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Abstract 

Macrophtytes affect water resource utilisation, but little is known about its impacts on biodiversity in aquatic 

ecosystems particularly in Ivory Coast. This study allowed assessing the effects of macrophytes on aquatic macro-

invertebrates in the urban lakes of Yamoussoukro. Macro-invertebrates were collected on twelve occasions at 

fourteen sites with macrophyte mats (Group 1) and at fourteen sites without macrophyte (Group 2) using a hand-

net and a Van Veen grab. The diversity of the community was assessed in each group of sites. A total of 108 taxa 

distributed among five classes, twelve orders, 53 families and comprising 22074 individuals were recorded. The 

group 1 registered 84 taxa belonging to four classes, eleven orders and 46 families (50.50% of total abundance). 

The group 2 recorded 76 taxa comprising four classes, eleven orders and 27 families (49.50% of total abundance). 

Insecta were most diversified both in group 1 (84.2%) and group 2 (76.9%). Gasteropoda, especially Melanoides 

tuberculata and Physa marmorata were most abundant in each group (respectively 91% and 68.5%). Variations 

in Rarefied richness, abundance, Shannon-Weiner Diversity and Pielou’s Evenness Indexes between the two 

groups were not statistically significant (Mann-Withney test, p > 0.05). Scrapers were quantitatively (Group 1= 

79%; Group 2= 61%) dominant in the two groups. Each group was mainly characterized by one family of Diptera 

(Tabanidae for group 1 and Culicidae for group 2) which are frequently vectors of various disease agents. 

Influence of macrophytes on macro-invertebrates in Yamoussoukro lakes was not perceptible because of their 

high level of pollution.  
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Introduction 

Natural resources are, these days, confronted to a 

continuous deterioration due to the anthropogenic 

pressure, the climatic risks and the action of the 

intrusive species (Amani and Barmo, 2010). The 

proliferation of invasive plants happened generally in 

disturbed environments and is intensively modified 

by human activities (Vander Zanden et al., 2004). 

These intrusive plants, by their presence and their 

contributions in coarse remains, appear to be a 

fundamental element of the control of the 

structuration of aquatic populations (Peterson et al., 

1992; Luken and Thieret, 1997).  

 

They have the capacity to influence the surrounding 

community by the change or the modification of their 

original habitat. Furthermore, the aquatic vegetables 

govern the equilibrium between the entries of 

external organic matters and the native primary 

production (Conners and Naiman, 1984; Cummins, 

1984 and 1989). Indeed, preventing the penetration 

of the solar radiation, the free-floating aquatic plant 

decrease the photosynthesis of the primary 

producers, the lower part of food webs in freshwater. 

Moreover, their rapid growth results in the 

appearance of dense mat on water surface which can 

bother the multiple utilizations of the resource 

(Center et al., 2002). 

 

Urban aquatic systems, specifically lentic systems, are 

more exposed to eutrophication phenomenon. 

Speeded eutrophication in urban lakes is mainly due 

to the effluents released without adequate treatment 

into these waters (Aw, 2009).  

 

This situation in urban ecosystems can make them 

reservoirs of micro-organisms and caused 

biodiversity loss (Kouamé et al., 2011). 

 

The socio-economic impacts of the free-floating 

aquatic plants on aquatic systems are well 

documented, yet the impacts on aquatic biodiversity, 

particularly invertebrate biodiversity, are less well 

understood (Villamagna and Murphy, 2010). The 

aquatic macroinvertebrates presenting variable 

sensitivity to the environmental conditions constitute 

the ideal bioindicators to assess the effects of aquatic 

weeds on the biodiversity (Thirion, 2000).  

 

These organisms have been used like ecological 

indicators in several works (Lyons and Kelly-Quinn, 

2003; Varga, 2003; Moretti and Callisto, 2005). The 

use of aquatic macro-invertebrates like biological 

indicators is explained by their presence on the whole 

of the aquatic ecosystems with a very high taxonomic 

diversity. They present a relative stability in the time 

with populations sufficiently sedentary to establish a 

good correspondence with the conditions of the 

environment. 

 

Several studies carried on the influence of the 

intrusive plants on macro-invertebrates communities. 

The majority of these works found reduced diversity 

and a deterioration of macro-invertebrate habitat 

(Thomaz et al., 2008; Kovalenko et al., 2010; Coetzee 

et al., 2014) under macrophyte mats. However, 

Masifwa et al. (2001) observed an increase in 

invertebrate abundance at the edge of water hyacinth 

mats on Lake Victoria in Uganda.  

 

In Ivory Coast, except some works having treated of 

macro-invertebrates pledged to aquatic floating 

plants (Sankaré, 1991; Kouamé et al., 2010), there is 

little information relative to the impact of the 

vegetable cover on these organisms.  

 

This study aimed to: (1) inventory the macro-

invertebrate community and their trophic structure in 

Yamoussoukro man-made lakes and (2) assess the 

effects of floating macrophytes on aquatic macro-

invertebrates populations in these lakes. 

 

Material and methods 

Study area and sampling sites 

The study was conducted in Yamoussoukro (the 

political capital of Ivory Coast) located in the center of 

the country between 6°40’ and 7°00’N, and 5°10’ and 

5°20’W (Fig. 1).  
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Fig. 1. Location of the study area showing the eight studied lakes of Yamoussoukro (Yvory Coast). 

