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Abstract

Benthic macroinvertebrates community composition, abundance and distribution was studied in three Lagoons of Cote
d’Ivoire (Aby, Tendo and Ehy). Sampling was conducted monthly between February 2012 through March 2013 on 6 sampling
stations. The macrofauna surveyed consisted of 21.015 macroinvertebrates individuals belonging to 86 taxa (genera and
species), 44 families, 15 orders and 6 classes. The most predominant group was Gasteropoda which make up 64.7% of the
taxonomic richness observed. Insecta were the second most predominant. The diversity of macroinvertebrates varied between
lagoons (29-33 taxa Aby Lagoon), (56-70 taxa Tendo Lagoon) and (58-68 taxa Ehy Lagoon). Multivariate analyses (RDAS)
revealed that benthic macroinvertebrates community composition and abundance variations were mainly controlled by the
environmental parameters of the three lagoons, in particular the salinity and conductivity of the water. Thus, two ecological
zones were noted: an area influenced by marine waters and another area under influence by waters of Tanoé river and Tanoé-

Ehy swamp forest.
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1. Introduction

Coastal lagoons support a range of natural services that are
highly valued by society, including fisheries productivity,
storm protection, tourism, and others (Génen¢ and Wolflin
2005) 91, They contribute to the overall productivity of
coastal waters by supporting a variety of habitats, including
salt marshes, seagrasses, mangroves and also provide
essential habitat for many fish and invertebrates.

The Aby-Tendo-Ehy lagoon plays an important role in the
south-eastern of Cote d'lvoire in fishing and tourism
activities. The watershed is occupied by large plantations
and cities, with several rivers entering the north and west
face of the lagoon, such as Bia and Tanoé rivers. It provides
many ecosystem services to surrounding populations but it
is exposed to many threats such as overexploitation of
aquatic resources, deforestation of the watershed and
riverbanks (Charles-Dominique et al., 1980) . According
to several works (Rodriguez et al. 2007, Bilkovic and
Roggero 2008) 5 71, anthropogenic activities such as land-
use change, freshwater withdrawal from ground and surface
water sources, sedimentation and overfishing can have
profound and sudden impacts on coastal ecosystems. Three
parts of the lagoon complex have different environmental
parameters (Koffi et al., 2014) ?2; Aby lagoon is closer to
sea and saltier than Ehy lagoon, farther from sea (Seu-Anoi
et al., 2011) ¥, these environment variables can affect the
distribution of aquatic macroinvertebrates. For example,
distribution of benthic invertebrates in the Gambia River
estuary is influenced by salinity (Ceesay et al., 2019) (1.
Moreover, coastal lagoons are formed and maintained
through sediment transport processes (Nichols and Boon,
1994) 321, Thus, sediment carried by rivers, waves, wind and

tides accumulates in the lagoon affecting habitats and
benthic fauna diversity. Indeed, rivers flowing into the
lagoon complex are likely to carry a significant amount of
sediment and allochthonous matter from farmland, which
are liable to alter invertebrate habitats.

Aquatic macroinvertebrates serve multiple functions in
aquatic ecosystems. In addition to their role as primary
consumers processing live organic material, they also serve
as detritivores, consuming decomposing organic matter;
predators, consuming macroinvertebrates and other small
organisms; and prey, serving as food for fish, amphibians,
reptiles, aquatic birds, and mammals (Fisher and Gray,
1983; Covich et al., 1999) I 131, Species are differentially
sensitive to many biotic and abiotic factors in their
environment. Consequently, macroinvertebrate community
structure has commonly been used as an indicator of the
condition of an aquatic system (Armitage et al., 1983;
Rosenberg and Resh, 1993) [+ 3],

Several studies have been conducted on the diversity of
macroinvertebrates and their structure in lagoons (Sankaré
and Etien, 1991, Aggrey-Fynn et al. 2016) 7 21, rivers and
estuaries (Diomandé et al., 2009, Simmou et al., 2015,
Ceesay et al., 2019) 14 40. 81 of West Africa. However, data
on the Aby complex are still insufficient, only data available
concern the taxonomic diversity (Kouadio et al., 2008) 24,
Information on the environmental characteristics and
structure of the benthic macroinvertebrates community is
scarce.

