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ABSTRACT

The present study deals with the use of the little-known macro invertebrate Diptera in assessing the state of biotic integrity
of Daloa's urban water bodies. Thus, aquatic macro invertebrates were sampled at a seasonal rate on 24 identified stations.
The inventory showed 13128 macro invertebrate individuals of 208 taxa divided into 7 classes, 21 orders and 84 families.
The Diptera are represented by 1987 individuals of 53 taxa from 16 families. Analysis of the Shannon index values shows
that Rice Pond 1 and Gbhedji Lake are the least diversified and balanced stations. The relative percentage of Diptera was
recorded with values below 75% thus reflecting two categories of stations: stations with moderate pollution and

undisturbed stations.
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INTRODUCTION

In general, water resources seem increasingly threatened by
a qualitative deterioration (Gire, 2001). Long neglected by
managers, wetlands are of growing interest in relation to
the conservation of aquatic biodiversity (Oertli et al.,
2005). Indeed, aquatic ecosystems host an exceptional
diversity of flora and fauna (Davies et al., 2008).These
aquatic environments are particularly threatened by
increasing urbanization and agriculture (Oertli et al.,
2005).The ecological degradation of aquatic ecosystems in
urban areas is observed by various ecological and physical
indicators : loss of biodiversity, shoreline erosion, high
nutrient concentration, changes in hydrological regimes,
microbiological ~ contamination  (Paul &  Meyer,
2001).Therefore, their monitoring must be done through the
evaluation of reliable and adequate indicators such as
biological indicators (Diomandé et al., 2009). Because of
their sedentariness, their great diversity and their variable
tolerance to pollution and degradation of these
environments, macro invertebrates are good tools for
assessing the quality of water and aquatic systems (Moisan
& Pelletier, 2011).The presence or absence of a species and

the specific diversity are therefore indicative of good or
bad water quality. The main orders of aquatic insects
belonging to this category of organisms are as follows,
Ephemeroptera,  Plecoptera,  Trichoptera, Diptera,
Coleoptera, Megaloptera, Hemiptera, Odonata and
Lepidoptera (Gagnon & Pedneau, 2006).Some of these
cosmopolitan organisms like the Diptera are able to survive
in environments subject to significant pollution and are
recognized as tolerant to a wide range of disturbances
especially organic and sedimentary pollution types.
However, in Céte d'lvoire, the Diptera are little known and
the only work done in the rivers was limited to those of
(Dejoux, 1981) on the systematic and ecological aspect of
Diptera (Chironomidae) while (Diomandé et al., 2009) and
(Edia et al., 2010) conducted studies on watercourses to
make a faunistic inventory of aquatic insects. Also,
(Nathalie Mary, 1999) made an analysis of the pollution of
New Caledonia's rivers to the analysis of the relative
abundance of Diptera Chironomidae. However, little
information exists on Diptera and their importance in the
knowledge of the ecological status of aquatic ecosystems in
Ivorian urban areas. The general objective of this study is
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to determine the state of biotic integrity of urban aquatic
ecosystems of Daloa (Central-West of Cbte d'lvoire) from
Diptera. To achieve this, we will (i) make an inventory of
the Diptera settlement and (ii) assess the pollution status of
each station.

MATERIAL AND METHODS

Field of study

This study was carried out in the city of Daloa in west-
central Céte d'lvoire between the parallels 6 © 30'00 " and 7
©00'00 " north latitude and between the meridian 6 ° 00'00 '
and 6 ° 30'00 " west longitude (Figure 1). In 2014, the city
of Daloa had 275,277 inhabitants and 42 neighborhoods
with an area of 5,305 hectares, corresponding to a density
of 52 inhabitants / km2 (INS-RGPH, 2014).The region of
Daloa is characterized by an Attiean-type climate with a
transitional regime between the equatorial climate and the
tropical climate. The temperature oscillates between 18°C
and 36 ° C. The climate is hot and humid with a rainfall of
between 1000 and 1500 mm / year. There are two seasons
during the year in this region: the rainy season, from April
to October and the dry season from November to February.
The town of Daloa is located in the mesophilic forest sector
of the Guinean forest whose predominant climax is the
semi-deciduous moist dense forest (N'guessan et al., 2014).

