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ABSTRACT

This study aims to assess the impact of fish feeding on the diversity and structureof aquatic
macroinvertebrates in fishponds of Blondeyin Southern Cote d’Ivoire. It was conducted in
three fish ponds: a Pond Without Fish (PWF), a Pond Stocking with Fishs Without artificial
Feed (PSFWF) and a Pond Stocking with Fishs that receive artificial Feed (PSFF) of Blondey.
In each pond, aquatic macroinvertebratesamplings were undertaken monthly with artificial
substrat (plastic basket of 20 centimeters in diameter, 14 centimeters of height and 0.5
centimeters aperture size) from November 2015 to October 2016. Environmental variables
such as transparency, temperature, pH, dissolved oxygen, oxygen redox potential
andconductivity were measured in Situ. A total of 45 taxa of aquatic macroinvertebrates
belonging to three classes (Achets, Gasteropods and Insects), seven orders (Ephemeroptera,
Odonata, Heteroptera, Trichoptera, Coleoptera, Diptera and Basomatophora) and 24 families
were collected. Insect class dominated quantitatively and qualitatively aquatic
macroinvertebrate community at each fishpond. Inside this predominated class, Odonata (12
taxa) and Diptera (9 taxa) were the most diversify. Taxa richness is higher in PWF and PSFF
and lower in PSFWF. The abundance of Ephemeroptera and Trichoptera decreased
respectively from ponds without fishs to ponds stocking with fishs that receive artificial feed.
However, the contrary result was registered with Diptera (Chironmidae) in these same fish
ponds. High value of conductivity was obtained in PSFF while high dissolved oxygen value
was registered in PWF.Melanoides tuberculata (Gasteropoda) and Achetawere the two very

frequent taxa in all the three fishponds. The Sorensen similarity index showed highest
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similarity (52%) between PSFWF and PSFF. Aquatic macroinvertebratescommunity structure
was visualized using Canonical Correspondence Analysis to show the affinities of each
species for selected environmental parameters.This study revealed that conductivity and
temperature were the most dominant variables governingthree Diptera (Nilodorum brevibucca,
Polypedilum deletum, Aedes sp.) and one Heteroptera (Anisops sardea) distributionin PSFF.
However, the repartition of two Ephemeroptera (Povilla adusta, Exeuthyplocia sp.) and one
Trichoptera (Parasetodes sp.) were mainly influenced byTransparency and dissolved
oxygenin PWF.

Keywords: aquatic macroinvertebrates, fishponds, Impact, feeding, diversity, structure,

Blondey, Céte d’Ivoire, West Africa.

1-INTRODUCTION

Fishpond ecosystems have recently been recognized as important habitats for the maintenance
of biodiversity (Oertli et al., 2005) particularly for macrofaunabiodiversity (Apinda-Lognouo,
2007).Aquatic macroinvertebrates are generallyused in bioassessment programs for
determining the ecological quality of fishpond(Moretti & Callisto, 2005; Edia, 2013;Yapoet
al., 2017).The identificationof species and their distribution patterns providemore information
for monitoring and conservingthese ecosystems.Moreover aquatic macroinvertebrates play an
important role in aquatic ecosystems functioning (Dunbar et al., 2010). At the larval stage,
they constituted the principalnutritive fauna of fish or many predatory organisms (Tachet et

al., 2010; Broyer & Curtet, 2010).

In Cote d’Ivoire, several studies have been conducted on the distribution, taxonomic
abundance and systematic of macroinvertebrates in the running waters (Edia et al., 2010 ;
2013 ; 2015; Kouadio, 2011 ; Camara et al., 2012 ; Diomandé et al., 2014 ; Kouamé, 2014).
However, without studies of Edia (2013); Yapo et al. (2007; 2012; 2013;2014; 2015; 2017)
on diversity and systematic of aquatic insects of fishpond, never study has been conducted on
macroinvertebrates in slowing water such as fishpond ecosystem. Yet, those man made
habitats play an important roles in the conservation of aquatic biodiversity (Scheffer et
al.,2006; Yapoet al., 2013).Nowdays, aquatic macroinvertebrates are little know concerning

ecological functionning of those ecosystems (Herrmann et al., 2000; Ruhi et al., 2009).
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This study aims to: (1) characterize the sampled fishponds according to environmental
variables; (2) take the inventory of aquatic macroinvertebrates assemblages in three fish
ponds (pond without fish, pond stocking with fishs without artificial feed and pond stocking
with fishs that receive artificial feed); (3) investigate the relationships between

macroinvertebrate richness and environmental variables.

