaver index (H’) among lakes (Kruskal-Wallis test, 

p> 0.05), equitability index (E) and rarefied richness 

(Rr) varied between Faé and Taabo lakes. Lowest value 

was recorded at Taabo Lake. Kossou Lake did not differ 

significantly from those of Taabo and Faé (Fig. 3). 

 

 

Fig. 3. Shannon - Weaver index (H’), equitability index (E) and rarefied richness (Rr) for experimental fishing 

species between Faé, Taabo and Kossou lakes. The boxplots having a joint letter are not different. 
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Compositional similarity 

nMDS graphical representation (stress = 0.11) (Fig. 4) 

and ANOSIM analysis (Table 4) noted that 

compositions of fish communities were clearly 

separated and significantly different between Faé and 

Taabo lakes (global R ANOSIM = 0.6526, p -value = 

0.0001), Faé and Kossou lakes (global R ANOSIM = 

0.4925, p -value = 0.0002). According to SIMPER 

analysis (Table 5), species responsible for this 

segregation were characterized by dominance of E. 

macrops, P. leonensis, Schilbe mandibularis, 

Hemichromis bimaculatus, Hemichromis fasciatus, 

C. guineensis x C. zillii (hybrid) and S. melanotheron 

between Faé and Taabo lakes; P. leonensis, E. 

macrops, S. mandibularis, H. bimaculatus, C. 

guineensis x C. zillii (hybrid), S. melanotheron, S. 

galilaeus, H. fasciatus and Chrysichthys 

nigrodigitatus between Faé and Kossou lakes. 

Whereas, Taabo and Kossou lakes were not separated 

in nMDS biplot (stress = 0.11). ANOSIM result 

showed that there was no significant change in 

composition of fish community between Taabo and 

Kossou lakes (global R ANOSIM = 0.01715, P-value = 

0.3283). Main species responsible for homogeneity 

and similitude between Taabo and Kossou lakes 

according to SIMPER analysis were characterized by 

dominance of E. macrops, P. leonensis, H. 

bimaculatus, H. fasciatus, C. guineensis x C. zillii 

(hybrid) and S. galilaeus. 

 

Table 4. Statistic results of ANOSIM and their 

significance levels (p < 0.05) for pairwise 

comparisons of fish composition structure among 

Faé, Taabo and Kossou lakes (V = versus). 

Localities Comparison R p 
Lakes Global 0.4004 0.0001 

 
Faé lake V Taabo lake 0.6526 0.0001 

 
Faé lake V Kossou lake 0.4925 0.0002 

 
Taabo lake V Kossou lake0.01715 0.3283 

 

Table 5. Similarity Analysis Result (SIMPER) showing percentage of contribution [(Contrib.%) and cumulative 

percentage (Cum.%; 92% threshold) of main species to dissimilarity between different lakes: A. D. = Average 

dissimilarity (V = versus)] 

Localities Stations A. D.  Species Contrib.% Cum.% 

Lakes Faé lake V Taabo lake 68.36  E. macrops 48.34 48.34 

   

 P. leonensis 23.36 71.69 

   

 S. mandibularis 7.665 79.36 

   

 H. bimaculatus 6.193 85.55 

   

 H. fasciatus 3.189 88.74 

   

 C. guineensis x C. zillii (hybrid) 2.172 90.91 

   

 S. melanotheron 2.009 92.92 

      

 

Faé lake V Kossou lake 70.25  P. leonensis 33.21 33.21 

   

 E. macrops 32.63 65.85 

   

 S. mandibularis 11.13 76.97 

   

 H. bimaculatus 4.428 81.4 

   

 C. guineensis x C. zillii (hybrid) 4.203 85.6 

   

 S. melanotheron 2.722 88.33 

   

 S. galilaeus 2.39 90.72 

   

 H. fasciatus 2.161 92.88 

   

 C. nigrodigitatus 1.586 94.46 

      

 

Taabo lake V Kossou lake 52.41  E. macrops 45.51 45.51 

   

 P. leonensis 30.61 76.12 

   

 H. bimaculatus 7.237 83.36 

   

 H. fasciatus 4.117 87.47 

   

 C. guineensis x C. zillii (hybrid) 2.835 90.31 

 

     S. galilaeus 2.137 92.45 
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Fig. 4. Non-parametric multidimensional scaling (nMDS) ordinations of fish composition structure in Faé, 

Taabo and Kossou Lakes. 