Sampling procedure

A total of 72 sampling points spread over 24 stations
composed of four channels (CN), four fish ponds (EP), four
rice ponds (ER), four ponds (MA), four lakes (LA) and four
brooks (RU) were selected based on their accessibility and
the human activities to which they were subject. Benthic
macro invertebrates were collected from 24 stations in two
campagnes. The sampling was performed using the kicknet
(250 .mum mesh size) according to method SASS (South
African Scoring System) (Dickens & Graham, 2002).The
samples were harvested by submerging the troubled net and
dragging it in the water column over a distance of 2 meters
corresponding to 1 m2 (2x0.5m) of sample area for 2
minutes. The sediment organisms were harvested using a
Van Veen stainless steel grab. At each site, three (03)
sediment samples corresponding to a total area of 0.15 m?
were collected. All samples were stored in pill containers
and fixed with 70% alcohol and then returned to the
laboratory. In the laboratory, the samples obtained were
sieved, and the harvested individuals, sorted under a
binocular magnifying glass, counted and identified at the
lowest possible taxonomic level by combining the
appropriate determination keys (Brown, 1994; Dejoux,
1981; Forcellini et al., 2015; Mary, 2017).

Data analysis

The taxonomic richness of the different stations and the
abundance of macro invertebrate taxa have been calculated
(F, 2003).The diversity of urban ecosystems was
determined by the Shannon H index: H '= -X ((Ni/ N) x In
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(Ni / N)); with Ni: number of individuals of a given species
and N: total number of individuals. In addition, the degree
of organization of the media was highlighted by the
Pioucha equitability J = H '/ Hmax = H' / Log2 S; with S:
number of species observed. The assessment of the
ecological quality of urban ecosystems was made using the
Diptera index. The Diptera index (% D) of a station is the
ratio of the number of Diptera individuals present to the
total number of individuals sampled at a given station
(Nathalie Mary, 1999). According to (Winner et al., 1980),
the relative percentage value will determine three (3)
categories of sites : D > 75%: highly polluted sites; 20%
<D <75%: polluted sites; D < 20%: moderately polluted
sites. The data obtained were processed using Xlstat 2016
and PAST Version 3.14 software.

RESULTS AND DISCUSSION

A total of 1987 individuals belonging to 16 families, 34
genera and 53 taxa (Table 1) were counted in all stations
studied. Among the Diptera, families of Chironomidae and
Culicidae are best represented with 25 taxa and 8 taxa
respectively. Then come Ceratopogonidae (4 taxa),
Muscidae (2 taxa), Psychodidae (2 taxa), Simuliidae (2
taxa), Anthomyiidae, Cecidomyidae, Tenidae,
Dolichopodidae, Empididae, Liboniidae, Phoridae,
Stratiomyidae, Tabanidae and Tipulidae with one taxon
each. Chironomidae with 82.79% Diptera (1645
individuals) are the first most abundant family.
Ceratopogonidae are in second place with 7.5% of Diptera
(149 individuals). Culicidae have a relative abundance of
3.52% (70 individuals) while Simulidae record 3.02% (60
individuals) of Diptera. The other families are both very
sparse and very infrequent (Tabanidae: 13 individuals,
Stratiomyidae and Psychodidae: 11 individuals each,
Muscidae: 8 individuals, Limoniidae: 7 individuals,
Tipulidae: 3 individuals, Anthomyiidae, Cecidomyidae,
Dixidae and Dolichopodidae: 2 individuals each and
Empididae, Phoridae: 1 indiviu) (Figure 2).