There are in this town, 31 lakes of which ten man-

made lakes which communicate with each other by 

gravity and form a complex system covering 

approximately 140 ha with a catchment area close to 

28.5 Km2. 

 

This study carried on seven (7) man-made lakes  

(lake1, lake 5, lake 6, lake 7, lake 8, lake 9 and lake 10) 

and one natural lake (lake 0). On these lakes, 28 

sampling sites have been chosen approximately 3 m 

from the water’s edge. The number of sites per lakes 

depends of the surface of each lake. So, seven 

sampling sites were defined on the lake 5, four on 

lakes 0 and 1, three on lakes 6, 8 and 9, two on lakes 7 

and 10. With the exception of lakes 7 and 9, sites with 

macrophytes and sites without macrophytes have 

been defined on each lake. According to the presence 

or absence of macrophyte at each site, they were 

clustered into two groups. Fourteen sites (group1) 

had permanent mats of and the other 14 sites (group 

2) had no macrophytes cover. The characteristics of 

each site were shown in Table 1. These urban man-

made lakes receive wastewater and solid waste from 

various human activities (domestic wastewater and 

solid waste, urban agriculture, schools, hospitals, 

hotels, restaurants, military camps, car washing 

services, car garages, gas stations, pasture of the 

cattle, washing on the banks of lakes) which make 

them very eutrophicated. Originally designed to 

embellish the city, 70% of the man-made lakes of 

Yamoussoukro are currently covered by macrophytes. 

Macro-invertebrates sampling and identification 

Samples were collected each two months during 12 

campaigns (between December 2015 and December 

2017) at each sampling site. Macroinvertebrates were 

sampled using a hand net (250 µm mesh, 50 cm 

length) and a Van Veen grab of 0.05 m2 internal area.  

 

Two replicate samples were collected at each site and 

at each date. The samples were sieved in the field 

through a 1mm mesh, and the material retained on 

the mesh was immediately fixed in 70% alcohol. In 

the laboratory, the samples were washed using 1 mm 

sieves, sorted and identified using stereomicroscope 

(Olympus SZ 40). Macroinvertebrates were counted 

and identified  to the lowest taxonomic level by means 

of the keys in Dejoux et al. (1981), Day et al. (2001a 

and 2001b), De Moor et al. (2003 and 2003b), Stals 

and De Moor (2007) for Insecta, Tachet et al. (2010) 

for other Insecta, Acheata and Oligocheata , Brown 
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(1994) and Bony et al. (2008) for Gasteropoda. After 

identification, each taxon was allocated to a 

functional feeding group according to their trophic 

category as assigned by Tachet et al. (2010). 

 

Data analysis  

Macroinvertebrates structure was described through 

taxonomic composition, abundance of individuals, 

Shannon-Weiner index, Pielou’s Evenness index, 

frequency of occurrence, rarefied richness and 

feeding groups. Taxa richness was rarefied to 

eliminate any bias related to differences in 

abundances between samples (Heck et al., 1975; Edia 

et al., 2016). Calculations were performed using the 

lowest abundance (4 individuals for this study) found 

in all sites as the target number of individuals 

(Oksanen et al., 2013). Frequency of occurrence (FO) 

is the percentage of samples in which each taxon 

occurred. It was calculated according to Dajoz (2000) 

to gives some information on the number of taxa 

frequently met in each site without any indication on 

their quantitative importance (Lauzanne, 1976; 

Hyslop, 1980). 

 

Before performed calculation, sampling sites were 

divided into two groups: sites with macrophyte mats 

(Group 1) and sites without macrophytes (Group 

2).Variations in diversity measurements between 

group 1 and group 2were determined using Mann-

Withney test in order to assess the variability of these 

metrics. Before performing the comparison test, the 

normality of data was checked by Shapiro test (P > 

0.05 at each group). The analyses were performed 

using packages for the R 3.0.2 freeware (R Core 

Team, 2013). 

 

Relative specific richness and abundance of 

macroinvertebrates feeding groups were determined 

according to Tachet et al. (2010) for each group, to 

assess the trophic structuration. Then the similarity 

index of Sorensen (Cs) was used to assess the 

similarity in taxonomic composition between group 1 

and group 2. This index combines three variables: a, 

the number of taxa common to both group 1 and 

group 2; b, the number of taxa presents only in group 

1 ; and c, the number of taxa presents only in group 2. 

Calculations were performed according to (Sorensen, 

1948). 

 

Indicator values (IndVal) were calculated according 

to Dufrene and Legendre (1997) to identify the most 

characteristic taxa for group 1 and group 2. The 

statistical significance of the indicator values was 

evaluated using a randomization procedure with 999 

permutations (Dufrene and Legendre, 1997). The 

analyses were performed using packages for the R 

3.0.2 freeware (R Core Team, 2013). 

 

Results 

Taxonomic composition 

The composition of the macro invertebrate 

assemblages is shown in Table 2. A total of 108 

different taxa belonging to six Classes (Insecta, 

Gastropoda, Acheata, Oligochaeta, Gordiacea and 

Tubellaria), twelve orders and53 families comprising 

22072 individuals were collected. Of the taxa 

collected, nine were identified to family level, 85 to 

genus and 13 to species level. Taxonomic richness was 

dominated by insects (83.3%): Coleoptera (26.4%), 

Diptera (23%), Hemiptera (20.9%) and Odonata 

(17.6%).Gasteropoda were numerically most 

important with 72% of number of individuals 

collected. Group 1 recorded 14 161 individuals (84 

taxa), distributed among four classes, 12 orders and 

46 families while group 2 counted 10 928 individuals 

(76 taxa) belonging to four classes, 11 orders and 45 

families. Rarefied richness oscillated between 8.9 and 

30.8 in group 1 whereas in group 2 it varied between 

13.5 and 25. Samples were dominated by Insect both 

in group 1(84.2% of taxonomic richness) and group 2 

(76.9% of taxonomic richness).  

 

In this class, Coleoptera (21 taxa) and Hemiptera (18 

taxa) were most important in group 1while in group 2, 

Diptera (19 taxa) recorded the highest number of 

taxa. Physa marmorata and Melanoides tuberculata 

(Gasteropoda) were most abundant both in group 1 

(91%) and in group 2 (68.5%). More Trichoptera were 
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found under macrophyte mats (Group 1). Out of 

Achaeta and Oligochaeta, macroinvertebrates 

collected in group 1 were relatively most abundant 

and diversify. Yet, difference in rarefied richness (Fig. 

