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Abstract 

Nowadays, new tools for assessing the biotic integrity of aquatic environments are used. In Benin, the Macroinvertebrate 

MultiMetric Lake Index (M3LI) was designed to reveal the current state of Lake Nokoué. The inventory was carried out in eight 

seasonal data collection campaigns from 2019 to 2021 using an Eckman type grab and a trouble net. The composition, diversity 

and different metrics were calculated. Thirty-nine metrics grouped into five categories were defined and subjected to selection 

using a PCA in order to identify the relevant metrics for calculating the index. In the lake, 83 taxa divided into 25 orders and 54 

families representing 32,770 specimens were determined. Insects, Molluscs, Crustaceans and Annelids constituted the essential 

macrofauna which was numerically dominated by Gastropods, Crustaceans, Bivalves and Insects. Of the 5 food functional 

groups obtained, crushers and collector-gatherers were dominant. Ten metrics relevant and well explained by environmental 

variables were used to calculate M3LI. The M3LI calculated varied from 6.44 at the station near Dantokpa to 3.38 at the Cotonou 

channel station with fluctuating water quality between poor quality and good quality. These results clearly explain the responses 

of the living communities of the lake faced with the various stresses due to daily marine intrusion, the role of receptacle of 

different continental waters and the various anthropogenic activities plunging the environment into a hypereutrophic state. It is 

therefore urgent to take measures to restoration of this environment to allow living species to regain their balance of life. This 

index is also a departure for the establishment of a biomonitoring program for the restoration of the lake. 
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1. Introduction 

For several decades, the assessment of the health of aquatic 

ecosystems has been made through the use of biological in-

dicators such as macroinvertebrates and through the calcula-

tion of biotic indices of macroinvertebrates [1, 2]. These in-

dices for the most part take into account a single variable. 

Recently, the multimetric approach has emerged [3-6]. This 
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approach integrates different biological measures (richness, 

composition, tolerance and trophic status) into a single value 

that can potentially reflect the impact of multiple anthropo-

genic pressures [7]. 

In Benin, since 2006, numerous studies on benthic 

macrofauna organisms have been carried out in aquatic eco-

systems [8-12]. The methods used in this work to evaluate the 

integrity of these different environments are classic statistical 

methods which use classifications and/or ordinations. It is 

necessary to use cutting-edge software and more or less solid 

basic statistical training to better interpret the results of data 

analysis. Nowadays, researchers have seen the need to inte-

grate biological tools that can better demonstrate what they 

experience in their own environment that we would like to 

qualify. These are bioindicators that demonstrate the spatial 

and temporal heterogeneity of different disturbances in the 

aquatic environment [9]. 

The work of Adandédjan, D. on the determinism of benthic 

macroinvertebrate populations in the Porto-Novo Lagoon and 

the coastal lagoon (South Benin) initially highlighted the indi-

cator species of each of the environments studied and in a se-

cond step revealed the quality of these environments using 

quadratic indices [9]. This study by which had hoped in its 

perspectives, the development of biotic indices has until now 

had as continuity the inventory studies in the different ecosys-

tems and the determination of the ecological quality of envi-

ronments by multivariate methods. A first attempt in Benin led 

Gnohossou et al, 2015 to design a non-multimetric biotic index 

based on the presence/absence of indicator taxa at the different 

points of the stations sampled in the lake [13]. A first sketch of 

a Macroinvertebrate MultiMetric Lake Index (M3LI) was made 

by Sossou 2019 in Lake Ahémé through the BiOSEL project 

with the aim of establishing the design methodology based on 

multimetric approaches [14]. But this study was only a test 

because the sampling was only carried out over 4 months while 

the benthic organisms have variable populations depending on 

the hydrological seasons. It therefore seems necessary to capi-

talize on all these experiences in order to develop a valid mul-

timetric index for the evaluation of the ecological quality of 

Lake Nokoué. To achieve this, we will determine the relevant 

metrics for the development of this multimetric index and rule 

on the ecological state of Lake Nokoué. 

 
Figure 1. Study environment and different stations sampled on Lake Nokoué. 