 

 

Fig. 5. Focused Principal Component Analysis (FPCA) showing relationships between environmental and 

biological variables in Faé, Taabo and Kossou lakes. Codes: Ple= Pellonula leonensis; Ema= Enteromius 

macrops; Sma= Schilbe mandibularis; Cgz= Coptodon guineensis x Coptodon zillii; Hbi= Hemichromis 

bimaculatus; T= Temperature; Trans= Transparency; Cnd= Electrical conductivity; DO= Dissolved oxygen. 
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Fish species relationships with environmental 

variables 

We analyzed data using abundance of fish species as a 

variable. In Fig. 5 we report Focused Principal 

Component Analysis (FPCA) related to species’ 

abundance and environmental variables. Correlation 

circle indicated that abundance of P. leonensis, E. 

macrops, S. mandibularis and C. guineensis x C. zillii 

to be positively correlated with dissolved oxygen, 

temperature, transparency and electrical conductivity 

(for E. macrops and S. mandibularis) in Faé lake. pH 

is correlated positively with S. mandibularis 

abundance. In Taabo Lake, correlation circle showed 

that there was a positive correlation between H. 

bimaculatus with all environmental variables. E. 

macrops is positively correlated with dissolved 

oxygen, temperature and transparency. Concerning P. 

leonensis, only electrical conductivity was positively 

correlated. Correlation circle, at Kossou Lake, 

indicated that abundance of P. leonensis was 

positively correlated with pH, temperature and 

transparency. Abundance of E. macrops was 

positively correlated with pH and electrical 

conductivity. Except for transparency that showed a 

positive correlation, there was a negative correlation 

between H. bimaculatus with the other 

environmental parameters. 

 

Discussion 

Composition and distribution of fishes in Faé, Taabo 

and Kossou lakes 

Siluriformes, Perciformes, Osteoglossiformes and 

Characiformes were richest orders according to 

families and species while families who dominate 

population were Cichlidae, Mormyridae, Alestidae 

and Cyprinidae in lakes and other basins of Côte 

d’Ivoire and West Africa (Teugels et al., 1988; 

Lévêque et al., 1990, 1992; Lévêque and Paugy, 1999; 

Da Costa et al., 2000; Konan et al., 2006; Aboua et 

al., 2010). Ten (10) fish species observed during this 

study were Cichlids. Cichlids were most dominant 

group in Faé, Taabo, Kossou lakes and other 

lacustrine environments in Côte d’Ivoire (Tah et al., 

2009; Aboua et al., 2010; Tah et al., 2012) as well as 

other lakes in East African great lakes (Lundberg et 

al., 2000; Balirwa et al., 2003; Darwall et al., 2005; 

Witte et al., 2007; Naigaga et al., 2011).  

 

Taabo Lake had highest number of species. This 

shows role of tributaries in enriching lake with fish. In 

fact, Taabo lake is fed by two main tributaries, white 

Bandama (N’zi) and red Bandama (Marahoue) 

whereas Faé and Kossou lakes each have only one 

main tributary, San pédro for Faé lake and white 

Bandama for Kossou lake. Overall, 20 common 

species were collected from all lakes. Two of these 

species (O. niloticus and H. niloticus) were 

introduced, while P. leonensis, P. mariae, S. galilaeus 

and S. melanotheron estuarines/marines species, C. 

guineensis x C. zillii and O. mossambicus x O. aureus 

hybrid species were present. These results support 

past research on fish populations in Taabo and 

Kossou lakes that made same observations (Aboua et 

al., 2010). Presence in Faé lake of almost all species 

with estuarine or marines (P. leonensis, P. mariae 

and S. melanotheron), with exception S. galilaeus, 

encountered during this survey, is due to proximity of 

this lake to Atlantic Ocean. Indeed, Faé Lake belongs 

to ichthyological province of Upper Guinea, which 

includes all coastal basins (Lévêque et al., 1989; 

Paugy et al., 1989, 1994). 