2-MATERIALS AND METHODS

2-1-Study area and sampling sites

This study was undertaken in the piscicultural farm of Blondey located in South of the Cote
d’Ivoireat 25 km to Abidjan town (Figure 1). This farm has 27 ponds that three was used.
This farm was used for Nile tilapia (Oreochromis niloticus) culture. All the ponds were fed by
man-made lake nearby.This lake was fed inrainy season by running water from palm tree

surronding the lake.

Three ponds were selected for this study:Pond without Fish (PWF); Pond Stocking With fishs
without artificial Feed (PSFWF) and PondStocking with Fshs that receive artificial Feed

(PSFF) in order to compare their aquatic macroinvertebratescommunity structure.

2-2-Data collection

In each pond, aquatic macroinvertebrate samplings were undertaken monthly, from november
2015 tooctober 2016 in the three selected fishponds (PWF, PSFWF and PSFF). Sampling was
done usingarticial substrat (stones and branchs) in plastic baskets (20 Cm in diameter, 14 Cm
of height and 0.5 Cm aperture size). In each selected fishpond, four baskets were used. Each
basket was immersed at the underneath of the pond by the nylon rope. Samples were taken by
collecting monthly these substrates and rinsing them through the water pond into a sieve of 1
mm aperture size. The material retained on the mesh was immediately fixed in 70% alcohol.
In the laboratory, specimens were sorted and identified under a binocular magnifying glass SZ
40 to the lowest possible taxonomic level by means of the keys in Dejoux et al. (1981); Day et
al. (2002 ; 2003); De Moor etal. (2003 a, b); Tachet et al. (2010); Stals & De Moor (2007). At
each sampling period, before macroinvertebrate sampling, six environmental variables

(transparency, temperature, pH, dissolved oxygen, oxygen redox potential and conductivity)
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were measured using a multiparameter digital meter. Transparency was determinate using a

20 cm diameter Secchi disk.

2-3-Data analysis

Aquatic macroinvertebrate abundance was obtained by counting all individuals per taxon and
expressing the results as numbers per sample. Taxon richness was rarefied to avoid any bias
related to differences in abundances between samples (Heck et al., 1975).The rarefaction was
applied to the total taxonomic richness per site using the lowest abundance (13 individuals for
this study) found in all sites as the target number of individuals (Oksanen et al.,
2013).Shannon-Weaver diversity index (H’) (Quinn & Hickey, 1990), Pielou evenness index
(Pielou, 1969)(E) and frequency of occurrence (FO)were calculated. Shannon-Weaver
diversity index was used to assess taxa diversity of macroinvertebrates. Evenness was used to
determine aquatic macroinvertebrates distribution, regardless of species richness.Calculations
were performed using the vegan package (Oksanen et al., 2013) for the R 3.0.2 freeware (R
CoreTeam, 2013). FO is the percentage of samples in which each taxon occurred. It was
calculated to classify the macroinvertebrates according to Dajoz (2000). Coefficient of
similarity QS) among stations was estimated following Sorensen (1948). Sorensen index was
used to assess the similarity of aquatic macroinvertebrates between different pond.

Variations in environmental variables were determined using a Kruskal-Wallis test. When the
Kruskal-Wallis test was significant, a Wilcoxon test was usedfor pairwise comparison. The
significance threshold was P=0.05.Before performing the comparison test, the normality of
data was checked by Shapiro test.

A Canonical Correspondence Analysis (CCA) was carried out using the R package(R
CoreTeam, 2013) to expresses the main relations between species and environmental
variables.Taxa occurring in more than 25% of the samples, were retained. The analyses
were computed with the Ade4 package (Chessel et al., 2004) for the R 3.0.2 freeware.These
taxa were considered as principal taxa.This has been done to minimize the influence of rare

taxa. Six environmental parameterswere returned for the analysis.

3. RESULTS

3-1-Environmental variables
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The variations of environmental variables among the three fishponds are shown in Figure 2.
The conductivity varied from 33.8 pS-cm™ (PWF) to 130.2 pS-cm'(PSFF). Temperature
ranged between 26.2°C (PSFF) and 30.4°C (PSFF). The dissolved oxygen also, ranged
between 1.6 mg-L-'(PSFF) and 11.51 mg-L'(PWF). The pH of fishpond was values varied
from 7.1 (PSFWF) to 9.04 (PSFF). The oxygen redox potential varied from 6.6 mV (PSFF) to
175.6 mV (PSFF). The transparency ranged between 9 cm (PSFF) and 24 cm (PWF).

PSFF gathered siteswith a high conductivity in comparison withthose of PWF (Wilcoxon test,
M=0.0021, P<0.05) andPSFWF (Wilcoxon test, M= 0.0021, P<0.05). The highest values of
dissolved oxygen were registered in PWF compared with those of PSFWF (Wilcoxon test,
M= 0.0021, P<0.05) and PSFF (Wilcoxon test, M= 0.0021, P<0.05). Conversely, values for
water transparency in PWFand PSFWF (Wilcoxon test, M= 0.0081, P<0.05) were
significantly (P<0.05) higher than those of PSFF. There were no significant variations of
temperature, pH and ORP values between fishponds (respectively Kruskal-Wallis x?=0.52;
0.20 and 0.40, P>0.05).