The aim of this study is therefore to determine the
assemblage structure and the spatial distribution of
macrobenthic invertebrates in relation to environmental
variables in three parts of lagoon.
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2. Materials and Methods

2.1 Study area

The Aby Lagoon system is located in south east Cote
d’Ivoire (2°51'-3°21'W and 5°01'-5°22' N) (Figure 1). It is
the most extended on the studied Lagoon system and covers
305 km? and stretches for 24.5 km north to south and 56 km
east to west with a maximum width of 155 km and
maximum depth of 17 m (Avit et al., 1996; Kouadio et al.,
2008) 524, The Tendo Lagoon, which is median part of the
studied system, is more stretched with a length of 22 km and
a width varying between 1.5 and 3.5 km, its surface is 74
km2. The Ehy Lagoon is located in the eastern side of the
Lagoon and has a surface area of 45 km? (Chantraine, 1986) [,
Seu-Anoi et al. (2011) B describes the salinity gradients
found in the Lagoon. Sampling zonel (in Aby Lagoon) were
greatly influenced by marine water and corresponded to the
closest zone to the ocean. Zone2 (Tendo Lagoon) sampling
sites were transition position within study area, while zone 3
(Ehy Lagoon) in the most inland part of the system had no
marine water influences, but wunder a considerable
contribution of freshwater from the Tanoe Ehy swamp
Forest and the Tanoé River.

The study area is characterized by four seasons: a long rainy
season (April to July), a short dry season (August to
September), a short rainy season (October to November),

and a long dry season (December to March).

2.2 Sampling

A total of 6 sampling sites were selected by using criteria
such as accessibility, water depth, and in order to reflect the
lagoon’s different sedimentary and watershed habitats
(Figure 1).

Benthic macroinvertebrates samples were collected monthly
from February 2012 through March 2013. Samples were
collected using a 0.05 m? Van Veen grab. At each station,
ten samples were collected for analyses. Each sample was
sieved in situ through a 1 mm mesh. The organisms retained
by the sieve were fixed in formaldehyde 10% solution. At
the Laboratory, macroinvertebrates were sorted, identified
to the lowest possible taxonomic level and counted. The
identification keys of Durand and Levéque (1981) [,
Tachet et al. (2010) “Tand Moisan (2010) 2 were used.
On each sampling date, environmental variables such as
temperature (°C), dissolved oxygen (mg/l); conductivity
(uS/cm) and pH were measured in situ using a Sper
scientific multiparameter. Salinity (%o) and transparency
(cm) were recorded with hydrobios refractometer and
Secchi disc respectively. The depth (cm) was also recorded
at each sampling station,by introducting a graduated rule to
the bottom of the water.
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Fig 1: Sampling sites (®) in the Aby Lagoon system (Aby,Ehy,Tendo). TESF = Tanoe Ehy Swamp Forest

2.3 Data Analysis

The assemblage’s structure was studied through the species
richness (Rs), the Shannon-Weaver diversity index (H) and
the Pielou evenness index (E). Benthic macroinvertebrates
similarities among the stations sampled were investigated
using cluster analysis based on the faunal compositions
(Ward linkage, Euclidian distance) using the abundance
matrix. Data on abundances were square-root transformed to
avoid over-domination of the analysis by the very abundant
taxa and to allow taxa of intermediate and rarer abundances
to contribute to the analysis. Significant differences in
species richness, diversity index and abundances were
performed using a Kruskal-Wallis test followed by Rank
multiple comparison tests. The analyses were carried out
using the STATISTICA 7.1 software computer. In order to
determine the possible factors influencing the benthic
macroinvertebrate assemblages, a Redundancy analysis
(RDA; ter Braak 1986) 2 was performed taking into

account the abundance of the dominant taxa as biotic
variable and the abiotic factors. Taxa with an occurrence
rate smaller than 5% were excluded from analysis (Bachelet
et al. 1996) 61 RDA was performed using CANOCO 4.5
(ter Braak and Smilauer, 2002) 31 whereas STATISTICA
7.1 computer package was used for the other tests. In the
ordination diagram produced by CANOCO, the importance
of environmental factors is indicated by the relative length
of vectors, i.e. the longer of the vector, the greater the
influence on species distribution (ter Braak and
Verdonschot, 1995) 4. The results of this analysis are
presented as ordination diagrams containing continuous
explanatory variables plotted as vectors with points for sites
and taxa. The parametric and non parametric analysis of
variance tests (One way ANOVA and Kruskal-Wallis) were
used to compare physical and chemical parameters values
between stations, The level of statistical significance was
maintained at 95% (P < 0.05).
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3. Results

3.1 Environmental factors

The mean and ranges values of environmental variables are
shown in (Table 1). Water temperature varied from
27.02+1.37 °C (St6) to 30.71%3.64°C (St5). The lowest
dissolved oxygen values were recorded in station St4
(51.73+10.24 mg/l) and the highest values were observed in
station Stl (80.26+£14.01). pH values varied between
6.07+1.08 (St2) and 7.44+0.72 (St5, St6). Salinity was nil at
station (St3, St4, St5 and St6), while the highest value
(1.38+£1.11) was recorded at station St2. Conductivity
ranged between 58.52+11.27uS/cm  (St5)  and
836.33+480.59 pS/cm  (St2). The lowest values of
transparency (38.05+8.29 c¢m) were recorded in station
(St4), whereas the highest were registered at Stl
(77.90+£12.64 cm). As for water's depth, lowest value
(136.94+60.25) was observed in St6 while the highest
values (420.76+82.86 cm) were obtained at station (St3).

