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Abstract

The present study was aimed to study the diversity of aquatic macroinvertebrate populations in relation to
the abiotic parameters of the S6 River. For this purpose, aquatic macroinvertebrates were sampled
monthly between February 2016 and April 2017 on 12 sampling stations and in various habitats along the
S6 River. Similarly, twenty environmental variables were measured to assess the environmental
characteristics of SO river.

The recorded fauna consists of 2053 individuals corresponding to 44 families and 61 taxa belonging to
three main zoological groups (Arthropods, Molluscs, Annelids). The stand population showed that
Coleoptera (17.06%), Basomatophora (14.19%), Heteroptera (11.37%), Odonata (10.26%),
Mesogasteropoda (9.01%) and Decapoda (9%) are the most abundant orders. Another oders constitute
only a small fraction of the total fauna harvested. The redundancy analysis performed shows that abiotic
parameters that strongly influence taxonomic diversity and taxon abundance are: current velocity,
nitrogen and phosphorus compounds, mineralization parameters and canopy.
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1. Introduction

Benin has a dense hydrographic network with five large basins draining several streams and
lakes (1. One of the most important is the SO River. More than half of the river's watershed is
occupied by plantations, vegetable gardens and wild garbage deposits. There are also many
different swine and cattle parks on its course, and daily serves as fraudulent traffic of
hydrocarbons from Nigeria. This strong anthropisation of the So river basin can lead to
significant disturbances in its functioning . Indeed, according to B3], the ecological quality of
a hydrosystem is closely linked to the tenure of its watershed.

Thus, faced with these many factors that risk imbalance of the biological integrity of
organisms, it is necessary to make an inventory of the health of this river.

For the sustainable management of aquatic disturbances, integrity monitoring systems are
developed using aquatic organisms ™. In these biomonitoring systems, aquatic
macroinvertebrates are a biological group used as bioindicators [,

Aquatic macroinvertebrates are an important link in the aquatic food chain ['>14, They are the
most important source of food for several species of amphibians, birds and fish ['>'7! and
therefore play a key role in aquatic ecosystems. The structure of their stand changes when their
environment is disturbed, which allows a better characterization of the spatio-temporal
distribution of pollution ['*1], These organisms, which are widely distributed in the different
strata of water, are characterized by their differential polluo-sensitivity; characteristic used in
bioindication of aquatic ecosystems 2%, The use of these organisms in monitoring the integrity
of rivers in Benin is very limited by a lack of knowledge. The only available data are those of
[21-26] None of his studies have focused on the So river despite the various activities developed
on its watershed.

The present study aimed to overcome this deficiency by providing an initial database on the S6
river macrofauna. The objective was to evaluate the diversity of this fauna and to identify the

abiotic parameters that structure these stands.
oy~
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2. Materials and Methods

2.1 Study area and sampling stations

The S6 River is between 6°24' and 6°32' North Latitude and
2°27" and 2°30' East Longitude. It is situated in the
municipality of S6-Ava, municipality to which it owes its
name. With a length of 84.4 km, the river S0 takes its source
in the lake Hlan and is connected to the Oueme River by
backwaters. This river is one of the old arms of the Oueme
River, which has since detached itself, and which pours its
waters northwest of Lake Nokoue to the level of the lake city
of Ganvié 71, Throughout the basin of this river, the local
inhabitants practice important agricultural activities (potatoes,
cassava, maize and vegetable crops) requiring the use of
fertilizers and the raising of pigs and oxen left in ramming
along the banks. Similarly, for their fishing activities, many
branches are used to make the acadjas that abound the river
and finally the fraudulent traffic of the hydrocarbons which is
observed daily is as many anthropic activities that develop in

this environment.

2.2 Choice of stations

In order to investigate the variability of environmental
parameters, the river was subdivided according to the
longitudinal stratification proposed by 28 and 1. As well,
upstream to downstream of the river, twelve sampling stations
were selected. The stations have been chosen according to the
accessibility of the station, the presence or absence of urban
agglomerations, the existence of agricultural activities or a
pollution gradient, the diversity of the biotope and the
presence or absence of vegetation. These characteristics make
it possible to refine the spatial portrait of the quality of the
water along the river. Table 1 presents the geographical
coordinates of the selected stations by sector. The
geographical location of the river basin and study stations is
given in the Fig 1.