3-2-Taxonomic richness, abundance and composition

A total of 45 taxa of aquatic macroinvertebrates belonging to 3 classes (Achetea, Gasteropoda
and Insecta), 7orders (Ephemeroptera, Odonata, Heteroptera, Trichoptera, Coleoptera, Diptera
and Basomatophora) and 24 families were collected in the three ponds (Table 1).The
macroinvertebrate communities were dominated by insecta class (41 taxa) followed by
Gasteropoda (3 taxa) and Acheta (1 taxa) (Figure 3). Inside this predominated class, the
richest orderswere Odonata (12 taxa) and Diptera (9 taxa) followed by Ephemeroptera and
Heteroptera (7 taxa each one), Coleoptera (4 taxa) and Trichoptera (3 taxa).The abundance of
Ephemeroptera (144 - 8 specimens) and Trichoptera (421- 18 specimens) decreased
respectively from ponds without fishs to ponds stocking with fishs that receive artificial feed.
However, the abundance of Diptera (Chironmidae) increased (347 to 2583 specimens) in
these same fish ponds (Figure 4).The pond without fishs contained the higher aquatic
macroinvertebrate richness (28 taxa) whereas the lower (24 taxa) was observed in ponds
stocking with fishs that receive artificial feed. The high abundance of Ephemeroptera,
Trichoptera and Diptera was due to the predominance of respectively Povilla adusta
(Polymitarcyidae), Setodes sp. (Leptoceridae) (Figure5) and Nilodorum brevibucca,

Chironomus imicola (Chironomidae) (Figure 6) in the studied fish ponds at each sampling
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period. Note that Povilla adusta and Setodes sp.were most abundant at the ponds without
fishs whereas Nilodorum brevibucca, Chironomus imicola were most abundant at the ponds
stocking with fishs that receive artificial feed. The highest values of Shannon-Weaver (1, 84),
evenness (0,77) and rarefied taxonomic richness (5,17) were registered in PWF and the lowest
values of these parameters respectively (0,06; 0,04; 1,10) were obtained in PSFF. But, there
were no significant variations of Shannon-Weaver, evenness, abundance and rarefied
taxonomic richness between fishponds (Figure 7) (respectively Kruskal-Wallis x2=

0.45;0.45;0.45; 0.45 and 0.45, P>0.05).

3-3-Spatial distribution of aquatic macroinvertebrates (Frequency of occurrence (FO)
and Sorensen index).

Melanoides tuberculata (Gasteropoda) and Achetawere the two commonest taxa (FO > 50%)
found at all the three fishponds sampling stations. Povilla adusta (Ephemeroptera) and
Setodes sp. (Trichoptera) were very frequent (FO > 50%) in PWF and PSFWF. Contrary to
these taxa, Nilodorum brevibucca (Diptera) was mostfrequent (FO > 50%) in PSFWF and
PSFF. Bradinopyga sp. (Odonata) was frequently (25% < FO < 50%) found at all the three
fishpond selected (Table 1).

The Sorensen similarity index showed that PSFWF and PSFF were strongly similar (QS=
52.00) (Table 2). This index revealed that there was a minimum similarity between PWF and
PSFWF (QS= 48.15) and PWF and PSFF (QS= 46.15) (Table 2). PWF and PSFWF shared
thirteen taxa and also PSFWF and PSFF. However, twelve taxa were common between PWF
and PSFF (Figure8).

The three fishponds have ten taxa (Povilla adusta, Setodes sp., Centroptilum sp., Anisop sp.,
Bradinopyga sp., Nilodorum brevibucca, Chironomus imicola, Cryptochironomus sp.,

Melanoides tuberculata and Acheta) in common.

3-4-Relationships between environmental variables and aquatic macroinvertebrates
communities

The results of redundancy analysis revealed that the relationships between macroinvertebrate
taxa andtheir habitat conditions follow mainly the first two axes (F) (Figure 4). These two

axes accountedfor 76 % of the total variance. Water pH were positively correlated to axis I
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(F1). Inversely, conductivity and temperature were negatively correlated to this axe.High
values of these variables were recorded at PSFF. Transparency and dissolved oxygen were
negatively correlated to axis II (F2). High values of these variables were recorded at PWF.
PSFF where conductivity and temperature are high werestrongly characterized by three
Diptera (Nilodorum brevibucca, Polypedilum deletum, Aedes sp.) and one Heteroptera
(Anisops sardea). PWF with high transparency and dissolved oxygen values were
characterized by three Ephemeroptera (Povilla adusta, Exeuthyplocia sp., Centroptilum sp.),
one Trichoptera (Parasetodes sp.), two Heteroptera (Micronecta sp, Macrocoris flavicollis),
two Odonata (Bradinopyga sp, Pseudagrion sp.) and one Acheta. PSFWF where any
environmental variables is correlated were characterized by one Ephemeroptera (Caenomedea
sp.), one Trichoptera (Setodes sp), one Diptera (Polypedilum abyssiniae) and one Gasteropoda

(Melanoides tuberculata).