3.2 Taxonomic diversity and abundance

Overall benthic macroinvertebrates species composition and
abundance are showed in table 2. A total of 21015
individuals of benthic macroinvertebrates comprising 5
classes (Mollusca, Crustacea, Insecta, Oligochaeta and
Polychaeta); 44 families and 86 species was recorded. The
class of Mollusca ranked first in abundance with 13922
individuals comprising 3 orders, 10 families and 17 taxa
constituting 66.24% of the total benthic macroinvertebrates.
The dominant species observed among the gastropod was
Pachymelia byronensis, which recorded 4489 specimens
and constituted 21.36.% of the benthic macroinvertebrates
population. Other gastropods recorded in large numbers
include Pachymelania aurita (3680 individuals 17.51%) and
Tympanotomus fuscatus (1002 individuals; 4.76%). A total
of 6326 individuals of Insects made up of 8 orders, 27
families and 56 species were encountered in this study.
Insects accounted for 30.10% of the total benthic
macroinvertebrates count. The class of crustacean
contributed to 579 individuals while Oligochaeta
contributed to 52 individuals. Polychaeta had 136
individuals represented.

3.3 Density

Spatial variation in the densities of macroinvertebrates
collected in the three lagoons in each season are showed by
figure 2. The highest densities were observed during the
rainy season at all stations. Additionally the minimum (294
ind/m2) and maximum (1383 ind/m?) densities values were
recorded at the stations St4 (Ehy Lagoon) and Stl (Aby
Lagoon) respectively in dry and rainy seasons (Figure 2 A
and B). The differences between stations are statistically
significant (Kruskal-Wallis test, p < 0.05). Significant
differences were obtained between station Stl and stations
(St2, St3, St5 and St6) on the one hand and, between station
St2 and stations (St3, St4, St5 and St6) on the other hand
(Rank multiple comparison tests, p < 0.05).

3.4 Shannon-Weaver diversity and evenness

Spatial and seasonal values of Shannon-Weaver diversity
index and equitability are mentioned in table Ill. The
Shannon-Weaver diversity index values range from 1.7 in
Aby Lagoon (St1) to 2.17 in Tendo Lagoon (St3). These
extreme values were both obtained in rainy season. The
Shannon-Weaver diversity index does not show any

significant difference between stations in the same Lagoon
(Kruskall-Wallis test, p > 0.05). On the other hand, there is a
significant difference between the stations of Aby Lagoon
and the stations of Ehy and Tendo Lagoons (Rank multiple
comparison tests, p < 0.05. For the seasonal variation, there
is no significant difference between seasons for this index.
Concerning equitability the minimum and maximum values
were also observed in Stl and St6 respectively. At stations
Stl and St2 the higher values were obtained during the dry
period. In stations St3, St4, St5 and St6 the high equitability
values were observed during the rainy season. Equitability
has a significant difference between the seasons only in St2
(Kruskall-Wallis test, p < 0.05).

3.5 Cluster identification

The cluster analysis (Figure 3) showed 2 mains groups.
Cluster | (St6, St5, St4 and St3) is mostly consisted of
samples of Ehy lagoon and Tendo Lagoon. Ehy lagoon
sampling sites had no marine water influences, but were
under a contribution of freshwater from the Tanoe Ehy
Swamp Forest and Tanoe River. Tendo lagoon sampling
sites were near the mouth of Tanoé River. Group Il (Stl and
St2) is consisted of samples from the Aby Lagoon. This part
of lagoon is influenced by seawater.