The spatial variations of Shannon index (H") and
equitability (J) are shown in (Figure 3). The value of H'
varies from 3.15 bits (CN1) to 2.71 bit (CN2) in the
channels, from 3.36 bit (EP4) to 2.40 bit (EP2) in fish
ponds, from 3.31 bit (ER3) to 1.26 bit (ERL) in rice ponds,
3.49 bit (MA1) at 1.75 bit (MA3) in ponds, from 2.79 bit
(LA2) to 1.41 bit (LAL) in lakes and from 3.55 bit (RU2) to
2.75 bit (RU1) in the streams. As for the value of J, it
evolves from 0.68 (CN4) to 0.80 (CN3) in canals, from
0.64 (EP2) to 0.86 (EP4) in fish ponds, from 0.35 (ER1) to
0, 76 (ER3) in rice ponds, from 0.46 (MA3) to 0.91 (MA4)
in ponds, from 0.36 (LA4) to 0.67 (LA2) in lakes, and from
0.69 (RU1) to 0.43 (RU3) in streams. There were no
significant differences between the diversity indices
calculated for the stations studied (Kruskal-Wallis test p >
0.05). The calculation of the Diptera indices shows that the
fish pond (EP1) has the highest Diptera index (52.67%)
while the lowest (0.46%) is recorded at the rice pond
(ER1).
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Table 1. Taxonomic composition in Diptera.
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Ordres Familles Genre Especes Acronymes Total
Anthomyiidae Delia Deliaechinata Del 2
Cecidomyidae Pseudasphondylia Pseudasphondyliasp. Pse 2