4-DISCUSSION

The present study showed high spatial variations of environmental variablessuch as
conductivity in pond stocking with fishs that receive artificial feed (PSFF). It could be related
to artificial feed given to fish by human which can increase the concentration of water salts.
Similar result was observed by Neumann &Dudgeon (2002) andArimoro &lkomi (2008) in
China and Nigeria.

Aquatic macroinvertebrates assemblages (45 taxa) from the three fish ponds of Blondey were
characterized by the presence of Achetes, Gasteropods and Insects. The comparison of our
results to those obtained by Edia (2013) and Yapo et al. (2015) who used respectively hand
net in three tropical fish ponds of Natiokobadara, Korhogo, Northern Ivory coast andVan
Veen grab in five fish ponds located in Southern Ivory coast, shows that the ecological value
of ponds surveyed in this study is most important. Indeed, these authors have collected 25 and
31 taxa respectively. This difference in taxonomic richness probably reflects differences
insampling methods and habitat coverage as demonstrated by Maue & Springer (2008).
However, aquatic insects were dominated the macroinvertebrate fauna. This could be
explained by the worldwide distribution and high tolerant of aquatic insects. This assertion
was supported by Apinda-Lognouo, 2007; Florencio et al., 2009; Arslan et al., 2010; Camur-

Elipek et al., 2010. Odonata and Diptera were mostly the diverse groups among orders of this
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class with respectively 12 and 9 taxa. On the contrary, Dipterans were the most abundance
quantitatively at each pond. This may be due to human influence on almost all fishponds and
also to the predominance of these orders in artificial ponds in Ivory cost (Edia, 2013; Yapo et
al., 2014). Moreover, the highest taxonomic richness (28 taxa) registered in the pond without
fishs which could be justified by the absence of fishs as demonstrated byBamba et al.,
2007;Sychra & Adamek, 2011; Edia et al., 2013.

The abundance of Ephemeroptera (144 - 8 specimens) and Trichoptera (421- 18 specimens)
decreased respectively from pond without fishs to pond stocking with fishs that receive
artificial feed. It was due to high water dissolved oxygen concentration in the pond without
fishs. These orders are also indicators of environmental quality (Arimoro & Ikomi, 2009;
Arimoro & Muller, 2009; Varandas & Cortes, 2010).

However, the highest abundance of Diptera (Chironmidae) in the pond stocking with fishs
that receive artificial feed could be explained by the abundance of organic matter that
mineralization could increase the production of algae in these fishponds. Leonard &
Ferrington (2007) mentioned that Chironomidae are big consumers of algae. The high
densities of Chironomidae at the pond stocking with fishs that receive artificial feed let us
suppose that this pond is characterized by an important development of algae. According to
Ouattara et al. (2001), stagnant waters promote algae reproduction and development so that
the Chironomidae of PSFF found enough algae to fulfil their foodneed.

In this study, thepattern distribution according to environmental variables indicates that
Diptera (Nilodorum brevibucca, Polypedilum deletum, Aedes sp.) and one Heteroptera
(Anisops sardea) were associated to high value of conductivity and temperature.A similar
result was observed by Diomandé et al. (2009) in Bia River (southern Cote d’Ivoire), by Yapo
et al. (2013) in some fish farm ponds of southern Cote d’Ivoire and by Ogbeibu (2001) who
observed a significant positive correlation between density and water temperature
intemporary pond in Okomu Forest Reserve. Ephemeroptera (Povilla adusta, Exeuthyplocia
sp., Centroptilum sp.), one Trichoptera (Parasetodes sp.) were associated to high value of
Transparency and dissolved oxygen. This could be related to good water quality as
demonstrated by Yapo et al. (2017) in five fish farms (Layo, Banco, Azaguié, Anyama I and

Anyama II) in southern Céte d’Ivoire.

CONCLUSION
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This study allowed us to identify 45 taxa of aquatic macroinvertebrates in an artificial non-
stocked pond.The settlement was dominated by Odonata and Diptera. The maximum richness
was observed in PWF where transparency and dissolved oxygen arehigh. This study revealed
that water quality of the PWF is good as supported by the values of biological indices and by

presence of orders Ephemeroptera and Trichoptera.