2. Material and Methods 

2.1. Study Area 

Located to the South-East of the Benin lagoon network 

(6°25' N, 2°36' E) (Figure 1), Lake Nokoué is between the 

parallels 6°20' and 6°30' North and the meridians 2° 20' and 

2°35'. It is considered the largest body of water in Benin and 

covers an area of 150 km
2
 [15, 16]. With a length of 20 km in 

its East-West direction and a width of 11 km in its 

North-South direction, it represents the largest lagoon body of 

water in the Republic of Benin and the largest from the point 
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of view of its development [17]. It is connected to the Por-

to-Novo Lagoon by the Totchè canal and is supplied with 

fresh water by the Ouémé river and the Sô river [16, 18]. It 

also receives the influences of wastewater coming from 

Abomey-Calavi, rainwater collectors from the city of Coto-

nou and the Cotonou channel through which sea water arrives 

[19]. 

The activities carried out on the body of water and around 

the lake concern fishing, commerce, agriculture, livestock, 

transport of goods and people and tourism. These different 

activities allow local residents and their families to live but 

they directly or indirectly pollute the lake. 

2.2. Sampling Stations 

A total of eleven (11) stations were selected for the study 

(Figure 1). Their positions were identified using a Global 

Positioning System (GPS). The criteria for choosing stations 

are accessibility, the development of human activities, the 

presence or absence of vegetation, proximity to a fishing gear 

or technique (Acadja, or others). Data collection was carried 

out over 2 years (March 2019 – February 2021) taking into 

account the four hydrological seasons which are: Short Dry 

Season, Little Rainy Season, Great Dry Season and Great 

Rainy Season. 

2.3. Measurement of Physicochemical Data 

Transparency was measured in situ at each sampling. In 

addition to this parameter, six (06) other parameters were 

measured in the laboratory from water samples at each station. 

These are: Nitrites (NO2
-
), Nitrates (NO3

-
), Ammonium 

(NH4
+
), Phosphates (PO4

3-
), Total Phosphorus (P-total) and 

Chlorophyll a. 

2.4. Collection of Biological Data 

Sampling of benthic macroinvertebrates was carried out 

using a multi-habitat approach [20, 21]. Two (2) tools have 

been used for this purpose. This is an Eckman grab and a 

surber net. At each station, 5 strokes of the grab and 1 stroke 

of the surber net were given. The collected organisms were 

collected in bocal containing 10% formalin. 

In the laboratory, after cleaning to remove the conservation 

formalin, the organisms were sorted station by station under a 

binocular magnifying glass. The taxonomic determination 

was carried out down to the species level unless the identifi-

cation keys do not allow it. The keys used are: Aquatic in-

vertebrates of South African Rivers Version 2 [22]; Water 

beetles from Benin (Coleoptera: Haliplidae, Dytiscidae, 

Noteridae, Hydraenidae, Hydrochidae, Hydrophilidae, 

Gyrinidae, Elmidae) [23]; Inventory of aquatic insects in fish 

ponds in southern Côte d’Ivoire [24]; Guide to the identifica-

tion of the main freshwater macroinvertebrates of Quebec 

[25]; Freshwater invertebrates [26]. After identification, the 

organisms were counted at each station and by species. Then 

they were preserved in 70% alcohol. 

2.5. Statistical Processing 

2.5.1. Calculating Metrics 

Thirty-nine (39) metrics representing various aspects of 

benthic macroinvertebrate assemblages were identified and 

calculated per sampling station [27, 28]. These metrics can be 

grouped into five (05) categories: taxonomic richness metrics, 

composition metrics, tolerance metrics, diversity metrics, 

food functional group metrics. 

Categorie 1: Taxonomic richness metrics 

These are the metrics that define the number of taxa (fam-

ilies or genera/species) of a given taxonomic level. In the 

present work, twelve (12) richness metrics have defined and 

concern the total taxonomic richness S, the richness of Gas-

tropods, the richness of Bivalves, the richness of Insects, the 

richness of Crustaceans, the richness of Oligochaeta, the 

richness of Neritidae, the richness of Thiaridae, the richness 

of Gammaridae, the richness of Chironomidae, the richness of 

Potamididae and the richness of Nereididae. 