Table 1: Sampling sites of the S6 River

Sites Names Geographic coordinates Different sectors
ST1 Véky N07°16°98.4°, E002°35°82.2”’

ST2 Sindomey N07°15’84.3*’, E002°32°50.0°° Lower course
ST3 Dogodo N07°18°40.2°, E002°33°56.3”’

ST4 Ahomey-Gblon | N07°22°65.2"’ ; E002°34°02.2”°

STS5 | Ahomey-Ounmey | N07°25°40.3”’ ; E002°33°79.1”’

ST6 Ahomey-Lokpo | N07°27°28.3”" ; E002°33°17.7”’ Average course
ST7 Zoungomey N07°29°86.2” ; E002°33°78.3”

ST8 Kinto Oudjra NO07°33°84.3*" ; E002°35°81.2”’

ST9 Togbota N07°39°40.6’ ; E002°34°81.3”’

ST10 Tota N07°40°98.2°" ; E002°38°99.8”° U

ST11 Rhlampa NO7°48°45.4”" ; E002°37°47.9” pper course
ST12 Djigbé-Ovo N07°52°96.2”" ; E002°35°99.8”’

U
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Fig 1: Map of the S0 river basin showing the sampling stations
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2.3. Collection data
The abiotic and biotic data were taken monthly for 15 months
(February 2016 to April 2017).

2.3.1 Measurement of abiotic parameters

Measurements and water sampling took place between 06:30
and 10:45. During each campaign and at each of the stations
described above, transparency and depth were measured using
a Secchi disk; a multi parameter, Model SX736
pH/mV/Conductivity/DO Meter, having two probes allowed
to measure pH, temperature dissolved oxygen, salinity, TDS
and electrical conductivity. After these measurements, water
samples were taken from double-capped polyethylene bottles
containing 1000mL, stored in a cooler at 4 °C and then
returned to the laboratory. In the laboratory, chemical
parameters such as calcium, magnesium, total nitrogen,
nitrite, nitrate, ammonium, orthophosphate, total phosphorus
and chlorophyll a were measured by ion chromatography
using a DIONEX ICS-1000 ion chromatograph at Nesler,
Diazotation, Cd reduction, Nessler and ascorbic acid
according to B,

The surface velocity (Vs) of the water was measured
according to the method of 2. It consists in timing the time
taken by a float to travel a distance of 1 m measured at the
decameter. This exercise was repeated three times. The speed
is then equal to the distance traveled (1m) relative to the
average time (in seconds). The velocity of the current Vc is
drawn according to the relation: Ve = 0.80*Vs Bl it is
expressed in (cm/s).

The canopy closure rate and coverage by aquatic plants were
estimated and expressed as a percentage.

2.3.2 Collection,
organisms
Sampling was carried out on each of the twelve study stations
defined. Three different materials were used for the collection
of organisms following the recommendations of 2. This is
the Ekman type bucket (surface area = 0.025 m?) for sampling
at the bottom of the So river, a cloudy type net with a handle,
for sampling in hard-to-reach areas And the net is dragged
slightly along the bottom along a transect through as many
habitats as possible) and finally a sieve to harvest the
organisms if they are attached to the roots of the macrophytes.
The sorting and determination of the harvested biological
material was carried out using a binocular microscope by
removing all organisms and separating them into large
systemic groups in tubes containing 70% ethanol.

The identification of the organisms was made through key

identification and enumeration of

findings of B8],
The minimum taxonomic level reached in our study is the
family. Indeed, this taxonomic level allows global

discrimination of sites in bioindication studies [ 40411,

2.4 Statistical and Index analysis of Data

2.4.1 Ecological index

The analysis of community structure is based on taxonomic
richness, the Shannon-Weaver diversity index and the Piélou
evenness index [“?l. Generally, these indices are calculated by
considering the species as a taxonomic level. Moisan and
Pelletier [ estimate that the structuring of macroinvertebrate
communities in rivers, including metric variables and
Shannon diversity indices and evenness, can be defined at the
taxonomic level of the family. This taxonomic level has
allowed several authors of 344 to show that polluted areas
have weak indices compared to unpolluted areas. With

reference to the approach of these authors, we have opted for
the family as a taxonomic level for the computation of
diversity indices.