3.6 Correlation between abiotic factors and main taxa of
benthic macroinvertebrates

According to the ReDundancy Analysis (RDA), the two
axes (1 and 2) explained 74, 1% of the observed variance in
macroinvertebrates community structure. The first axe
represents more 52, 2%. Theses axes were selected for
graphical representation (Figure 5). The direct ordination on
the dry season distinguished two zones, differentiated
mainly by salinity first zones formed by Stl and St2 (Aby
Lagoon) (salinity = 0 %o) was positively correlated to the
axis I of “ the environment” system as opposed to the
second zones formed by St3,St4, St5 and St6 (Tendo and
Ehy lagoons (salinity = 0 ppt). The first zone correlated to
salinity, transparency, dissolved oxygen and conductivity,
was characterized by Pachymelania aurita, Pachymelania
byronensis, Pachymelania fusca and Tympanotomus
fuscatus. Whereas, the second group (St3,St4 and St5) in
Tendo and Ehy Lagoons is correlated to pH and
temperature, and characterized by Planorbis gibbonsi
Chironomus sp. Centroptilum sp. Diplonychus sp. and
Potadoma rahmi.

These two species assemblages could be distinguished
within this group according to the second axis. One group of
station formed by Stl1 was correlated to depth. This group
was characterized by Pachymelania aurita, Pachymelania
byronensis and Planorbis gibbonsi. The other group defined
by St3, St4, St5 and St6 (Tendo and Ehy lagoons) was
correlated to temperature and depth by Chironomus sp.,
Centroptilum sp., Potadoma rahmi, Diplonychus sp.
Pachymelania fusca and Tympanotomus fuscatus.

4. Discussion

Comparison of the variation of the physico-chemical
parameters according to the different Lagoon zones showed
no significant difference between the stations of the same
Lagoon. For parameters such as temperature, dissolved
oxygen, conductivity and transparency as well as salinity,
the higher values were noted during the dry season. The
zero salinity values were recorded in the Ehy Lagoon and

150



International Journal of Entomology Research

Tendo Lagoon. The Ehy Lagoon receives continuous water
supplies from the Tanoé River and theTanoe Ehy Swamp
Forest which are significantly under-saturated in dissolved
oxygen and high in suspended solids (Konan, 2014) %I,
These processes of mixing different water masses result in a
reduction of dissolved oxygen, salinity and transparency.
Similar results were obtained in Ivorian lagoons by Seu-anoi
(2012) B8 The lack of salinity in the Tendo and Ehy
lagoons is due to the fact that they are very far from the
sanitation pass that connects the Aby with the sea while they
are continuously supplied with continental water.

In contrast, in the marine-influenced Aby Lagoon, the
salinity values are higher. In fact, the entry of marine waters
into the Aby Lagoon leads to an increase in salinity and
conductivity. The mean salinity in the Aby Lagoon is
relatively low (0-2.88 %o) compared to the Grand-Lahou
Lagoon Complex (0-31 %o) (Etilé et al., 2009) [6l. This
difference could be related to the limitation of trade between
the Aby and the sea (Wango, 2009) ¢! due to the narrowing
of the Assinie pass over time (Kambiré et al., 2014) 2,
However, a complete closure of the Assinie Canal would
transform the Aby Lagoon into a freshwater lake.

The study also identified 86 benthic macroinvertebrates
taxa in the three lagoons. The fauna is composed of
Mollusca, Crustaceans, Polychaetes, Oligochaetes and
Insects. The composition of the benthic macroinvertebrates
assemblages of the three lagoons (Aby, Tendo and Ehy),
changes significantly with the seasons. Severals studies on
the distribution of macroinvertebrates taxa of Kouadio et al.
(2008) 41 in the Aby Lagoon in Cote d'lvoire, Gnohossou
(2006) 8 in Lake Nokoué in Benin, reported the same
trends.

Our study on macroinvertebrates identified two ecological
zones. An area under marine influence constituted by the
Aby Lagoon and an area under continental influence
characterized by zero salinity (Tendo and Ehy Lagoons).
Indeed, Coimbra et al. (1996) 4 showed that populations of
benthic macroinvertebrates in lagoons, particularly exposed
to large interannual variations of environmental
characteristics, and mainly hydrological conditions, are
subject to seasonal fluctuations. The area under continental
influence, consisting of the Tendo and Ehy Lagoons, is
characterized by higher taxonomic richness. This situation is
linked to the massive presence of insects in these two parts.
The Insects largely dominate the macroinvertebres
harvested in the Tendo and Ehy lagoons, under influence of
fresh water.

According to the survey of Kouadio et al. (2008) 4 in the
Aby Lagoon, insects were generally recorded at the mouth
of rivers such as Tanoe and Bia. In addition, most of the
insects harvested in these Lagoons are chironomids
(Diptera). According to Menif and Ben Hassine (2003) [,
these organisms are generally found in fresh water.