2A) and individual’s abundance (Fig 2B) calculated 

for each group of sites was not significant (Mann-

Withney test, p>0.05). 

 

Table 1.Geoagraphical coordinates and percentage of vegetable cover vegetable cover of sampling sites and 

surface of  studied lakes of Yamoussoukro. 

    Cordinates     
Lakes Stations S E Cover (%)  Surface of lakes(Km²) 
Lake 0 S1 248913 756343 100 0.13 
Lake 0 S4 248931 756480 100 
Lake 0 S2 248919 756355 0 
Lake 0 S3 248925 756391 0 
Lake 1 S6 249180 756852 100 0.15 
Lake 1 S7 249331 756828 100 
Lake 1 S8 249029 756232 100 
Lake 1 S5 248949 756541 0 
Lake 5 S9 248825 755431 100 0.45 
Lake 5 S15 247660 754411 100 
Lake 5 S10 248915 754213 0 
Lake 5 S11 247924 756734 0 
Lake 5 S12 247923 753669 0 
Lake 5 S13 247591 753379 0 
Lake 5 S14 247291 753704 0 
Lake 6 S16 247271 753522 100 0.10 
Lake 6 S18 246881 753251 100 
Lake 6 S17 247041 753064 0 
Lake 7 S20 248715 753743 100 0.08 
Lake 7 S19 248577 753815 100 
Lake 8 S22 248572 750246 100 0.10 
Lake 8 S21 248674 754129 0 
Lake 8 S23 249055 754407 0 
Lake 9 S24 249221 754500 0 0.10 
Lake 9 S25 249211 754808 0 
Lake 9 S26 249496 754751 0 
Lake 10 S27 249736 754899 100 0.11 
Lake 10 S28 249622 754963 100 
      

 

Frequency of occurrence (FO) 

Very frequent taxa (FO ≥ 50%) represented 24.1% 

and 24.68% of taxonomic richness respectively in 

group 1 and in group 2 (Table 3). these taxa were 

composed of seven Gasteropoda and 13 Insecta (five 

Coleoptera, three Diptera, three Hemiptera, one 

Odonata and one Ephemeroptera) in group 1.  

 

The group 2 recorded one Acheata, five Gasteropoda 

and ten Insecta (three coleoptera, three Diptera, two 

Ephemeroptera and two Hemiptera). Rare taxa (FO 

<25%) were most represented in the two groups of 

sites (62.65% in group 1 and 59.74% in group 2). Two 

Gasteropoda (Physa marmorata and Melanoides 

tuberculata) were found at each site and each 

sampling occasion (FO =100%) both in group 1 and 

group 2. Trichoptera observed in each group of sites 

were found with rare occurrence.  

 

Shannon-Weiner Diversity Index and Evenness 

Index  

The Shannon-Weiner Diversity (H’) Index (Fig. 2C) 

and Pielou’s Evenness Index (J) (Fig. 2D) were 

calculated for each sample to determine 

macroinvertebrate structure in the two groups of 

sites. The high value of Shannon index (3.19) was 

observed in group 1 whereas the low one (0.8) was 

registered in group 2. Evenness index varied from 
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0.25 to 0.60 in group 1 while this index oscillated 

between 0.21 and 0.59 in group 2.Variations in these 

metrics between group 1 and group 2 were not 

significant (Mann-Withney test, p >0.05). 

 

Functional feeding groups  

Macro-invertebrates collected in the two groups of 

sites have been clustered in six feeding groups (Fig.  

3). Piercers, predators and scrapers were the most 

represented in the two groups.  

 

These feeding groups represented respectively 33 %, 

26% and 23% of the taxonomic richness in group 1 

while in group 2they constituted respectively 26%, 

23% and 22% of the recorded taxa. Yet, scrapers were 

the more abundant both in sites with macrophytes 

(79%) and in the sites without macrophytes (61%). 

 

Table 2.Abundance and frequency of occurrence of the recorded taxa of macroinvertebrates at the two groups of 

sampling sites of the studied lakes of Yamoussoukro: Very frequent (FO > 50%), **frequent (25% ≤ FO <  50%), 

*rare occurrence (FO < 25%). 

  

Taxons 

Group 1 (sites with macrophytes) Group 2 (sites without macrophytes) 

 Abundance Frequency of occurrence   Abundance Frequency of occurrence 

Acheata     

Glossiphonia sp. 33 ** 117 *** 

Haementeria sp.   2 * 

Helobdella sp. 2 * 42 * 

Hemiclepsis sp.   8 * 

Oligocheata   4 * 

Gasteropoda     

Bulinus forskalii 84 ** 50 *** 

Bulinus globusus 16 * 47 ** 

Indoplanorbis exutus 836 *** 535 *** 

Lanites varicus 22 **   

Lymnaea natalensis 686 *** 463 *** 

Physa marmorata 6362 *** 641 *** 

Pila africana 362 *** 100 *** 

Biomphalaria pfeifferi 349 *** 126 *** 

Bulinus troncatus 1 * 20 * 

Gabiella africana 15 ** 6 * 

Melanoides tuberculata 1420 *** 5497 *** 

Gordiacea     

Gordius sp. 8 * 2 * 

 

(continued) 

  

Taxons 

Group 1 (sites with macrophytes) Group 2 (sites without macrophytes) 