Categorie 2: Composition metrics 

For a given group X belonging to a station, its composition 

metric is calculated by the expression of [29]: 

%𝑋 =
𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 𝑜𝑓 𝑋

𝑇𝑜𝑡𝑎𝑙 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒
∗ 100  

Where the Abundance of X is the number of specimens of 

X collected at the given station. 

Sixteen (16) composition metrics were retained. These are: 

the percentage of Molluscs, the percentage of Gastropods, the 

percentage of Crustaceans, the percentage of Insects, the 

percentage of Oligochaetes, the percentage of Worms, the 

percentage of Diptera, the percentage of Neritidae, the per-

centage of Thiaridae, the percentage of Gammaridae, the 

percentage of Nereididae, the percentage of Chironomidae, 

the percentage of Potamididae, the percentage of Ostreidae, 

the percentage of Sphaeridae and the percentage of Balanidae. 

Categorie 3: Tolerance Metrics 

Three (03) tolerance metrics were retained and are: the 

Ephemeroptera-Coleoptera index, the Hilsenhoff Biotic Index 

and the percentage of intolerant taxa. 

Categorie 4: diversity metrics 

Three (03) diversity metrics were retained and are: Shan-

non index, Margalef index and Simpson index. 

Categories 5: food functional group metrics 

Five (05) food functional group were retained. There are: 

percentage of Grinders, percentage of Filter-Collectors, per-

centage of Collectors-Gatherers, percentage of Scrapers and 

percentage of Predators. 

2.5.2. Standardization of Metrics 

The normalized value of a variable is obtained by dividing 

the value of the variable at a given station by the largest value 
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of this variable obtained for all the stations sampled in the lake. 

Values positively associated with a healthy ecosystem were 

normalized by dividing them by the maximum reached. For 

variables that are negatively associated with a healthy eco-

system such as the percentage of Oligochaetes, the reciprocal 

(1-x) of the value is divided by the maximum of the reciprocal 

values [30, 31]. 

2.5.3. Pre-selection of Metrics 

Spearman correlation between normalized metrics and the 

seven environmental parameters (Transparency, Ammonium, 

Nitrites, Nitrates, Phosphates, Total Phosphorus and Chloro-

phyll a) was performed. Only metrics with a significant cor-

relation (p < 0.05) were pre-selected. 

2.5.4. Selection of Metrics 

It was carried out using a Principal Component Analysis 

(PCA) according to [9]. The PCA module allows you to create 

a factorial space from a set of variables, and show how to 

interpret its dimensions and project variables and individuals 

into this factorial space. The base used is composed of x (rows) 

stations and y (columns) preselected metrics. Metrics with a 

factorial weight greater than 0.6 on axes 1 and 2 were selected 

for the calculation of the index. 

2.5.5. Construction of the Macroinvertebrate  

Multimetric Lake Index (M3LI) 

The calculation of the M3LI is based on the metrics se-

lected at the end of the PCA. Its value at each station is the 

sum of the selected metrics. 

3. Results 

3.1. Metrics Calculation 

Thirty-nine (39) metrics were calculated and the results 

recorded in Table 1 below. 

Table 1. Metric calculation results. 

METRICS Codes S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 

Taxonomic richness RTAX 43 42 43 46 42 46 49 36 44 41 42 

Gastropod richness RGAS 8 10 7 9 12 10 14 9 10 8 9 

Bivalves richness RBIV 10 11 10 9 7 8 6 6 9 9 10 

Insects richness RINS 5 8 4 5 7 6 8 6 7 4 6 

Crustaceans richness RCRU 15 8 14 17 10 13 14 8 11 11 10 

Oligochaeta richness ROLI 1 1 1 1 2 2 2 1 1 2 1 

Neritidae richness RNER 2 4 1 2 5 4 6 1 2 2 3 

Thiaridae richness RTHI 3 3 2 2 2 3 3 3 3 2 2 

Gammaridae richness RGAM 2 2 2 2 2 2 2 0 2 2 2 

Chironomidae richness RCHI 1 1 1 1 2 1 0 0 1 2 2 

Potamididae richness RPTA 2 2 2 2 2 2 2 2 2 2 2 

Nereididae richness RNEA 2 1 3 2 2 2 1 2 3 3 2 

Percentage Molluscs PMOL 69.09 93.2 57.68 61.52 90.01 88.52 81.45 89.46 87.97 87.46 77.60 