Taxa richness in these Lagoons is higher than those
mentioned by Allouko et al. (2016) B! in sector | of Ebrié
Lagoon (Aghien Lagoon) (Cote d’Ivoire), Kouadio et al.
(2008) 4 in Aby Lagoon (Céte d’Ivoire) (62 taxa) but is
lower than the taxa collected by Adandedjan et al. (2013) ™
in the Porto novo lagoon (Benin) (150 taxa). The high

number of species in the three lagoons may be explained by
high variability of environmental and trophic and combined
low influence of freshwater and marine water (Monney et
al., 2015) B4 and by the difference between the scope
settings, the sampling period, and environments nature. In
fact, this study showed that the stations near of Tanoe Ehy
Swamp Forest and Tanoe and Bia rivers (St5 and St6) were
characterized by high diversity of macroinvertebrates
community. That could be explained by the intrusion of
freshwater species to Lagoon (Zabi and Le Loeuff, 1993)
1 The taxonomic  composition of  benthic
macroinvertebrates taxa inventoried in the three lagoons
during this study was characterized by highest richness of
insecta with 56 taxa, followed by Mollusca (17 taxa), the
Crustacean (7 taxa), Oligochaeta and Polychaeta represented
the lowest richness, (3 taxa). These various listed
macroinvertebrates groups are similar with those reported
by previous studies in other Lagoon ecosystems of Cote
d’Ivoire (Kouadio et al., 2011) ! Nigeria (Uwadiae, 2014)
461 and Benin (Odountan and Abou, 2016) 4, Dominance
of insect was also reported in Ebrié Lagoons (sector 1:
Aghien Lagoon) (Cote d’Ivoire) by Allouko et al. (2016) [
(70 taxa) in Lake Nokoue (Benin) by Odountan and Abou
(2016) 31 (45 taxa). On the other hand, some other studies
report qualitative dominance of Mollusca in Aby Lagoon
(Cote d’Ivoire) (64% of total taxonomic richness) (Kouadio
et al., 2008) [?, in Ebrié¢ Lagoon (Cote d’Ivoire) (61% of
total taxonomic richness) (Kouadio et al., 2011) 71 in the
Lagos lagoon (Nigeria) (up to 99%) (Nkwoji et al., 2010,
Uwadiae et al., 2012) B 471 and Epe Lagoon (Nigeria)
(Uwadiae, 2009) %1, in Saquarema Jaconé lagoonal system
(Brazil) (Mendes and Soares-Gomes, 2011) 281, Our study
shows that insecta class with 56 taxa belonging to 7 orders,
20 families, was the most diversified. Chironomidae family
presented the highest richness (10 taxa), followed by
Baetidae (7 taxa), Discidae (5 taxa) and others families (1-3
taxa). Gastropoda class devided to three orders (Bivalvia,
Mesogastropoda and Basommatophora), 10 families and 17
taxa.Thiaridae and Lymnaeidae represented the families the
most richness (respectively 5 and 3 taxa).

This difference in macroinvertebrate qualitative composition
and structure may be linked to environment factors as
salinity level, with high macroinvertebrates richness
occurring at low salinities, and low diversity occurring at
high salinities (Gordon, 2000, Lamptey and Armah, 2008)
120, 261 According to Little (2000) 21 reported by Mendes
and Soares-Gomes (2011) %, salinity influence composition
and number of species is well known as it imposes severe
conditions to organisms, rendering difficulties in
maintaining osmoregulation. In this study, salinity
fluctuation might be explainetaxonomic richness difference
between St1-St2 (33-29 taxa), Aby Lagoon and St3-St4 (70-
76 taxa), Tendo Lagoon and St5-St6(68-58 taxa), Ehy
Lagoon. The samples sites St3, St4, St5, and St6 were
characterized by low salinities (0 %o) while the other sites
were marked by relative higher salinities (0-3 %o.). Lowest
salinities observed in Tendo and Ehy lagoons are favourable
to insect taxa development (56-70 taxa), versus (29-33 taxa)
in Aby Lagoon.
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Table 1: Environmental variables (mean and standard deviation) measured at different sites in Aby Lagoon in South East Cote d’Ivoire from
March 2012 through February 2013 : letters on the same line show the difference between seasons at the same station as regards to
parameter indicated
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Fig 2: Spatial and seasonal variation of benthic macroinvertebrates densities in Aby,Tendo and Ehy Lagoons
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Table 2: List and abundance of macroinvertebrates organisms collected in the sampling stations between March 2012 and

February 2013
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Table 3: Spatio-temporal variation of Number of taxa, Shannon-Weaver diversity and evenness indexes among stations (mean + (SD)) & °:
letters on the same line show the difference between seasons at the same station as regards to parameter indicated
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5. Conclusion