Abundance Frequency of occurrence Abundance Frequency of 

occurrence 
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Insecta     

Coleoptera     

Amphiops sp. 417 *** 242 *** 

Aulonogyrus sp. 29 *   

Cyphon sp. 19 *   

Donociasta sp. 10 *   

Heterhydrus senegalensis   2 * 

Hydaticus sp. 264 *** 85 ** 

Hydrobius sp. 59 *** 92 *** 

Hydrocanthus sp. 4 *   

Hydrochara sp. 35 *** 23 *** 

Laccophilus sp.   15 * 

Pseudobagous longulus 52 ** 6 * 

Agabus sp. 7 *   

Cybister sp. 58 *** 44 ** 

Dineutus sp. 2 * 2 * 

Dytiscus sp.   3 * 

Enochrus sp. 84 *** 16 ** 

Gyrinus sp. 2 *   

Helodidae 2 *     

 

(continued) 

  

Taxons 

Group 1 (sites with macrophytes) Group 2 (sites without macrophytes) 

Abundance Frequency of occurrence Abundance Frequency of occurrence 

Insecta     

Coleoptera     

Hydrovatus sp 169 *** 31 *** 

Hydrocoptus sp. 12 *   

Hydrocyphon sp. 8 *   

Limnius sp. 49 ** 19 ** 

Noterus sp. 6 * 2 * 

Parasthetops sp. 7 *   

Spercheus sp. 1 * 8 * 

Diptera     

Ablabesmya sp. 12 * 17 * 

Ceratopogonidae 3 *   
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Culicidae 56 *** 129 *** 

Muscidae 6 * 2 * 

Proclaclius sp.   4 * 

Steriochironomus sp.   2 * 

Stratiomyidae   6 * 

Tabanidae 33 *** 63 ** 

Xenochironomus sp.   16 ** 

Acenthocema sp.     4 * 

 

(continued) 

  

Taxons 

Group 1 (sites with macrophytes) Group 2 (sites without macrophytes) 

Abundance Frequency of occurrence Abundance Frequency of occurrence 

Insecta     

Diptera     

Chironomus sp. 478 *** 913 *** 

Clinotanypus sp.   14 * 

Cryptochironomus sp. 74 *** 368 *** 

Leptoconops sp. 3 *   

Limonia tipulipes 2 * 1 * 

Mochlonyx sp.   1 * 

Polypedilium sp. 4 * 5 * 

Psychodidae   2 * 

Sciomizidae   2 * 

Syrphidae 86 ** 17 * 

Ephemeroptera     

Adenophlebiodes sp. 18 * 10 * 

Baetis sp. 346 *** 298 *** 

Cloeon sp. 11 *   

Hemiptera     

Angilia sp. 2 *     

 

 

(continued) 

 Taxons Group 1 (sites with macrophytes) Group 2 (sites without macrophytes) 

Abundance Frequency of occurrence Abundance Frequency of occurrence 

Insecta     
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Hemiptera     

Diplonychus sp. 535 *** 391 *** 

Enithares sp. 35 *   

Eurymetra sp. 2 *   

Hydrocyrius sp. 20 * 10 * 

Hydrometra sp.   4 * 

Laccocoris sp. 4 *   

Laccotrephes sp. 2 *   

Mesovelia sp.   35 ** 

Micronecta sp. 2 * 10 * 

Microvelia sp. 10 *   

Naucoris sp. 39 ** 20 * 

Anisops sp. 159 *** 60 *** 

Corixini sp. 2 *   

Hydrovatus sp. 503 *** 66 *** 

Limnogeton sp. 4 * 2 * 

Limnogonus sp. 10 * 4 * 

Normandia sp. 8 *     

 

(continued) 

 Taxons Group 1 (sites with macrophytes) Group 2 (sites without macrophytes) 

Abundance Frequency of occurrence Abundance Frequency of occurrence 

Insecta     

Hemiptera     

Ranatra sp. 20 ** 13 ** 

Stenocorixa sp. 2 *   

Lepidoptera     

Elophila sp. 60 ** 6 * 

Odonata     

Aeshna sp. 2 *   

Brachythemis sp.   15 ** 

Bradinopyga sp. 11 * 6 * 

Ceriagrion sp. 111 ** 59 ** 

Chalcostephia sp. 4 * 4 * 

Cordulgaster  sp.   2 * 

Diplacodes sp. 8 *   
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Erythromma sp.   10 * 

Orthetrum sp. 3 *   

Phaon sp. 4 * 14 * 

Phyllomacromia sp. 54 * 9 * 

Pseudagrion sp. 2 * 81 *** 

 

(continued) 

  

Taxons 

Group 1 (sites with macrophytes) Group 2 (sites without macrophytes) 

 Abundance Frequency of occurrence Abundance Frequency of occurrence 

Insecta     

Odonata     

Sympetrum sp.   2 * 

Tholymis sp. 4 * 2 * 

Trithemis sp. 43 * 4 * 

Urothemis sp. 7 *   

Trichoptera     

Diclonyclum sp. 23 *   

Dyschimus sp. 4 *   

Polycentropus sp. 5 *   

Stactobia sp.   6 * 

Turbellaria     

Planaria sp. 2 *     

Taxonomic richness  84  76 

Total abundance 11146   10928   

 

Similarities between sampling sites and indicator 

taxa 

Sorensen similarity Index calculated to compare 

macro-invertebrate taxonomic composition in 

Yamoussoukro lakes indicated a low similarity (0.33) 

between group 1 and group 2.  

 

Two taxa (families of Diptera) with significant 

indicator values (permutation test, P < 0.05) were 

recorded (Table 4). Samples collected in group 1 were 

mainly characterized by Tabanidae (Indval=0.774; 

p=0.007) while Culicidae (Indval=0.779; p=0.023) 

appeared as specific to group 2. 