 

Relative abundance and spatio-temporal diversity of 

experimental fishing species in Faé, Taabo and 

Kossou lakes 

Captures are dominated by E. macrops in abundance 

in Taabo and Kossou lakes whereas P. leonensis was 

more prolific in Faé Lake. E. macrops covers 58.04% 

of abundance in Taabo lake, 51.09% in Kossou lake 

while P. leonensis covers 58.25% of abundance in Faé 

lake. In addition, proportion of Mormyridae species, 

which are strictly freshwater fish (Lévêque et al., 

1991; Konan et al., 2006), was low in these three 

lakes. Besides, Quality and degree of organisation of 

fish populations were analysed using Shannon - 

Weaver (H’) diversity indices, equitability (E) and 

rarefied richness (Rr). Faé and Kossou lakes have 

highest values while Taabo lake has lowest values of 

these three indices (H’: 0.39 to 1.53; E: 0.10 to 0.42; 

Rr: 2.26 to 5.48). These low values indicate that 
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aquatic habitats are relatively unstable (Konan et al., 

2006). However, according to Zabi (1993) and Dajoz 

(2000), low indices values were characteristic of 

communities with weak diversity and low levels of 

organisation. After Thiennemann (1954), a balanced 

population is more stable, on contrary; any 

proliferation of a species reveals an imbalance due to 

a natural or anthropic cause. Low level of 

organization of fish communities in these three lakes 

could be related to high fishing pressure exerted by 

fishermen on these lakes (Yao et al., 2015). More, 

Harmelin-Vivien (1992), Lévêque (1995) and 

Lemoalle (1999) point out that fish populations 

respond rapidly to disturbances in their environment, 

leading to changes in their specific composition, 

abundance and trophic structure. 

 

Compositional similarity 

Distinct distribution of fish communities was 

detected between Faé and Taabo lakes (global R 

ANOSIM= 0.6526, p-value= 0.0001), Faé and Kossou 

lakes (global R ANOSIM= 0.4925, p-value = 0.0002). 

Concerning Taabo and Kossou lakes, ANOSIM result 

showed that there was no significant change in 

composition of fish communities between these two 

lakes (global R ANOSIM= 0.01715, p-value = 0.3283). 

Species responsible for homogeneity and similarity 

between Taabo and Kossou lakes according to 

SIMPER analysis are characterised by dominance of 

E. macrops, P. leonensis, H. bimaculatus, H. 

fasciatus, C. guineensis x C. zillii (hybrid) and S. 

galilaeus. This similarity could be explained by the 

fact that Taabo and Kossou lakes belong to the 

Eburneoghanean ichthyological subprovince in West 

Africa, which is characterised by a few endemic 

species (Teugels et al., 1988). Moreover, these two 

lakes are located on main course of Bandama River 

(Traoré, 1996 and Kouassi et al., 2007). 

 

Relationship between fish communities and 

environmental variables 

Overall, environmental parameters measured to comply 

with surface water standards (except for dissolved 

oxygen in Faé Lake). Focused Principal Component 

Analysis (FPCA), reported in Fig. 5, shows that High 

transparency and temperature and low conductivity 

positively influence abundance of most fish species 

found in these three lakes. Other authors reported that 

abundance of fish species was influenced by water 

quality (Mrosso et al., 2004; Carol et al., 2006; Ye et al., 

2006; Mondal et al., 2010; Naigaga et al., 2011; Tape et 

al., 2019; Vilizzi et al., 2021). 

 

Conclusion 

In conclusion, distribution of fish species in lakes was 

influenced by ichthyological province in which lakes are 

located as well as rivers that feed them. Cichlids are most 

represented family in Faé, Taabo, Kossou lakes. Quality 

and degree of organization of fish populations in 

hydroelectric dams seems to be independent of lake size 

and age of these lake environments. 
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