For example, the Shannon diversity index was used to
estimate the taxonomic diversity of the stands studied. It is
weak when the individuals encountered all belong to a single
species or when all species are represented by a single
individual: H 'is more sensitive to rare species 3. The higher
the index, the more stable the stand, ie it is not subject to the
action of abiotic factors or a pollution factor 1, This index is
expressed in individual bits-1 and is calculated according to
the relationship (471, It is obtained by the formula:

H’

_Z[mlogz mJ
ZINTTTN

H’ is the diversity index of Shannon and Weaver;
Nor is the strength of the species i in a sample;
N is the total number of individuals of the sample.

As to the Index of evenness (E), it has helped to compare the
measured diversity with the maximum theoretical diversity
8] This index was developed to account for the relative
abundance of each taxon, the regularity of distribution of taxa
or equitable distribution ™, and the quality of stand
organization. It varies from O (when a species dominates the
whole stand and is a polluted environment) to 1 (when the
species are equi-frequent and their abundance is identical and
it is a healthy environment) 0. It is obtained by the formula:

E=H"logx(S)

H' is the Shannon index and S the specific richness

2.4.2 Statistical analyses

The ANOVA test with two variations factors (sectors-
seasons) was used to show the variability of environmental
parameters from one sector to another, and from one season to
another. For organisms, the Chi-two test was applied to the
different densities in order to show their spatial and seasons
variability.

These univariate analyzes were carried out using software R
version 2.15.3 with the FactoMineR package.

In order to analyze the correlation between environmental
factors and the distribution of macroinvertebrates along the S6
River, two matrices have been developed. The first presents
the abundance of taxa in the monthly samples and the second,
the explanatory variables (environmental variables) of all the
sampling stations. The relationship between densities of
macroinvertebrates and the explanatory variables was
examined by submitting the matrices to a redundancy analysis
(RDA) using the CANOCO version 4.0 software !l. RDA is
a proprietary ordination developed specifically to link multi-
varied ecological data and plot diagrams that show both
similarity based on macroinvertebrate densities between
sampling stations and the contribution of explanatory
variables & 1% 2 All densities taken into account in the
Redundancy  Analysis (RDA) were logarithmically
transformed. The relevance of the analysis was first verified
by a Monte-Carlo permutation test 3! on 499 random
permutations 54,
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3. Results

3.1 Environmental Characteristics of the S6 River

The median values and standard deviation of the 20
environmental variables measured in the SO0 River are
presented in Table 2. The measured variables have median
values consistent with aquatic life, with the exception of
nitrogen and phosphorus compounds.

The ANOVA test with two variation factors (sector-season)
carried out showed that the variables vary more seasonally

than spatially. Among the 20 parameters studied, 12 of them
(depth,  transparency,  salinity,  dissolved  oxygen,
orthophosphate, total phosphorus, conductivity, TDS, salinity,
dissolved oxygen, calcium and magnesium levels, current
velocity) Significantly from one sector of the river to another.
However, at the seasonal level, all parameters show highly
significant variations (p<0.001) with the exception of the
proportion of plant debris with non-significant variation (p>
0.05).

Table 2: Spatial and seasonal variations in the median and extreme values of the 20 environmental parameters measured during the study period
on the S6 River. (HC = higher course, AC = average course, LC = lower course, LRS = large rainy season, SDS = small dry season, SRS = small
rainy season, LDS = large dry season