 

Discussion 

Macro-invertebrates diversity and structure 

according to macrophyte presence or absence 

Non-significant difference was observed in diversity 

measurement (taxonomic rarefied richness, Shannon-

Weiner index and Pielou’s Evenness Index) between 

the two groups of sites. Diversity and abundance of 

macro-invertebrate communities collected both under 

macrophytes and in open water were statistically 

identical. According to Walker et al. (2012) 

macrophytes can affect macro-invertebrates 

abundance but it causes no significant differences in 

macro-invertebrate species richness and diversity. 

This situation is probably due to the bad 
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environmental conditions in studied lakes. Indeed 

Yamoussoukro lakes are affected by a modification of 

their water balance, due to hydrological and hydro-

dynamical modifications, increased sedimentation 

and physicochemical pollutions (Kouamé et al., 2011). 

Because of pollution level in these aquatic systems, 

macrophyte influence on invertebrate community 

could not be perceptible. 

 

Table 3.Proportions of very frequent taxa (***), frequent taxa (**) and rare taxa (*) in macroinvertebrates 

collected in group 1 (sites with macrophytes mats) and group 2 (sites without macrophytes) of the studied lakes of 

Yamoussoukro. 

 Group 1 Group 2 

Very frequent taxa 24.1% 24.68%  

Frequent taxa 13.25% 15.58% 

Rara taxa 62.65% 59.74% 

 

However macro-invertebrates collected was relatively 

most abundant and most diversify under macrophyte 

beds (especially Gasteropoda and Insecta). This result 

shows that macrophytes play an important role in 

providing a stable habitat structure in the studied 

hydrosystems. Indeed, freshwater vegetations are 

home to a variety of macro-invertebrates belonging to 

Insecta and Mollusca (Habib and Yousuf, 2014). The 

complex structured plants support higher macro-

invertebrate abundance and species thereby making 

plant morphology an important determinant in 

invertebrate distribution (Hansen et al., 2010). 

According to Warfe and Barmuta, (2006), 

macrophytes are found to be better habitat for 

invertebrate fauna as these provide more number of 

microhabitats which increases the overall available 

niche space (Willis et al., 2005). 

 

Table 4. Significant indicator taxa (IndVal, P < 0.05) for each group of sites: 1= sites with macrophytes mats; 2= 

sites without macrophytes. 

Indicators taxa Group of sites Indval Probability 

Tabanidae 1 0.774 0.007 

Culicidae 2 0.779 0,023 

 

Moreover, Ephemeroptera and Trichoptera were most 

relatively abundant in sites with macrophytes mats. 

These organisms are indicative of less impacted 

aquatic ecosystems (Dickens and Grahams, 2002). 

They are sensitive to low concentration of dissolved 

oxygen (Stiers et al., 2011). Relative importance of 

Ephemeroptera and Trichoptera under macrophytes 

can be explained. Indeed, aquatic invertebrates find 

refuge from prevailing hypoxic conditions in the 

overlaying water by using the oxygen excluded from 

the roots of the macrophyte. This situation was 

observed by Kornijow et al. (2010) who reported 

greater density of invertebrates in the roots of the 

floating mats Trapa natans in the fresh water tidal 

Hudson River. 

Bad environmental conditions in studied lakes 

Physa marmorata and Melanoides tuberculata 

(Gasteropoda) were most abundant and very frequent 

(FO =100%) in each group of sites. Meanwhile, 

Trichoptera, indicator of good environmental 

conditions, were found as rare taxa in each group of 

sites. These results indicated high degree of pollution 

of Yamoussoukro lakes. Indeed, according to Kouamé 

et al. (2011), these lakes receive permanently 

important quantities of untreated urban wastewater 

and solid wastes. Besides, several studies (Ndifon and 

Ukoli, 1989; Bony et al., 2008)were shown that the 

genus Physa was usually met in ecosystems with high 

organic pollution level.   
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Fig. 2.Box-plots showing variations of  rarefied richness (A), abundance (B), Shannon index (C) and Pielou’s 

Evenness (D) between group 1 (sites with macrophytes mats) and group 2 (sites without macrophytes) of the 

studied lakes of Yamoussoukro. 

Composition and structuration in feeding groups 

observed both in sites with macrophytes and in sites 

without macrophytes were similar. Scrapers were the 

most abundant in each group of sites. This feeding 

group was mainly represented by Gasteropoda which 

are great consumers of algae.  

 

This result shown an important production of Algae 

in all the sites prospected due probably to great 

quantities of nutrients in wastewater discharged in 

Yamoussoukro urban lakes.  

 

A low taxonomic similarity was observed between the 

two groups of sites. The indicator value analysis 

revealed that Tabanidae and Culicidae (Diptera) 

appeared as taxa associated with respectively group 1 

(sites with macrophytes mats)and group 2 (sites 

without macrophytes). Because of their bad 

environmental conditions, Yamoussoukro aquatic 

systems constitute a favourable environment for 

Culicidae and Tabanidae which are frequently vectors 

of various disease agents (Thomson and Conor, 

2000).  

 

According to Kouamé et al. (2011), pollution of 

Yamoussoukro lakes caused increasing of malaria 

these last years. 

 

This study showed that in urban lakes intensely 

polluted, macrophytes presence remains just a 

consequence of the pollution and cannot be used to 

explain any variation in macro invertebrates 

composition. Thus in this situation it’s suitable to 

assess the pollution level in each site or in each lake 

before understanding and explaining difference in 

macrofauna communities between sampling sites.
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Fig. 3. Relative specific richness (A and C) and relative abundance (B and D) of macroinvertebrates feeding 

groups defined in sites with macrophytes mats (Group 1) and in sites without macrophytes (Group 2)  in the 

studied lakes of  Yamoussoukro. 

Acknowledgements 

The authors are extremely grateful to the 

“SODERTOUR LAC” who allowed us access to the 

studied lakes.  

 

References 

Amani A, Barmo S. 2010. Contribution à l’état des  

connaissances dequelques plantes envahissantes au 

Niger. INRAN, 40 p. 