Percentage Gastropods PGAS 54.57 87 34.28 50.57 83.99 84.39 78.16 83.42 82.82 83.54 57.23 

Percentage Crustaceans PCRU 20.32 3.36 22.53 30.5 6.11 5.29 13.47 4.10 8.26 8.93 11.38 

Percentage Insects PINS 4.86 1.85 5.75 0.92 2.46 4.22 2.81 3.22 2.81 0.20 5.9 

Percentage Oligochaeta POLI 36.71 7.59 36.71 48.1 7.59 24.05 20.25 26.58 12.66 16.46 8.86 

Percentage Worms PVER 3.63 1.4 12.5 4.99 1.3 1.12 1.85 2.39 0.67 3.04 4.64 

Percentage Diptera PDIP 2.90 0.77 1.73 0.27 1.01 0.94 0.64 0.24 0.46 0.17 3.08 

Percentage Neritidae PNER 1.45 0.45 1.37 1.52 2.66 6.19 6.35 0.12 0.46 0.43 1.33 

Percentage Thiaridae PTHI 33.24 26.10 10.17 33.93 43.07 31.85 60.5 36.74 59.29 51.72 8.36 
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METRICS Codes S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 

Percentage Gammaridae PGAM 4.28 0.83 7.12 5.58 0.83 1.88 1.59 0.00 1.88 0.26 1.33 

Pourcentage Nereididae PNEI 2.98 0.64 10.4 3.09 0.85 0.49 0.69 0.40 0.38 1.96 2.96 

Percentage Chironomidae PCHI 0.00 0.83 1.22 0.11 0.12 1.39 0.66 0.00 0.00 0.00 0.00 

Percentage Potamididae PPTA 19.81 60.7 21.32 14.15 36.99 46.38 11.17 46.48 22.91 31.16 47.68 

Percentage Ostreidae POST 5.01 4 16.9 1.27 3.09 0.54 1.33 9.07 1.34 1.32 10.48 

Percentage Sphaeridae PSPH 2.61M 0.46 1.96 7.54 0.24 1.8 0.53 1.48 0.76 0.91 1.87 

Percentage Balanidae PBAL 4.14 0.28 0.62 8.26 3.4 0.67 5.73 2.84 3.98 5.48 7.32 

EC index EC 0 0 0 0 2 0 0 1 1 1 1 

Percentage of intolerant 

taxa 
PTTS 2.33 2.38 0.00 0.00 0.00 0.00 2.04 2.78 2.27 0.00 2.38 

Hilsenhoff Biotic Index FBI 7.14 7.71 6.64 6.96 7.64 7.71 7.49 7.75 7.61 7.62 7.09 

Shannon Index ISHA 2.93 1.64 2.85 2.66 1.94 1.89 2.05 1.97 1.82 1.94 2.46 

Simpson Index ISIM 0.09 0.36 0.09 0.15 0.23 0.29 0.27 0.23 0.29 0.22 0.16 

Margalef Index IMAR 5.81 4.67 5.42 5.86 4.69 5.71 5.71 4.35 5.16 4.78 5.37 

Percentage Grinders PBRO 40.93 47.30 32.86 38.54 46.76 47.6 45.24 46.19 47.20 45.84 40.20 

Percentage fil-

ter-collectors 
PFCO 9.21 3.32 17.2 6.90 3.23 2.23 1.83 3.28 4.95 2.13 12.70 

Percentage Collec-

tors-Gatherers 
PCRA 35.22 46.6 25.25 33.35 46.26 45.67 43.96 45.31 45.66 45.46 37.41 

Percentage Scrapers PRAC 7.55 0.47 10.9 11.02 0.99 1.48 3.46 0.69 1.30 1.75 1.74 

Percentage Predators PPRE 7.09 2.25 13.7 10.20 2.76 3.03 5.51 4.53 0.89 4.82 7.96 

3.2. Standardized Metric Values 

Wide variations are observed for standardized metric values (Table 2). For example: EC index [0-1]; number of intolerant taxa 

[0-1]; Insect richness [0.5-1]; Crustacean percentage [0.47-1]. 

Table 2. Standardized metric values. 