REFERENCES

Apinda-Legnouo E.A., 2007. The conservation value of artificial ponds in the western CAPE
province for aquatic beetles and bugs. PhD Thesis, University of Stellenbosch.

Arimoro F. O., & Ikomi R. B., 2008. Response of macroinvertebrates to abattoir wastes and
other anthropogenic activities in a municipal stream in the Niger Delta, Nigeria.
Environmentalist, 28: 85-98.

Arimoro F. O. & Ikomi R.B., 2009. Ecological integrity of upper Warri River, Niger Delta
using aquatic insects as bioindicators. Ecological Indicators, 9:455-461.

Arimoro F. O. & Muller W.J., 2009. Mayfly (Insect: Ephemeroptera) community structure
as an indicator of the ecological status of a stream in the Niger Delta area of Nigeria.
Environmental Monitoring and Assessment, http://dx.doi.org 10.1007/s10661-009-
1025-3.

Arslan N., Ayik O. & Sahin Y., 2010. Diversity and structure of Chironomidae (Diptera)
Limnofauna of Lake Uluabat, a Ramsar Site of Turkey, and their relation to
Environmental Variables. TurkishJournal of Fisheries and Aquatic Sciences,
10:315-322.

Bamba Y., Quattara A., Moreau J. & Gouréne G., 2007. Apports relatifs en nourritures
naturelle et artificielle dans 1’alimentation du tilapia Oreochromis niloticus en
captivité. Bulletin Francais de Péche et de Pisciculture, 386: 55-68.

Bamba Y., Ouattara A., Kouassi S., Da Costa & Gouréne G., 2008. Production de
Oreochromis niloticus avec des aliments a base de sousproduits agricoles. Sciences
& Nature, 5: 89 — 99.

Broyer J. & Curtet L., 2010. The influence of macrophyte beds on duck breeding in
fishponds of the Dombes region, France. Wildfowl, 60:136—149.

22



IJSEAS
International Journal of Scientific Engineering and Applied Science (I/JSEAS) — Volume-3, Issue-11, November 2017

ISSN: 2395-3470

www.ijseas.com

Camara L.A., Diomande” D., Bony Y.K., Ouattara A., Franquet E. & Gouréne G., 2012.
Diversity assessment of benthic macroinvertebrate communities in Banco National
Park (Banco Stream, Co” te d’Ivoire). African Journal of Ecology, 50: 205-217.

Camur-Elipek B., Arslan N., Kirgiz T., Oterler B., Giiher H. & Ozkan N. ,2010. Analysis
of Benthic Macroinvertabrates in Relation to Environmental Variables of Lake Gala,
a National Park of Turkey. Turkish Journal of Fisheries and Aquatic Sciences, 10:
235-243.

Chessel D., Dufour A.B. and Thioulouse J., 2004. The ade4 package — I: one-table methods.
R news, 4: 5-10.
Dajoz, R., 2000. Pre’cis d’Ecologie. Dunod, Paris.

Day, J.A., Harrison, A.D. & de Moor, L.J., 2002. Guides to the Freshwater Invertebrates of
Southern Africa, Volume9: Diptera, WRC report N° TT 201/02, South Africa,
Pretoria.
Day J.A., Harrison A.D. & De Moor LJ., 2003. Freshwater Invertebrates of Southern
Africa, Volume 9: Diptera, WRC Report, South Africa, Pretoria.
De Moor 1. J., Day A. J., de Moor C. F., 2003a. Guide to the Freshwater Invertebrates of
Southern Africa. Insecta I: Ephemeroptera, Odonata and Plecoptera. Report N°TT
207/03 WRC, South Africa, Pretoria.
De Moor 1. J, Day A. J, De Moor C. F., 2003b. Guide to the Freshwater Invertebrates of
Southern Africa. Volume 8: Insecta II: Hemiptera Megaloptera, Neuroptera,
Trichoptera and Lepidoptera. Report N° TT 214/03 WRC, South Africa, Pretoria.
Dejoux C., Elouard M. J., Forge P. & Malsin J., 1981.Iconographic catalog of aquatic
insects of Cote d'Ivoire. Rapport Orstom, Bouaké, Cote d’Ivoire, 172 p.

Diomandé D., Bony K.Y., Edia O.E., Konan F.K. & Gouréne G., 2009. Diversite” des
macroinverte 'bre’s benthiques de la riviere Agnéby (Cote d’Ivoire; Afrique de
1I’Ouest). European Journal Scientific Research, 35:368-377.