The present study is a contribution to the knowledge of
diversity and structure of of benthic macroinvertebrate in
Aby-Tendo-Ehy system. Physico-chemical analyses showed
a difference between the three Lagoons sampled. The
salinity of the water appeared to be higher in the Aby
Lagoon, especially in the dry season than in the Tendo and
Ehy Lagoons, which remain strongly influenced by
continental freshwater supplies Tanoé River and Tanoé- Ehy
swamp forest. The 86 macroinvertebrate taxa sampled are
divided into large zoological groups such as Crustacea,
Molluscas, Polychaeta, Oligochaeta, and Insecta. Two zones
emerge in these three Lagoons: an area under marine
influence that is characterized by relatively high salinity
values (Aby Lagoon) and an area under the influence of
rivers with low, sometimes zero, salinity values (Tendo and
Ehy Lagoons).

6. Acknowledgments

This work is part of the research project entitled “Evaluation
of refuge and nursery roles of the Tanoe-Ehy swamp forest
for fishes of adjacent lagoon and marine ecosystems” and
was funded by the Program d’Appui Stratégique a la
Recherche Scientifique, Coéte d’Ivoire (PASRES) and
Centre Suisse de Recherches Scientifiques en Cote d'lvoire
(CSRS) through its RASAPCI program (Recherche et
Action pour la Sauvegarde des Primates en Céte d’Ivoire,
CSRS, Cote d’Ivoire). Authors are grateful to Dr Bamba
Mamadou, Dr Monney Attoube Ida, Dr Koffi Kouakou
Barthelemy and Dr Djirieoulou Kémomadjehi Claver for
their support during field sampling.

7. References

1. Adandedjan D, Montcho AS, Chikou A, Laleye P,
Gouréne G. Use of the self-organizing map (SOM) for
the characterization of macrobenthic populations. C. R.
Biol. 2013; 336:244-248.

2. Aggrey-Fynn J, Galyuon I, Aheto DW, Okyere I.
Assessment of the environmental conditions and
benthic macroinvertebrate communities in two coastal
lagoons in Ghana. Annals Biol. Res. 2016; 2(5) 413-
424,

3. Allouko JR, Bony KY, Edia OE and Konan KF.
Composition, Distribution and Abundance of
Macroinvertebrates in Aghien Lagoon (lvory Coast;
West Africa). Int. J. Innov. Res. Sci. Eng. Technol.
2016; 5: 10104-10111.

4. Armitage PD, Moss D, Wright JF, Furse MT. The
performance of a new biological water quality score
system based on macroinvertebrates over a wide range
of unpolluted running-water sites. Water  Res.
1983; 17(3): 333-347.

5. Avit JBLF, Sankaré Y, Hem S, Daré JPH. Fishing
technique and selectivity of gillnets in and acadja-
enclos in Tendo lagoon (Ivory Coast). Agron. Afr.
1996; 7:69-85.

6. Bachelet G, De Mountaudouin X, Dauvin JC. The
quantitative distribution of subtidal macrozoobenthic
assemblages in Arcachon bay in relation to
environmental factors: a multivariate analysis.
Estuar. Coast. Shelf Sci. 1996; 42:371-391.

7. Bilkovic DM, Roggero MM. Effects of coastal
development on  nearshore  estuarine  nekton
communities. Mar. Ecol. Prog. Ser. 2008; 358: 27-39.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ceesay A, Konan YA, Njie E, Koné T. Diversity and
spatial variation of benthic macroinvertebrates in the
River Gambia estuary, West Africa. Int.J. Fish. Aquat.
Stud. 2019; 7(1):83-88.

Chantraine A, Nusgens B, Lapiere CM. Bone
remodeling during the development of osteoporosis in
paraplegia. Calcif. Tissue. Int. 1986; 38(6): 323-327.
Chantraine JM. La lagune Aby (Cote d’Ivoire):
morphologie, hydrobiologie, paramétres physico-
chimiques. Doc. Sci. Cent. Rech. Océanogr. Abidjan.
1980;12(2):30-77.

Charles-Dominique E, Ecoutin JM, San Gnanmilin A.
La péche artisanale en lagune Aby-Tendo-Ehy (Cobte
d'Ivoire): Premiéres estimations de la production. Arch.
Sci. Centr. Rech. Oceéanogr. Abidjan. 1980; 6(4):1- 26.
Coimbra CN, Graga MAS, Cortes RM. The effects of a
basic effluent on macroinvertebrate community
structure in a temporary Mediterranean river. Environ.
Pollut.1996; 94:301-307.