Sectors Seasons Significance
Variables LC AC HC LDS SRS SDS Secteurs |Saisons
Trans (m) 0.75+0.44 0.85+0.44 2.3149.25 0.83 +0.40 1.28 +0.41 0.54 £0.14 3.29 +£13.20 * HoHk
Depth (m) 3.74£1.66 3.59+0.68 3.35+1.48 3.67 £1.45 3.18 £1.19 3.56 £1.42 3.84 £1.16 * *
Température 28.60+1.64 27.98+1.71 27.90+1.37 28.17 £0.71 28.31 +£2.63 28.41 +£1.74 27.67 £0.85 NS *
pH 7.32+0.55 7.10+£0.61 7.07+0.53 7.46 £0.44 6.95 +£0.61 6.61 £0.44 7.29 £0.36 NS HoHk
CE (uS/cm) | 2929.10+4403.19 | 1530.80+2257.12 | 611.93+653.89 | 3139.83+4121.89 | 993.834822.56 | 143.98+47.62 | 659.35+£1458.28 * HoAk
TDS (mg/l) | 1487.11+2618.68 | 217.70+£273.27 | 129.49+318.30 | 1214.38+2304.95 | 41.72+13.14 | 65.45£19.32 | 504.62£1171.70 * HoHk
Sal (mg/) 1.61£1.42 0.35+0.44 0.40+0.63 0.67 £1.02 1.17 £1.20 0.94 £1.22 0.34 +0.78 HAE *
DO (mg/l) 6.40+£2.67 7.42+£2.71 7.5442.53 6.14 £1.40 9.73 £2.91 6.77 £2.85 5.99 £1.91 * HoAk
NO> (mg/l) 0.14+0.13 0.15+0.19 0.13+0.18 0.09 +£0.10 0.07 £0.04 0.41 +£0.24 0.12 £0.08 NS okl
NOs™ (mg/l) 2.2243.08 1.934+2.48 2.1943.59 0.55 +0.50 0.58 +0.49 4.3544.39 6.05 £2.59 NS okl
NH;" (mg/l) 1.37+1.58 1.00+1.10 0.74+0.72 1.09 £1.27 1.27 £1.65 0.86 +0.74 0.74 £0.21 NS *
AzoT (mg/l) 4.3942.48 4.34+2.90 4.95+3.52 3.65+1.27 3.15+3.63 6.83 £3.12 6.67 £2.54 NS okl
OrthoP(mg/1) 0.63+£1.50 0.24+0.22 0.19+0.08 0.58 +1.35 0.19 +0.06 0.22 +0.08 0.16 £0.17 * HoAk
PhosT (mg/l) 1.64+1.86 1.16+1.69 1.201.67 1.09 +0.85 2.41 +£2.85 0.56 £1.11 1.09 +0.94 * Hk
Ca*" (mg/1) 50.08+66.59 21.03+£16.33 18.57+17.63 33.46 £27.47 48.19 £72.49 8.02+3.13 15.42 +£17.55 *ok oAk
Mg* (mg/l) 69.64+121.83 20.51£31.14 18.43+28.82 36.67 £80.30 71.46 £104.85 | 5.16 +2.00 13.16 £27.17 * Ak
Chl a (mg/]) 0.003+0.001 0.033+0.001 0.017+0.002 0.009+0.001 0.013+0.001 | 0.005+0.001 0.008+0.001 NS *
Vitesse (m/s) 0.4 0.1 0.51+0.1 0.62+0.13 0.71+0.01 0.93+0.13 1.56+0.16 1.71+0.01 *ok **
DV(%) 1342.11 15£1.66 17+2.24 2446.10 71£8.12 56+9.13 67+£8.01 NS NS
Canopy (%) 10£1.09 2542.12 80+11.41 24+4.11 84+£17.11 46+13.27 44+16.91 * *

Values represent mean +standard deviation. (Kruskal-Wallis tests, NS no significant p>0.05, * p<0.05, ** p<0.01, *** p<0.001)

3.2 Composition of aquatic macroinvertebrates

In this study, 2053 individuals were harvested, including
Arthropods (81.77%), Molluscs (16%) and Annelids (8%).
These individuals are divided into 6 classes, 13 orders, 44
families and 58 genera 5 (Table 2). The insect class

predominates with 76.04% of the total abundance, followed
by the Gasteropoda (11.44%), the Crustacea (5.73%),
followed by the Oligochaetes, the bivalves and the Hirudinata
with less than 5% each (Fig. 2).

Gastropoda Bivalve

11.44% 1
Crustaccans
5.73%

Oligigochacta
3.69%

Mirudinea
1.49%

Tnsects
T6.04%

Fig 2: Relative frequency of different classes of aquatic macroinvertebrates harvested in the SO River during the study period

Eulunellibmchs ___
Mesogastrop
2.01%
Rasomatophara
14.19%

Heleroplera_ "
11370

Lapletiida_ Rhyochobdella _pppemeroptera

3R1%
Plecoptera
1.93%

- Trichoplera
2810
\(.‘.Ulcuplcra

17.06%

—— Odaonata
10.26%

Diplera

2.11%

Fig 3: Relative abundance of different orders of aquatic macroinvertebrates in the S6 River during the study period