Diomandé D., Camara L.A., Edia O.E. & Gouréne G., 2014. Diversity and seasonal pattern
of Chironomidae (Insecta; Diptera) in seven lotic systems of Southeast Cote
d’Ivoire (West Africa). Journalof Biodiversity and Environmental Sciences, 4: 263—
274.

Dunbar M.J., Warren M., Extence C., Baker L., Cadman D., Mould D.J., Hall J. &

Chadd R. 2010. Interaction between macroinvertebrates, dischargeand physical habitat in

upland rivers, AquaticConservation and Marine and Freshwater Ecosystem, 20: 31-44.

23



IJSEAS
International Journal of Scientific Engineering and Applied Science (I/JSEAS) — Volume-3, Issue-11, November 2017

ISSN: 2395-3470

www.ijseas.com

Edia O. E, Gevrey M, Ouattara A, Brosse S, Gouréne G. & Lek S., 2010. Patterning and
predicting aquatic insect richness in four West-African coastal rivers using artificial
neural networks. Knowledge and Management of Aquatic Ecosystem. 398, 6.

Edia O.E., 2013. Spatial and circadian variation of aquatic insect communities in tropical fish
ponds (Natiokobadara, Korhogo, Northern Cote d’Ivoire). International Journal of
Biosciences, 3: 11-21.

Florencio M., Serrano L., Gomez-Rodriguez C., Millan A. & Diaz-Paniagua C., 2009.
Inter- and intraannual variations of macroinvertebrate assemblages are related to the
hydroperiod in Mediterranean temporary ponds. Hydrobiologia, 634: 167—183.

Heck K.L., Vanbelle G. & Simberloff D., 1975. Explicitcalculation of rarefaction diversity
measurement anddetermination of sufficient sample size. Ecology, 56:1459-1461.

Hermann J., Bostrom A. & Bohman 1., 2000. Invertebrate colonization into the man-made
Kalmar Damme wetland dam system. Verhandlungen/Internationale Vereinigung
fur theoretische und angewandte Limnologie, 27: 1653-1656.

Kouamé M. K., Dietoa M.Y., Edia O. E., Da Costa S. K., Ouattara A. & Gourene G.,
2011. Macroinvertebrate communities associated with macrophyte habitats in a
tropical man-made lake (Lake Taabo, Cote d’Ivoire). Knowledge and Management
of Aquatic Ecosystem, 400, 03.

Kouamé M. K., 2014. Diversité, structure et réponse fonctionnelle des macroinvertébrés a
I’invasion du lac de Taabo (Cote d’Ivoire) par la jacinthe d’eau, Eichhornia
crassipes (Mart.) Solms- Laubach, 1883.PhD Thesis, University Nangui Abrogoua,
Coéte d’ivoire.

Leonardo C.& Ferrington J. 2007. Global diversity of non-biting midges (Chironomidae;

Insecta-Diptera) in freshwater. Hydrobiologia, 595: 447- 455.

Maue T. and Springer M., 2008. Effect of methodology andsampling time on the taxa
richness of aquatic macroinvertebratesand subsequent changes in the water quality
indexfrom three tropical rivers, Costa Rica. Revista de Biologia Tropical,56 (Suppl.
4),257-271.

Moretti M. S. & Callisto, M., 2005. Biomonitoring of benthic macroinvertebrates in the
middle Doce River watershed. Acta Limnologica. Brasiliensia, 17: 267-281.

Neumann M. & Dudgeon D., 2002. The impact of agricultural runoff on stream benthos in

Hong Kong, China. Water Reseach, 36: 3103-3109.

24



IJSEAS
International Journal of Scientific Engineering and Applied Science (I/JSEAS) — Volume-3, Issue-11, November 2017

ISSN: 2395-3470

www.ijseas.com

Oertli B., Biggs J., Céréghino R., Grillas P., Joly P. & Lachavanne J.-B., 2005.
Conservation and  monitoring of pond  biodiversity:  introduction.
AquaticConservation and Marine and Freshwater Ecosystem, 15: 535-540.

Ogbeibu A.E., 2001. Composition and diversity of Diptera in temporary pond in southern
Nigeria.Tropical Ecology, 42: 259-268.

Oksanen J., Blanchet F.G., Kindt R., Legendre P., Minchin P.R., O’Hara R.B., Simpson
G.L., Solymos P., Stevens M.H.H. & Wagner H., 2013. vegan: Community
Ecology Package. R package version 2.0-8.

Ouattara A., Podoor N. & Gouréne G., 2001. Etudes préliminaires de la distribution spatio-
temporelle du phytoplancton dans un systéme fluvio-lacustre africain (BasinBia ;
Cote d’Ivoire). Hydroécologie Appliquée, 13: 113-132.

Pielou C.E., 1969. An introduction to mathematicalecology. New York, Wiley.