Covich AP, Palmer MA, Crowl TA. The role of benthic
invertebrate  species in  freshwater ecosystems:
zoobenthic species influence energy flows and nutrient
cycling. BioSci. 1999; 49(2):119-127.

Diomandé D, Bony KY, Edia OE, Konan KF, Gouréne
G. Diversité des Macroinvertébrés benthiques de la
riviere Agnéby (Cote d’Ivoire; Afrique de
I’ouest). Eur. J. Sci. Res. 2009; 35(3):368-377.

Durand JR, Lévéque C. Flore et faune aquatiques de
I'Afrique Sahélo-soudanienne: (tome 2). ORSTOM,
Paris, France, 1981, 483.

Etilé NR, Kouassi AM, Aka MN, Pagano M, N’douba
V, Kouassi NJ. Spatiotemporal variations of the
zooplankton abundance and composition in West
African

tropical coastal lagoon (Grand-Lahou, Céte d’Ivoire).
Hydrobiologia. 2009; 624:171-189.

Fisher SG, Gray LJ. Secondary production and organic
matter processing by collector macroinvetebrates in a
desert stream. Ecology. 1983; 64(5):1217-1224.
Gnohossou PM. La faune benthique d’une lagune ouest
africaine (le Lac Nokoué au Benin), Diversité,
abondance, variations temporelles et spatiales, place
dans la chaine trophique. Thése d’Université, Institut
National Polytechnique de Toulouse, 2006, 169.
Goneng IE, Wolflin JP. Coastal lagoons: ecosystem
processes and modeling for sustainable use and
development. CRC Press. 2005, Boca Raton, Florida,
USA.

Gordon C. Hypersaline lagoons as conservation
habitats: macro-invertebrates at Muni Lagoon, Ghana.
Biodivers. Conserve. 2000; 9 (4): 465-478.

Kambiré O, Adingra AA, Eblin SG, Aka N, Kakou AC,
Koffi-Nervry R. Caractérisation des eaux d’une lagune

estuarienne de la Cote d’Ivoire: La lagune
Aby. Larhyss J. 2014; 20: 95-110.
Koffi KB, Bert¢é S, Koné T. Length-weight

relationships of 30 fish species in Aby lagoon,
southeastern Cote d’Ivoire. Curr. Res. J. Biol. Sci.
2014; 6(4):173-178.

Konan YA. Diversit¢t de I’ichtyofaune et
caractéristiques  bioécologiques de  Thysochromis
ansorgii (Boulenger, 1901) et Steindachner, 1894 dans
la forét des marais Tanoé-Ehy (Cote d’ivoire). Thése de

155



International Journal of Entomology Research

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Doctorat, Université Félix Houphouét Boigny, Cobte
d’Ivoire. 2014, 172.

Kouadio KN, Diomandé D, Quattara A, Koné YJIM,
Gourene G. Taxonomic diversity and structure of
benthic macroinvertebrates in Aby lagoon (lvory Coast,
West Africa). Pak. J. Biol. Sci.2008; 11(18):2224-
2230.

Kouadio KN, Diomandé D, Ouattara A, Koné YJM,
Gourene G. Distribution of benthic macroinvertebrates
communities in relation to environmental factors in the
Ebrié lagoon (Ivory Coast, West Africa). Life and
Environment. 2011; 61:59-69.

Lamptey E, Armah KA. Factors Affecting
Macrobenthic Fauna in a Tropical Hypersaline Coastal
Lagoon in Ghana, West Africa. Estuar. Coast. 2008;
31:1006-10109.

Little C. The Biology of Soft Shores and Estuaries.
New York, Oxford University, 2000, 252.

Mendes CLT, Soares-Gomes A. Macrobenthic
community structure in a Brazilian chocked lagoon
system under environmental stress. Zoologia. 2011; 28
(3):365-378.

Menif D, Ben Hassine OK. The lagoon of Kelibia:
characteristics of environment and biodiversity. Rev. F.
S. B. 2003; 2:50-57.

Moisan J. Guide d’identification des principaux
macroinvertébrés benthiques d’eau douce du Québec:
Surveillance volontaire des cours d’eau peu profonds.
Direction du suivi de I’état de I’environnement,
ministére du Développement  durable, de
I’Environnement et des Parcs, Québec, Canada, 2010,
82.

Monney IA, Etile RND, Ouattara IN, Koné T. Seasonal
distribution of zooplankton in the Aby-Tendo-Ehy
lagoons system (Cote d’lvoire, West Africa). Int. J.
Biol. Chem.Sci. 2015; 9(5):2362-2376.