Among the 13 orders of macroinvertebrates sampled, the
Coleoptera dominated with 17.06% of total abundance,
followed by Basomatophores (14.19%), Heteroptera
(11.37%), Odonata (10.26%), Mesogateropods (9.01%),

Decapoda (9%). Haplotaxida, Rhynchobdella,
Ephemeroptera, Trichoptera and Pecoptera represent less than
5% each of the total abundance of harvested wildlife (Fig. 3).
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Table 2: Taxonomic list of aquatic macroinvertebrates harvested in
the S6 River during the study period

3.3 Variations in the density of organisms
In all three areas of the S6 River, the densities obtained
fluctuate between 29 and 1582 ind/ m? with maximum values

Phylum Orders Families Taxa
Annelids obtained during the large rainy season and in the small dry
Oligochaeta| Haplotaxida Lumbricidae Eiseniella season (Fig. 4). In the upper reaches of the river, densities are
Tubificidae Tubifex relatively high at stations ST11 and ST12 with high seasonal
Haplotaxidae Haplotaxis variability (Fig. 4C). At the other stations, the values are
Hirudinea | Rhynchobdella | Glossiphonidae Glossiphonia lower than those above and vary very little regardless of the
Helobdella station. In the middle course of the river, seasonal variation is
Arthropoda significant where large values are recorded (Fig. 4B). Finally,
Insecta | Ephemeroptera Baetidae i in the lower reaches, densities are more or less low and vary
Baetis very little regardless of the season (Fig. 4A).
Procleon The density does not show any significant seasonal variation
: Centroptilum in the three sectors of the S0 River (Kruskall-Wallis test, p>
Cacnidac C Caenis r 0.05). On the other hand, the spatial variation shows
- aenomecea significant differences in the different sectors (Kruskall-
Ephemerellidae Ephemerella . .
Ephemeridac Ephemera Walhs test, p<0.05). In the upper reaches of the river,
Leptophlebiidac Leptophlebi dlfferencgs between ST11 ST12 on the one hand and‘ST9 and
Tricorythidae Dicercomyzon ST10 stations on the other are marked (test for multlple rank
Plecoptera Capnidae Capnia comparisons, p<0.05). In the mean course, the differences are
Trichoptera Hydropsychidae | Polymorphanisus marked between the stations ST6 on the one hand and the
Polycentropodidae Dipseudopsis stations ST7, ST8 and ST9 on the other hand (test of multiple
Diptera Chironomidae Chironomus comparisons of the ranks, p<0.05). In the lower reaches of the
Cryptochironomus river, differences between stations ST1 and ST2 on the one
Simulidae Simulium hand and stations ST3 and ST4 on the other (test for multiple
Ceratopogonidae Bezzia rank comparisons, p<0.05) are marked. There was no
Syrphidae Indeterminate 1 significant difference between the intersectoral variations of
Odonata Gomphidae Ictinogomphus the river (ANOVA 1, p> 0.05).
Gomphus
Lestinogomphus
Paragomphus 800 -
Phyllogomphus 700
Libellulidae Libellula 4 GO0
Corduliidae Phyllomacromia 3 500 YIRS
Coleoptera Dytiscidae Hygrotus £ 100 MRS
Laccophilus Z 300 m%m
Elmidac Elmis & 200 #5DS
Potamodytes 100 4
Chrysomelidae Indeterminate 2 0 A
Gyrinidae Gyrinus
Hydrophilidae Helochares
Hydrobidae Hydrobia
Noteridae Noterus wmﬂﬁ
Heterotera Nepidae Laccotrephes S00
Nepa T 700 aLks
Veliidae Microvelia g 600 ~SRS
Velia z
Z 400 =LDs
Naucoridae Naucoris E 300 - 505
Corixidae Corixa 200
Pleidae Plea 100
Notonectidae Notonecta ¢ B
Gerridae Gerris
Hydrometridae Indeterminate 3
Crustaceans Decapoda Portunidae Callinectes amnicola 1600 -
Potamidae Potamon 100 4
Peneacidae Penaeus o 1200 -
Molluscs E 1000 =LRS
Gastropoda | Basomatophora Planorbidae Planorbis < g0 | NSRS
Physidae Physa % 500 #LDS
Lymneridae Lymnaea = oo sDs
Mesogastropoda Bythinidae Gabbiella 200 -
Thiaridae Melanoides 0 = .
Potadoma s1e 5110 5111 5112 C
Potadoma . . o . o
Bivalve | Eulamellibranchs Mutelidac Mutela Fig 4: Spatlo-temporal variations in density in the three sectors of
Mutela the So6 River (A: Sampling stations of LC; B= Sampling stations of
Sphacridac Sphaerium AC; C= Sampling stations of UC; LC= lower course, AC= average
Totl 2 ) ) course, UC= upper course, LRS= large rainy season, SRS = small

rainy season, LDS= large dry season, SDS= small dry season)
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3.4 Relative abundance of orders