Bezzia Bezziasp. Bez 46
. Dashyelea Dasyheleasp. Das 1
Ceratopogonidae Leptoconops Leptoconops sp. Lep 1
Smittia Smittiasp. Smi 101
. Ablabesmyiaappendiculata Aba 8
Ablabesmyia Ablabesmyiadusoleili Abd 6
Chironomus Chironomus formosipennis Chf 292
Chironomus sp. Chs 98
Clinotanypus Clinotanypusclaripennis Clc 19
Corynoneura Corynoneurasp. Cor 5
Cricotopus Cricotopuskisantuensis Crk 21
Cricotopussp. Crs 48
Cryptochironomus Cryptochironomussp. Cry 14
Nilodorumbrevibucca Nil 40
Nilodorum Nilodorumbrevipalpis Nib 205
Nilodorumfractilobus Nif 211
Chironomidae Nilodorumrugosun Nir 28
Polypedilumabyssiniae Poa 57
Polypedilumfuscipenne Pof 143
. Polypedilumgriseoguttatum Pog 5
Polypedilum Polypedilumlaterale Pol 9
Polypedilumlongicrus Plo 17
Polypedilum sp. Pos 237
Procladius Procladiussp. Pro 13
Dipteres Stictochironomuscaffrarius Stc 16
Stictochironomus Stictochironomuspuripennis Stp 41
Stictochironomussp. Sts 1
Tanypus Tanypusfuscus Taf 70
Tanypuslacustris Tal 41
Aedes Aedessp. Aed 38
Anopheles Anophelescouste_mi Anc 13
Anophelesgambiae Ang 3
.. Culex pipiens Cup 3
Culicidae Culex Culex quinquefasciatus Cuqg 4
Culex sp. Cus 2
Culiseta Culisetalongiareolata Cul 6
Mansonia Mansoniasp. Man 1
Dixidae Dixa Dixasp. Dix 2
Dolichopodidae Condylostylus Condylostylus sp. Con 2
Empididae Empis Empissp. Emp 1
Limoniidae Metalimnobia Metalimnobiasp. Met 7
Muscidae Musca Muscaautomn_alis Mua 1
Muscadomestica Mud 7
Phoridae Megaselia Megaseliascarlaris Meg 1
. . Clogmiaalbipunctata Clo 5
Psychodidae Clogmia Clogmia sp. Cls 6
Simuliidae Paracnephia Paracnephiasp. Par 12
Simulium Simuliumdamnosum Sim 48
Stratiomyidae Odontomyia Odontomyiasp. Odo 11
Tabanidae Tabanus Tabanussp. Tab 13
Tipulidae Conosia Conosiaivrorata Coi 3
Total 16 34 53 1987
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Figure 2. Abundance of Diptera in the studied stations; Cul: Culicidae; Psy: Psychodidae; Sim: Simulidae; Str:
Stratiomyidae; Tab: Tabanidae; Cer: Ceratopogonidae; Chi: Chironomidae; Lim: Limoniidae; Mus: Muscidae.
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Figure 3. Spatial Variations in the Shannon Diversity Index (H) of Macro-Invertebrate Communities in Aquatic
Ecosystems (CN = Channels, EP = Fish Ponds, ER = Rice Ponds, MA = Mares, LA = Lakes and RU = Stream)
from Daloa City. KW: Kruskal-Wallis.
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Figure 4. Spatial variation of the Diptera index.
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The stations (EP1, EP4, MAl, MA2, MA3, MA4, LA2,
RU3 and RU4) have Diptera indices ranging between
20.63% and 52.67%, reflecting pollution of the media. On
the other hand, the stations (CN1, CN2, CN3, CN4, ER1,
ER2, ER3, ER4, LA1, LA3, LA4, RU1 and RU2) have
lower Diptera percent values between 0.46% and 18, 61%
describing moderately polluted stations (Figure 4). The
analysis of the communities of the studied environments
made it possible to note an important taxonomic diversity
with 1987 individuals of Diptera distributed in 53 taxa and
16 families. The most diverse family is that of
Chironomidae with 25 taxa. This result is similar to that of
(Kabré, 111é, & Guenda, 2000) carried out in the Bagré dam
lake in the center of the country (Burkina Faso) where a
dominance of Chironomidae at the wetland benthos is
recorded. Moreover, this dominance is linked to the fact
that this family includes a large number of sub-families,
tribes, genera and species living in very diverse habitats
and with great ecological plasticity (Mathuriau, 2000).In
addition, the diversity of Diptera is thought to be
attributable to situations at sampling sites that are often
close to areas with farms and vegetables, which would
increase the nutrients available for the growth of Diptera
larvae (Rosa et al., 2011).Thus, the spatial variation in the
abundance of these Diptera harvested in the stations could
be attributed to the influence of human activities on these
environments. The analysis of community diversity from
Shannon's diversity indices (H) and Pielou's Equitability (J)
shows that the Diptera communities of rice ponds are the
most relatively diversified and balanced (H '= 1.71 and, J =
0.96), while those of fish ponds with little diversity and
poor equilibrium (H = 0.06, J = 0.09) (Dajoz, 2000). This
result is associated with the impact of domestic effluents on
the structures of the different communities (Mamert et al.,
2000). Finally, the Diptera index calculated for the different
stations showed that the fish ponds (EP1, EP4), the ponds
(MAL, MA2, MA3, and MA4), the lake (LA2) and the
streams (RU3, RU4) are polluted. In organic matter, in
contrast, canals, rice ponds, lakes (LAl, LA3, and LA4)
and streams (RU1, RU2) have low Diptera percent values
and describe sites with medium organic matter. This
pollution could be lack of special maintenance after all the
anthropogenic pressures along the banks of the respective
shores. Namely waste produced by animals that regularly
come to drink from it, washing and car washes, livestock
effluents and agricultural residues (watering of contiguous
nurseries). These environments would have favored
explosive developments of Diptera populations.

CONCLUSION

This study addressed issues related to the biotic integrity of
Daloa's urban aquatic ecosystems from Diptera. The
Diptera stands in these media are quite diverse with 53
Diptera taxa belonging to 16 families collected from the 24
sampling stations. The Diptera indices show that some
aquatic environments of Daloa (EP1, EP4, MALl, MAZ2,
MA3, MA4, LA2, RU3 and RU4) are polluted by the
effluents resulting from anthropic activities exerted near
these environments. However, other sites (CN1, CN2, CN3,
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CN4, ER1, ER2, ER3, ER4, LA1, LA3, LA4, RU1 and
RU2) are less disturbed by pollution.
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