Nichols MM, Boon JD. Chapter 7. Sediment transport
processes in coastal lagoons. In Kjerfve B
(Eds). Coastal lagoon processes. Elsevier, Amsterdam,
The Netherlands, 1994, 157-219.

Nkwoji JA, Igbo JK, Adeleye AO, Obienu JA, Tony-
Obiagwu MJ. Implications of bioindicators in
ecological health: study of a coastal lagoon, Lagos,
Nigeria. Agric. Biol. J. N. Am. 2010; 1(4):683-689.
Odountan H, Abou Y, Structure and Composition of
Macroinvertebrates during Flood Period of the Nokoue
Lake, Benin. Open. J. Ecol. 2016; 6:62-73.

Rodriguez W, August PV, Wang Y, Paul JF, Gold A,
Rubinstein N. Empirical relationships between land
use/cover and estuarine condition in the northeastern
United States. Landscape Ecol. 2007; 22(3): 403-417.
Rosenberg DM, Resh VH. Introduction to Freshwater
Biomonitoring and Benthic Macroinvertebrates. In:
Rosenberg DM, Resh VH (Eds). Freshwater
Biomonitoring and Benthic  Macroinvertebrates,
Chapman/Hall, New York, 1993, 1-9.

Sankaré Y, Etien N. Analyse des effets de I'ouverture
du chenal de Grand Bassam (estuaire du fleuve Comoég,
Lagune Ebrié) sur la macrofaune benthique lagunaire. J.
Ivoir. Oceanol. Limnol. 1991; 1(2):81-90.

Seu-Anoi NM. Structuration spatiale et saisonniére des
peuplements phytoplanctoniques et variabilité des
facteurs abiotiques dans trois complexes lagunaires de
Cote d’Ivoire (Aby, Ebrié et Grand-Lahou). Thése de

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Doctorat, Université Nangui Abrogoua, Abidjan, Cote
d’Ivoire. 2012, 135.

Seu-Anoi NM, Ouattara A, Koné YJ, Gouréne G.
Seasonal distribution of phytoplankton in the Aby
lagoon system, lvory Coast, West Africa. Afr. J. Aquat.
Sci. 2011; 36(3):321-330.

Simmou YJ, Bamba M, Konan YA, Kouassi KP, Koné
T. Impact des Activités Anthropogéniques sur la
Distribution des Macro-invertébrés Benthiques et la
Qualité¢ des Eaux de Quatre Petits Cours D’eaux de
Cote D’ivoire Eur. J. Sci. Res. 2015;136(2):122-137.
Tachet H, Richoux P, Bournaud M, Usseglio-Polatera
P. Invertébrés d’eau douce. Systématique, biologie,
écologie. CNRS éditions, Paris. 2010, 628.

Ter Braak CJ. Canonical correspondence analysis: a
new eigenvector technique for multivariate direct
gradient analysis. Ecology. 1986; 67(5):1167-1179.

Ter Braak CJF, Smilauer P. CANOCO reference
manual and Canodraw for Windows user’s guide:
software for canonical community ordination (version
4.5), Microcomputer Power, New York, 2002.

Ter Braak CJ, Verdonschot PF. Canonical
correspondence analysis and related multivariate
methods in aquatic ecology. Aquat. Sci.
1995; 57(3):255-289.

Uwadiae RE. Response of Benthic Macroinvertebrate
Community to Salinity Gradient in a Sandwiched
Coastal Lagoon: Rep.Opinion. 2009; 1(4):45-55.
Uwadiae RE. Environmental Characteristics and
Community Structure of Benthic Macroinvertebrate of
Epe Lagoon, Nigeria. Int.J.Environ.Sci. 2014, 3:36-44.
Uwadiae RE, Oni O, Egue OE, Idowu T, Ezekwe FE,
Afor A et al. Patternsand determinants of benthic
macroinvertebrate functional assemblages: function-
environment interrelationship in a lagoon ecosystem.
World J. Biol. Res. 2012; 5 (2):67-73.

48 Wango TD. Modélisation de I’hydrodynamisme, de
la dispersion du sel et de I’eau
douce dans les complexes lagunaires de Cote d’Ivoire
(Grand-Lahou, Ebrié et Aby). Thése de Doctorat,
Université de Cocody, Cote d’Ivoire. 2009, 187.

Zabi GSF and Le Loeuff P. Review of knowledge on
the benthic fauna of marginal and littorals environment
of West Africa. 22nd part; Settlements and biotopes.
Rev. Hydrobiol.Trop.1993; 26(1):19-51..

156