The relative abundances of the different orders by zoological
group are presented in Table 3. Ephemeroptera, Trichoptera
and Pleoptera are abundant in the upper reaches and weakly
represented or absent in the middle and lower reaches of the
river. The other insects (Diptera, Heteroptera, Coleoptera,
Odonata) show no great variations from one sector to another.
On the other hand, they are more abundant in the river during

the great rainy season. Decapod crustaceans are more
abundant during the dry season in the inner course and poorly
represented in the other sectors. The high abundances of
Haplotaxida and Rhynchobdella were observed in the course
during the great rainy season especially in the lower course.
As for the three orders of Mollusc (Mesogastropoda,
Basomatophora, Eulamellibranchs), they are more abundant
in the inner and upper courses of the river.

Table 3: Relative abundance of different orders of aquatic macroinvertebrates; UC = upper course, AC = average course, LC = lower course;
LRS= large rainy season, SRS = small rainy season, LDS = large dry season, SDS = small dry season

Sectors Seasons Significance
Orders LC% | AC% | UC% | LRS% | SDS% | SRS% | LDS% | Sectors | Seasons
Haplotaxida 3.17 2.07 2.11 3.26 0.19 1.18 0.08 * l
Rhynchobdella 6.04 7.11 1.19 2.02 0.24 0.19 0.03 * **
Ephemeroptera 0.19 1.32 8.19 3.18 2.97 2.81 2.44 HoAk NS
Plecoptera 0 0 2.79 0.11 1.39 0.17 0.66 Hkk NS
Trichoptera 0 0.19 2.54 2.13 2.17 1.71 1.67 * NS
Diptera 4.42 1.71 2.67 8.11 7.07 6.41 6.19 roxx *
Odonata 3.19 2.73 4.22 9.91 4.19 5.77 5.71 ** *
Coleoptera 4.11 6.44 8.19 16.97 9.02 11.47 8.33 ** NS
Heteroptera 3.06 4.96 2.73 11.04 8.16 9.37 6.22 kK NS
Decapoda 7.17 1.31 0 3.27 6.19 5.81 8.21 NS HoHE
Basomatophora 4.62 1.88 7.26 13.49 12.36 10.28 9.19 * NS
Mesogastropoda | 2.72 4.46 3.09 6.71 5.27 6.01 8.11 * NS
Eulamellibranchs | 1.09 2.37 2.29 4.39 2.46 222 1.71 NS NS

3.5 Specific diversity and evenness

The variations in the Shannon diversity index (H') and the
Piélou evenness (E) are illustrated in Figure 5. On the whole,
there is a good distribution of numbers between taxa (E >
0.65) except during the major dry season where an evenness
value of less than 0.50 was recorded at stations ST2 and ST3

(Fig. 5C). The greatest diversity was obtained at stations ST9,
ST10, ST11 and ST12 whatever the season, with overall
values larger during the major rainy season (Fig. SA).

The seasonal variation of these indices did not differ
significantly (Kruskall-Wallis test, p> 0.05).
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Fig 5: Spatial and temporal variations of the Shannon index and Piélou evenness in the S6 River; A = large rainy season, B = small rainy season,
C = large dry season, D = small dry season.
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At the spatial level, the variation is significant for the
Shannon index (Kruskall-Wallis test, p<0.05), with the
difference between station ST12 on the one hand and stations
ST2, ST3 and ST4 on the other (Test of multiple comparisons
of ranks, p<0.05).