 

Aw S. 2009. Etudes physico-chimiques et 

microbiologiques d'un système lacustre tropical: cas 

des lacs de Yamoussoukro (Côte d'Ivoire). Thèse de  

Doctorat, Université de Poitiers, France , 98-106. 

 

Bony YK, Kouassi NC, Diomande D, Gourène 

G, Verdoit-Jarraya M, Pointier JP. 2008. 

Ecological conditions for the spread of the invasive 

snail Physa marmorata (Pulmonata: Physidae) in 

Ivory Coast. African Zoology 43, 53–60. 

 

Brown DS. 1994. Freshwater Snails of Africa and 

their Medical Importance. Taylor & Francis, London, 

230-245. 

 

Center TD, HILL MP, Cordo H, Julien MH. 

2002. Water hyacinth. In: Van Driesche R, Lyon S, 

Blossy B, Hoddle M, Reardon R Ed. Biological Control 

of Invasive Plants in the Eastern United States. USDA 

Forest Service Publication, Morgantown, 196 - 223. 

 

Coetzee JA, Jones RW, Hill MP. 2014. Water 

hyacinth, Eichhornia crassipes (Pontederiaceae), 

reduces benthic macroinvertebrate diversity in a 

protected subtropical lake in South Africa. 

Biodiversity and Conservation 23, 1319–1330. 



J. Bio. Env. Sci. 2018 

 

102 | David et al. 

Conners ME, Naiman RJ. 1984. Particulate 

allochthonous inputs:relationships with stream size 

in an undisturbed watershed. Canadian Journal of 

Fisheries and Aquatic Sciences41, 473-1484. 

 

Cummins KW. 1984. Invertebrate food resource 

relationships. Journal of the 

North American Benthological Society1, 44-45. 

 

Cummins R. 1989. Meaning and mental 

representation. MIT Press, Cambridge, 102-110. 

 

Dajoz  R. 2000.Précis d’Ecologie. Edition Dunod, 

Paris, 373-390. 

 

Day JA, Stewart BA, de Moor IJ. 2001a. Guide to  

the Freshwater Invertebrates of Southern Africa, 4,  

Crustacea III : Bathynellacea, Amphipoda, Isopoda, 

Spelaeogriphacea, Tanaidacea, Decapoda. Rapport N° 

TT 141/01 Water Research Commission, South Africa, 

58 – 136. 

 

Day JA, Stewart BA, de Moor IJ. 2001b.Guide to 

the Freshwater Invertebrates of Southern Africa, 9, 

Diptera. Rapport N° TT 201/02 Water Research 

Commission, South Africa, 78-158. 

 

De Moor IJ, Day JA, Moor FC. 2003 a. Guide to 

the Freshwater Invertebrates of Southern Africa. Vol 

7: Insecta I: Ephemeroptera, Odonata and Plecoptera. 

Rapport N° TT 207/03 Water Research Commission, 

South Africa, 45-258. 

 

De Moor IJ, Day JA, Moor FC. 2003 b. Guide to 

the Freshwater Invertebrates of Southern Africa.Vol 

8, Insecta II: Hemiptera, Megaloptera, Neuroptera, 

Trichoptera and Lepidoptera. Rapport N° TT 214/03 

Water Research Commission, South Africa, 52-159. 

 

Dejoux C, Elouard JM, Forge P, Maslin JL. 

1981. Catalogue Iconographique des Insectes 

Aquatiques de Côte d’Ivoire. Report ORSTOM, 

Bouaké, 28-175. 

 

Dickens CWS, Graham PM. 2002.The South 

African Scoring System (SASS) Version 5 rapid 

bioassessment method for rivers. African Journal of 

Aquatic Science27, 1-10. 

 

Dufrêne M, Legendre P.1997. Species assemblages 

and indicator species: The need for a flexible 

asymmetrical approach. Ecological Monographs67, 

345-366. 

 

Edia OE, Emmanuel C, Konan KM, Gattolliat 

JL. 2016. Diversity, distribution and habitat 

requirements of aquatic insect communities in 

tropical mountain streams (South-eastern Guinea, 

West Africa). International Journal of Limnology 52,  

285–300. 

 

Habib S, Yousuf AR. 2014.Impact of mechanical 

deweeding on the phytophilous macroinvertebrate 

community of an eutrophic lake. Environmental 

Science and Pollution Research 21, 5653-5659. 

 

Hansen JP, Sagerman J, Wikstrom SA. 2010. 

Effects of plant morphology on small- scale 

distribution of invertebrates. Marin Biology 157, 2143 

- 2155. 

 

Heck KL, Vanbelle G, Simberloff D. 

1975.Explicit calculation of rarefaction diversity 

measurement and determination of sufficient sample 

size. Ecology 56, 1459 –1461. 

 

Hyslop EJ. 1980. Stomach contents analysis, a 

review of methods and their application. Journal of 

Fish Biology 17, 411-429. 

 

Kornijow R, Strayer DL, Caraco NF. 2010. 

Macroinvertebrate communities of hypoxic habitats 

created by an invasive plant (Trapa natans) in the 

freshwater tidal Hudson River. Fundamental and 

Applied Limnology 176, 199-207. 

 

Kouamé AN, Koffi FK, Kotchi YB, Oi EE, 

Théophile G, Karim ST,  Pascal V. H. 



J. Bio. Env. Sci. 2018 

 

103 | David et al. 

2011.Prospects for rehabilitation of man-made lake 

system of Yamoussoukro (Ivory Coast).Procedia 

Environmental Sciences 9, 140 – 147. 