Quinn J. M. & Hickey C. W., 1990. Characterization and classification of benthic
invertebrate communities in 88 New Zealand rivers in relation to envirnmental
factors. New Zealand Journal of Marine and Freshwater Research, 24 : 387-407.

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/

Ruhi A., Boix D., Sala J., Gascon S. & Quintana X.D., 2009. Spatial and temporal patterns

of pioneer macrofauna in recently created ponds: taxonomic and functional
approaches. Hydrobiologia, 634: 137-151.

Scheffer M, Van Geest GJ, Zimmer K, Jeppesen E, Sonder-gaard M, Butler MG,

Hanson MA, Declerck S. & De Meester L.,2006. Small habitat size and isolation can
promote species richness: second-order effects on biodiversity in shallow lakes and
ponds.Oikos,112: 227-231.

Shannon C. E. & Wiener W., 1949. The mathematical theory of communication. Urbana

Sorensen T.A., 1948. A method of establishing groups of equal amplitude in plant sociology
based on similarity of species content, and its application to analyses of the
vegetation on Danish commons. Kongelige Danske Videnskabernes Selskab
Biologiskeskrifter, 5: 1-34.

Stals R. & De Moor 1.J., 2007. Freshwater Invertebrates of Southern Africa, Volume 10:
Coleoptera, WRC Report, South Africa, Pretoria, 263p.

25



IJSEAS
International Journal of Scientific Engineering and Applied Science (I/JSEAS) — Volume-3, Issue-11, November 2017

ISSN: 2395-3470

www.ijseas.com

Sychra J. & Adamek Z., 2011. The impact of sediment removal on the aquatic
macroinvertebrate assemblage in a fishpond littoral zone (Stépanek fishpond,
Bohemian-Moravian highlands, Czech Republic). Journal of Limnology, 70: 129-
138.

Tachet H., Richoux P., Bournaud M. & Usseglio-Polatera P., 2010. Freshwater
invertebrates: taxonomy, biology, ecology: CNRS Editions, Paris.

Varandas S G. & Cortes R. M. V., 2010. Evaluating macroinvertebrate biological metrics
for ecological assessment of streams in northern Portugal. Environmental
Monitoring and Assessment, 166: 201-221.

Yapo M. L., Atse B. C., Dietoa Y. M. & Kouassi P., 2007. Composition specifique et
abondance des insectes aquatiques des etangs piscicoles de basse cote d’ivoire.
Journal Ivoirien d’Océanologie et de Limnologie, 4:22-30.

Yapo M. L, Atse B. C. & Kouassi P., 2012. Inventaire des insectes aquatiques des étangs de
fermes piscicoles au sud de la Cote d’Ivoire. Journal of Applied Biosciences,
58:4208-4222.

Yapo M. L, Atse B. C. & Kouassi P., 2013. Composition, abundance and diversity of
Aquatic insects in fishponds of southern Ivory Coast, West Africa. Faunistic
Entomology, 66:123-133.

Yapo M. L., Edia O. E., Yte W., Atse B. C. & Kouassi P., 2014. Diversity and distribution
patterns of aquatic insects in fish farm ponds in South Coéte d’Ivoire.Journal of
Biodiversity and Environmental Sciences, 5:335-348.

Yapo M. L., Atse B. C. & Kouassi P., 2015. Diversity and Community Structure of
Benthiclnsects in Fish Farm Ponds in Southern Coéte d’Ivoire, West
Africa.American Journal of Experimental Agriculture,S: 82-93.

Yapo M. L., Edia O. E.,, Sylla S., Atse B. C. &Kouassi P., 2017. Structure du
peuplement en insectes des étangs de pisciculture au Sud de la Cote d’Ivoire (Layo,

Banco, Azaguie, Anyama I, Anyama II). Afrique Science, 13: 45-61.

26



|| HSEAS"
. International Journal of Scientific Engineering and Applied Science (I/JSEAS) — Volume-3, Issue-11, November 2017

ISSN: 2395-3470

www.ijseas.com

¥ K
(al (a) (a) '*:

oA A ==
R kK

T Themese GURRR
O (
E1: PWF
E4: PSFWF
E24: PSFF

Figure 1: Location of the study area
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figure 2 : Box-plots showing differences in environmental variables between three fish ponds

(PWF ; PSFWEF ; PSFF). Different letters on box-plots denote significant
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differences between them (P<0.05; Mann-Whitney test). (PWF= Pond Without
Fishs ; PSFWF= Pond Stocking With fish without artificial Feed ; PSFF= pond

stocking with fishs that receive artificial feed).