3.6 Influence of environmental variables on the
distribution of macroinvertebrates

The RDA results show that the correlation between
environmental factors and macroinvertebrate densities is
mainly explained by the first two axes (Fig. 6). The
representativeness of all axes, given by the Monte Carlo test,
is significant (P-value = 0.0484, F-ratio = 7.002). The axes 1
and 2 are very significant (pl-value = 0.003 and p2 = 0.007)
and express 51.07% and 38.61% respectively of the
information, ie a total of 83.61% for both axes. Figure 6
shows a distribution of the 13 orders of macroinvertebrates
harvested according to the study stations. On axis 1, there is a
positive  correlation  of  Haplotaxides, Odonates,
Basomatophores, Eulamellibranches and Mesogasteropods, as
opposed to Ephemeroptera, Trichoptera, Decapoda and
Rhynchobdella which are negatively correlated to this axis.
Axis 2 is positively correlated with the Plecoptera and
negatively with the Coleoptera, Diptera and Heteroptera.

+
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Fig 6: Redundancy Analysis (RDA) showing the relationships
between environmental variables, biological variables and S6 River
study stations

From this analysis, the velocity of the current, dissolved
oxygen and transparency influence the variation in density of
the Ephemeroptera, Trichoptera and Pleoptera. Total
phosphorus, pH and Chl a, are responsible for the density of
Diptera, Coleoptera and Heteroptera. There is also a
correlation between Mollusc densities (Mesogastropoda and
Eulamellibranchs). Decapod crustaceans are influenced by
depth, canopy and plant debris.

4. Discussion

This resulted in a list of 61 taxa of aquatic macroinvertebrates
throughout the S6 River. The listed fauna is mainly composed
of Insects, Molluscs, Annelids and Crustaceans. These results
corroborate those of Ben Moussa ! which indicates that
Oligochaeta, Crustaceans, Molluscs and Insects constitute
most of the benthic fauna of the lotic environment.

Moreover, the taxonomic list is similar to that established in
other lotic environments as indicated by the work of Ben
Moussa [ in the Khoumane River in Morocco. On the other

hand, our results diverge from those of Egnima Bamou [ on
the Nga river in Cameroon, which harvested only 1453
individuals in 2 branch lines, 3 classes, 10 orders and 59
families. This lower taxonomic diversity results, on the one
hand, from the type of sampling protocol, namely the
monohabitat approach of Tiller and Metzeling %, which does
not take into account the diversity of microhabitats and, on
the other hand, Which would have occurred at the time of
identification. Similarly, the taxonomic richness of the So
River is far superior to that obtained by ¥ in the Agnéby
River in Cote d'Ivoire under humid equatorial climate in four
seasons, where only 28 families of macroinvertebrates were
counted. This difference can be explained by the diversity of
the different habitats surveyed and the gear used.

The taxonomic richness observed shows the predominance
and the great diversity of the insects, which reflects the
anthropic character of this watershed and the very good
quality of the waters of the S6 River. According to 41 33 101,
the majority of aquatic insects are highly sensitive to pollution
and/or habitat modification and are therefore the first to
disappear in a disturbed environment. In addition, the order of
the Ephemeroptera, which is one of the taxa most sensitive to
pollution B2 presents a great wealth in family, which
confirms the words of these authors. Work carried out in the
United States by 7 indicates that the specific richness of the
Ephemeroptera decreases drastically with the urbanization of
the basins.

In general, populations of the macroinvertebrates of the S6
River are mainly dominated by Arthropods with a
predominance of Coleoptera, Heteroptera, Odonata and
Decapoda, which account for more than 80% of total
abundance. These results are characteristic of watercourses in
areas with little or not anthropized, and fit well with the
results obtained by P9 on the Nga in Cameroon, which also
have a stand dominated by Arthropods (99.25%), with a
preponderance Decapoda, Odonata and Coleoptera (70.61%).
On the spatial scale, the increase of upstream to dowstream of
the abundance of benthic macrofauna can be explained by the
increasing gradient of nutrient input into the environment 57,
and on the other hand, by the increasing diversification of
upstream microhabitats ) all this added to the drift of
benthic populations %611 The stations of the upper reaches of
the SO River have a fairly balanced structure with annual
abundances varying between 441 individuals and 1586
individuals. The middle course has a less balanced structure
than the previous one with a lower abundance (about 349
individuals); only a few macroinvertebrates (mainly
Odonata), can be adapted to this biotope proliferate.