 

Kouamé MK, Diétoa MY, Da Costa SK, Edia 

EO, Ouattara A, Gourène G. 2010.Aquatic 

macroinvertebrate assemblages associated with root 

masses of water hyacinths, Eichhornia crassipes 

(Mart.) Solms Laubach, 1883 (Commelinales: 

Pontederiaceae) in Taabo Lake, Ivory Coast. Journal 

of Natural History44, 257-278. 

 

Kovalenko KE, Dibble ED, Slade JG. 2010. 

Community effects of invasive macrophyte control: 

role of invasive plant abundance and habitat 

complexity. Journal of Applied Ecology47, 318-328. 

 

Lauzanne L. 1976.Régimes alimentaires et relations  

trophiques des poisons du lac Tchad. Cahier de 

l’ORSTOM, série Hydrobiologie10, 267-310. 

 

Luken JO, Thieret JW. 1997. Assessment and 

management of plant invasions. Springer-Verlag 

Environmental Management Series, New York, 158- 

205. 

 

Lyons R, Kelly-Quinn M. 2003. An investigation 

into the disappearance of Austropotamobius pallipes 

(Lereboullet) populations in the headwaters of the 

Nore River, Ireland, and the correlation to water 

quality. Bulletin Français de la Pêche et de la 

Pisciculture370, 139-150. 

 

Masifwa WF, Twongo T, Denny P. 2001.The 

impact of water hyacinth, Eichhornia crassipes 

(Mart.) Solms, on the abundance and diversity of 

aquatic macroinvertebrates along the shores of 

northern Lake Victoria, Uganda. Hydrobiologia 452, 

79–88. 

 

Moretti MS, Callisto M. 2005. Biomonitoring of 

benthic macroinvertebrates in the middle Doce River  

watershed. Acta Limnologica Brasiliensia17, 267-281. 

 

Ndifon GT, Ukoli FMA. 1989. Ecology of 

freschwater snails in south-western Nigeria.  

Hydrobiologia171, 231-253. 

 

Oksanen J, Blanchet FG, Kindt R, Legendre P, 

Minchin PR, O’Hara RB, Simpson GL, 

Solymos P, Stevens MHH, Wagner H. 

2013.vegan: Community Ecology Package. R package 

version 2.0. 

 

Peterson BJ, Corliss TL, Kriet K, Hobbie JE. 

1992. Nitrogen and Phosphorus Concentrations and 

export for the upper Kuparuk River on the North 

Slope of Alaska in 1980. Hydrobiologia240, 61- 69. 

R Core Team. 2013. R: A Language and 

Environment for Statistical Computing. R Foundation 

for Statistical Computing, Vienna, Austria, Available 

online at:  

http://www.R-project.org/ 

 

Sankaré Y. 1991. Étude comparative de la 

macrofaune associée aux racines de PistiastratiotesL. 

(Araceae) du lac de barrage d’Ayamé II et du fleuve 

Comoé (Côte d’Ivoire). Journal Ivoirien d’ 

Océanologie et de Limnologie 1, 131–138. 

 

Sorensen T. 1948. A method of establishing groups 

of equaly amplitude inplant society based on 

similarity of species content. K. Danske Vidensk 

Selsk.5, 1-34. 

 

Stals R, De Moor I.J. 2007. Freshwater 

Invertebrates of Southern Africa, Vol 10: Coleoptera, 

WRC Report, South Africa, Pretoria, 100 - 259. 

 

Stiers I, Crohain N, Josens G, Triest L. 

2011.Impact of three aquatic invasive species on 

native plants and macroinvertebrates in temperate 

ponds.Biological Invasion 13, 2715 - 2726. 

 

Tachet H, Richoux P, Bourneau M, Usseglio-

Polatera P. 2010. Invertébres d’eaudouce; 

systematique, biologie, ecologie.CNRS Editions, Paris, 

98- 410. 



J. Bio. Env. Sci. 2018 

 

104 | David et al. 

Thirion C. 2000. A new biomonitoring protocol to 

determine the ecological health of impoundments, 

using artificial substrates. African Journal of Aquatic 

Science 25, 123 –133. 

 

Thomaz SM, Dibble ED, Evangelista LR, 

Higuti J, Bini LM. 2008. Influence of aquatic 

macrophyte habitat complexity on invertebrate 

abundance and richness in tropical lagoons. 

Freshwater Biology 53, 358-367. 

 

Thomson MC, CONNOR SJ. 2000. 

Environmental information systems for the control of  

arthropod vectors of disease. Medical and Veterinary  

Entomology 3, 227-244. 

 

Vander  Zanden MJ, Wilson KA, Casselman 

JM, Yan ND. 2004. Species introductions and their 

impacts in North American Shield lakes. In: Gunn 

JM, Steedman RJ, Ryder RA, Ed. Boreal Shield 

watersheds: lake trout ecosystems in a changing 

environment. CRC Press Company, BR: London, 239-

264. 

 

Varga I. 2003. Structure and changes of 

macroinvertebrate community colonizing 

decomposing rhizome litter of common reed at Lake 

Ferto/Neusiedler See (Hungary). Hydrobiologia506, 

413-420. 

 

Villamagna AM, Murphy BR. 2010.Ecological 

and socio-economic impacts of invasive water 

hyacinth (Eichhornia crassipes): a review. Freshwater 

Biology 55, 282–298. 

 

Walker PD, Wijnhovenb S, Van-der Velde G. 

2012. Macrophyte presence and growth form 

influence macroinvertebrate community structure. 

Aquatic Botanic 12, 124-198. 

Warfe DM, Barmuta LA. 2006. Habitat structural 

complexity mediates foodweb dynamics in a 

freshwater macrophytes community, Ecologia 150, 

141-154. 

 

Willis SC, Winemiller KO, Lopez-Fernandez 

H. 2005.Habitat structural complexity and 

morphological diversity of fish assembly in 

neotropical floodplain. Oecologia 142, 284-295. 