PWF PSFWF

Insects Gasteropods [ Achets 3
Figure 3: Repartition of macroinvertebrates class on the three fish ponds (PWF= Pond

without Fish ; PSWF= Pond Stocking with fish without artificial Feed ; PSFF=

pond stocking with fishs that receive artificial feed.
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Figure 4: Taxonomic composition of the three fish ponds (PWF= Pond without Fish ; PSWF=
Pond Stocking with fish without artificial Feed ; PSFF= pond stocking with fishs

that receive artificial feed.
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Figure 5: Abundance of Povilla adusta and Setodes sp. (Polymitarcidae and Leptoceridae) in
three different fish ponds.

31



IJSEAS
International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-3, Issue-11, November 2017

ISSN: 2395-3470

www.ijseas.com

& Nilo.brevibucca
2500 -

2000 -

N -

o A

o o

o o
| |

Abundance

500 -

PWF PSFWF PSFF

Ponds

Figure 6: Abundance of Nilodorum brevibucca (Chironomidae) in three different fish ponds
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Figure 7: Box-plots showing variations in biotic parameters between three fish ponds (PWF ;

PSFWF ; PSFF). No significant variations between clusters (Kruskal-Wallis test,
x2=0.45, P>0.05) (PWF= Pond Without Fishs ; PSFWF= Pond Stocking With fish

without artificial Feed ; PSFF= pond stocking with fishs that receive artificial feed).
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Figure 9. Canonical correspondence analysis carried out with selected environmental
Variables and with the dominant macroinvertebrate taxa. Taxa codes

Ach : Acheta ; Aedes : Aedes sp. ; Aniss: Anisops sardea; Bradi : Bradinopyga sp. ;
Caeno :Caenomedea sp. ; Cent : Centroptilum sp. ; Diplo : Diplonychus sp. ; Exeu :

Exeuthyplocia sp. ; Macrof : Macrocoris flavicollis ; Meltu : Melanoides tuberculata ; Micro :
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Micronecta sp. ; Nilo : Nilodorum brevibucca. ; Para : Parasetodes sp. ; Poad : Povilla

adusta ; Polab : Polypedilum abyssiniae ; Polde : Polypedilum deletum ; Pseu : PSeudagrion sp. ;

Seto :Setodes sp..

Table 1. List of the aquatic macroinvertebrates taxa found in the three fish ponds of Blondey.

***Very frequent (FO > 50%), **frequent (25% < FO > 50%), *rare occurrence (FO <

25%).
Fish ponds
Class Order Family Taxon PWF PSFWF  PSFF
Povilla adusta Fkd ek *
Polymitarcyidae Exeuthyplocia sp. o
Povilla sp. * *
Ephemeroptera Leptophlebiidae Adenophlebiodes sp. *
Caenomedea sp. s
Caenidae
Caenodes sp. *
Insecta Bactidae Centroptilum sp. ko *
Setodes sp. wAd ek *
] Leptoceridae
Trichoptera Parasetodes sp. *
Ecnomidae Ecnomus sp. *
Amphiops sp. *
Hydrophilidae
Enochrus sp. *
Bidessus sp. *
Coleoptera Dytiscidae _
Hydaticus sp. *
Hydraenidae *
Elmidae *
Corixini sp. *
Corixidae _
Micronecta sp. ik
Diplonychus sp. s R
Belostomidae _ —
Macrocoris flavicollis w% *
Heteroptera _
Anisop sardea R
Notonectidae *
Anisop sp. * * *
Naucoridae Naucoris sp. *
Macrodiplax cora *
Odonata
Bradinopyga sp. w*x w% w
Libellulidae Zygonyx torrida *
Zyxomma petiolatum *
* *

Trithemis verneri
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Parazyxoma flavicans * *
Tramea transmarina *
Ceriagrion sp. *
Coenagriidae
Pseudagrion sp. L *
Gomphidac Ictinogomphus sp. * *
Paragomphus sp. o R
Table 1 (Extented).
Fish ponds
Class Order Family Taxon PWF PSFWF PSFF
Nilodorum brevibucca. * wkE o
Cryptochironomus sp. * * *
Diptera Chironomidae Polypedilum deletum -
Stictochironomus sp. * *
Chironomus imicola * * w
Polypedilum abyssiniae sk
Orthocladiinae Cricotopus sp. *
Culicidae Aedes sp. *%
Tanypodinae Ablabesmyia pictipes *
Thiaridae Melanoides tuberculata wh ek i
Gasteropoda Basomatophora Pomatiopsidae Tomichia sp. *
Planorbidae Biomphalaria pffeiferi o
Acheta Tk AR %
3 7 24 45 28 26 24

Table 2. Sorensen similarity index of aquatic macroinvertebrate’s communities recorded in

the different Ponds
Ponds PWF PSFWF  PSFF
PWF 48.15 46.15
PSFWF  48.15 52
PSFF 46.15 52
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