As for the stations of the lower reaches, sites most affected by
the organic pollution, they also have an unbalanced structure
with proliferation of Oligochaeta, Chironomidae and
Simulidae which support the organic pollution. This
imbalance is also justified by the total absence of the
Plecoptera. This group, known for its strong sensitivity, is
non-existent; this suggests, in view of our samples, either the
existence of a pollution of organic origin which is a limiting
factor of life for this group; or the ecological requirements of
this group (temperature, dissolved oxygen, edge vegetation
and substrate nature). Also, the high levels of calcium and
magnesium (hardness) in the waters of the S6 River can also
explain the absence of Plecoptera, which according to [6?!
support poorly the very calcareous waters.

On the temporal level, the decrease in abundance and the
number of families observed would be due to hydrological
changes resulting from the transition between the great dry
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seasons to the short rainy season, because after Frontier [%
transition periods seasonal are usually positively correlated
with a decrease in biodiversity. The slight increases observed
during the large rainy season would result from the rise in
rainfall, resulting in the emergence of new habitats and the
addition of nutrients (bedding) to the environment by runoff.
According to 1), the rainy months are broadly in favor of a
greater diversity of benthic macroinvertebrate taxa. The new
declines recorded in October are due to floods because,
according to '], the floods create conditions of instability of
the funds and cause the drift of the stands. In addition, floods
correspond to a period of reduced activity for these
organisms, with species taking refuge in low-flow areas.
Moreover, the analysis of the diversity indices indicates that
the entire environment, the average values of the Shannon
index are relatively low. However, values of the Pié¢lou
evenness index (average E> 0.60) show that the stands are
well distributed on all the stations of the river. By comparing
the three sectors of the river, the highest values of the
Shannon (3.81) and evenness (0.86) index were obtained in
the upper reaches. This sector is therefore relatively more
diversified and shows a very stable stand. The stand
distribution of aquatic macroinvertebrates in the upper
reaches of the S0 River is more regular than that of the other
two sectors (middle and lower reaches). This situation could
be the consequence of a relative spatial heterogeneity of the
environmental conditions of the river. Indeed, in this river, on
all the environmental parameters measured, several variables
vary very significantly from one sector to another. Another
explanation is that the upper course of the river is subject to
less anthropogenic pressure, unlike the other two sectors,
especially the lower reaches, the latter being the most polluted
part of the river [64],

Finally, the redundancy analysis explains the factors
responsible for the distribution of organisms in the
environment. The densities of the Ephemeroptera, Pleoptera
and Trichoptera now a peak in the great rainy season with
increasing oxygen, transparency and current velocity. The
increase in its indicator variables for good quality water B,
justify the abundance of these polluo-sensitive groups. It’s the
same for the abundance of Molluscs, which appear
extensively in the downstream course of the river with high
values of calcium and magnesium concentrations,
conductivity and TDS. The high calcium and magnesium
hardness values would justify the abundance of the Molluscs
in this watercourse, especially in the highly mineralized lower
course, because these organisms require calcium for the
development of their shell. The complex calcium and
magnesium-TDS-conductivity-temperature would be at the
origin of the proliferation of molluscs. These results are
similar those of %% 10171, The gastropod fauna was dominated
by P. acuta which presents the highest relative abundance
(76.95%) at the study period. Not surprising, this alien
invasive pulmonate is tolerant of polluted waters where it may
occur in large numbers, up to 3,000/m? [ . Pulmonates are
better adapted to harsher conditions due to the fact that they
are able to assimilate atmospheric air via a vascularized
mantle cavity.

5. Conclusion

The present study conducted that aquatic macroinvertebrates
of the S6 River are rich and diversified with 3 branches, 6
classes, 13 orders, 44 families and 62 genera. It is mainly
represented by Arthropods (81.77%) and largely dominated
by Hexapods with 7 orders 31 families and more than 43

genera. Generally, faunal wealth is lower downstream (the
stations are subjected to enormous anthropogenic pressures)
compared to the upstream end of the SO river basin, which
shows a disturbed stand on the downstream part. The highest
densities were observed mainly in the great rainy season and
the small dry season in the upper reaches of the river. The
taxonomic diversity of the aquatic macroinvertebrates of the
S6 River depends directly on the velocity of the current, the
nitrogen and phosphorus compounds, the mineralization
parameters, the canopy and the density of the vegetation
cover.
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