 

Instruction for authors 

Journal of Biodiversity and Environmental Sciences  

(JBES) publish high-quality original  research papers 

together with review articles and short-

communication.   

 

Submission of a  manuscript to JBES implies that it is  

not under consideration by any other journal, and no  

part has been published elsewhere, with the exception 

of a short abstract. All of the authors  have to be 

aware of the submission.  

 

Guidelines for manuscript   

Manuscripts should be typewritten on an A4 sheet 

having ‘1.5’ line-spacing throughout the text. The 

margins should be 2.54cm (1inch) in all sides and 

page number should be should be consecutively on 

the bottom of the page. The manuscript should be 

written in Arial style  using ‘12’ font size. For original 

research paper,  the manuscript should be arranged in 

the following order: title  page, Abstract, keywords, 

Introduction, Materials and methods, Results, 

Discussion (this  section may be combined with 

results), Acknowledgements, References,  Tables with  

legends, figures with legends and supplementary 

material (if applicable).  

 

The  Title page  

should contain the title, the name(s) of the author(s), 

the name(s) and address(es) of the institution(s) 

where the work was carried out, including a valid e-

mail address for the corresponding author along with 

telephone and fax numbers.  

The Title of the manuscript  

Should be specific and concise but sufficiently 

informative.   

The Abstract  

Should not exceed 250 words and it should contain 

brief summary of findings and conclusions of the 



J. Bio. Env. Sci. 2018 

 

105 | David et al. 

study.  Authors should include no more than five Key 

words for their article. Abbreviation should be given 

in the text for long chemical names or other biological 

terms on the first mention (e.g. DNA, PCR). The 

author may get assistance for the abbreviation in the 

following website:  

http://www.biochemj.org/bj/bji2a.htm#abbrev 

 

Scientific Names should be complete and italics 

(genus, species, and authority, and cultivar where 

appropriate) for every organism at the first  mention. 

The generic name can be abbreviated from second 

times.   

Units of measurement for this journal should be 

metric system. Nomenclature for genes and proteins 

must follow international standards.  

 

All gene symbol and loci should be in italics and 

capital. All chemical, biochemical, and molecular 

biology nomenclature should be followed by IUBMB 

recommendation 

(http://www.chem.qmul.ac.uk/iubmb). Database for 

gene or protein sequence or others should be given 

reference according to EMBL; Gen-Bank, or the 

Protein Data Bank. Tables should be placed at the end 

of the manuscript and  should be numbered in Arabic 

numerals with a concise and descriptive legend at the 

head. They should be cited in the text where 

necessary.    

 

Figures  

Should be clear, informative and placed at the end of 

manuscript. Each figure should be clearly labelled 

using Arabic numbers with precise legends. Figure 

should be referred to in the text (e.g. Fig. 1 or Fig. 1A). 

The minimum resolution for the figures should be 

300dpi (dots per inch).    

 

Statistical analysis  

Is to be done if necessary. Biological data without 

statistical analysis cannot be accepted.    

References  

Should be accurate and descriptive. Citation of the 

reference must be accurate and relevant (For 

example: Peter, 2009, Alam and Kabir, 2006 or 

Thomas et al., 2011). In the list, references must be 

placed in alphabetical order without serial 

numbering. Only papers published or in press should 

be cited in the literature list. Citation of references 

should be followed like below:   

 

Flor H. 1971. Current status of the gene-for-gene  

concept. Annual Review of Phytopathology 9, 257- 

296.  

 

Bari R, Jones JD.  2009. Role of plant hormones in  

plant defense responses. Plant Molecular Biology 69, 

473- 488.   

 

Gachon CM, Langlois-Meurinne M, 

Saindrenan P. 2005. Plant secondary metabolism 

glycosyltransferases: The emerging functional 

analysis. Trends in Plant Science 10, 542- 549.  

 

Huynh BL. 2008. Genetic characterization and QTL 

mapping for grain fructan in wheat  (Triticum 

aestivum L.). PhD thesis, University of Adelaide, 

Australia, 17- 35.   

 

Jiang Q, Gresshoff PM. 1993.  Lotus japonicus: a 

model plant for structure-function analysis in 

nodulation and nitrogen fixation. In: Gresshoff PM, 

Ed. Current topics of plant molecular biology, Vol. II. 

Boca Raton, FL: CRC Press, 97- 110.  

 

Rose JKC, Catala C, Gonzalez-Carranza CZH, 

Roberts  JA. 2003. Plant cell wall. disassembly. In: 

Rose JKC, Ed. The plant cell wall. Oxford, UK: 

Blackwell Publishing Ltd., 264- 324.   Unpublished 

results, including submitted  manuscripts and those 

in preparation, should be cited as unpublished in the 

text. Journal titles should not be abbreviated but be 

given in full. Citation of articles from e-journals and 

journal articles published ahead of print should have 

the author names, year, manuscript title, journal title, 

volume number and page number. Citation of other 

URL addresses is suggested to avoid.  

 



J. Bio. Env. Sci. 2018 

 

106 | David et al. 

Review Procedure: Authors are expected to receive 

the reviewer’s comment within four weeks following 

by editorial verification. Incomplete manuscript and 

papers not written according to instruction will be 

returned to the author without sending to reviewers. 

Revised manuscript should be returned.  

 

Submission: All manuscripts should be submitted 

to jbes@innspub.net via e-mail attachment as a single 

Microsoft word file.  

 

Page charge: The processing fee in the Journal of 

Biodiversity and Environmental Sciences (JBES) is 

payable after the article is accepted for publication. 

Processing fee for one article is USD 80 (80 $) for 

international authors and BDT 3500 (3500 Tk) for 

Bangladeshi authors.  

 

Reprints: Authors will have a free copy of the article 

as portable document format (PDF) file. Authors are 

permitted to print unlimited copies of their articles.  

 