METRICS CODES S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 

Taxonomic richness RTAX 0.88 0.86 0.88 0.94 0.86 0.94 1.00 0.73 0.90 0.84 0.86 

Gastropod richness RGAS 0.57 0.71 0.50 0.64 0.86 0.71 1.00 0.64 0.71 0.57 0.64 

Bivalves richness RBIV 0.91 1.00 0.91 0.82 0.64 0.73 0.55 0.55 0.82 0.82 0.91 

Insects richness RINS 0.63 1.00 0.50 0.63 0.88 0.75 1.00 0.75 0.88 0.50 0.75 

Crustaceans richness RCRU 0.88 0.47 0.82 1.00 0.59 0.76 0.82 0.47 0.65 0.65 0.59 

Oligochaeta richness ROLI 0.50 0.50 0.50 0.50 1.00 1.00 1.00 0.50 0.50 1.00 0.50 

Neritidae richness RNER 0.33 0.67 0.17 0.33 0.83 0.67 1.00 0.17 0.33 0.33 0.50 

Thiaridae richness RTHI 1.00 1.00 0.67 0.67 0.67 1.00 1.00 1.00 1.00 0.67 0.67 

Gammaridae richness RGAM 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 1.00 

Chironomidae richness RCHI 0.50 0.50 0.50 0.50 1.00 0.50 0.00 0.00 0.50 1.00 1.00 

Potamididae richness RPTA 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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METRICS CODES S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 

Nereididae richness RNEA 0.67 0.33 1.00 0.67 0.67 0.67 0.33 0.67 1.00 1.00 0.67 

Percentage Molluscs PMOL 0.74 1.00 0.66 0.66 0.96 0.95 0.87 0.96 0.94 0.94 0.83 

Percentage Gastropods PGAS 0.63 1.00 0.39 0.58 0.96 0.97 0.90 0.96 0.95 0.96 0.66 

Percentage Crustaceans PCRU 0.67 0.11 0.74 1.00 0.20 0.17 0.44 0.13 0.27 0.29 0.37 

Percentage Insects PINS 0.81 0.31 0.96 0.15 0.41 0.71 0.47 0.54 0.47 0.03 1.00 

Percentage Oligochaeta POLI 0.76 0.14 0.76 1.00 0.14 0.49 0.41 0.54 0.25 0.33 0.17 

Percentage Worms PVER 0.29 0.11 1.00 0.40 0.10 0.09 0.15 0.19 0.05 0.24 0.37 

Percentage Diptera PDIP 0.94 0.25 0.56 0.09 0.33 0.31 0.21 0.08 0.15 0.06 1.00 

Percentage Neritidae PNER 0.24 0.42 0.97 1.00 0.02 0.07 0.07 0.21 1.00 0.00 0.04 

Percentage Thiaridae PTHI 0.56 0.71 0.53 1.00 0.61 0.98 0.85 0.14 1.00 0.00 0.01 

Percentage Gammaridae PGAM 1.00 0.15 0.34 0.28 0.00 0.34 0.05 0.24 1.00 0.00 0.18 

Pourcentage Nereididae PNEI 1.00 0.27 0.16 0.22 0.13 0.12 0.64 0.96 1.00 0.00 0.32 

Percentage Chironomidae PCHI 0.00 0.60 0.49 0.08 0.09 1.00 0.48 0.00 0.00 0.00 0.00 

Percentage Potamididae PPTA 0.33 1.00 0.35 0.23 0.61 0.76 0.18 0.77 0.38 0.51 0.78 

Percentage Ostreidae POST 0.30 0.24 1.00 0.08 0.18 0.03 0.08 0.54 0.08 0.08 0.62 

Percentage Sphaeridae PSPH 0.35 0.06 0.26 1.00 0.03 0.24 0.07 0.20 0.10 0.12 0.25 

Percentage Balanidae PBAL 0.50 0.03 0.08 1.00 0.41 0.08 0.69 0.34 0.48 0.66 0.89 

EC index EC 0 0 0 0 1 0 0 0.5 0.5 0.5 0.5 

Percentage of intolerant taxa PTTS 0.84 0.86 0.00 0.00 0.00 0.00 0.73 1.00 0.82 0.00 0.86 

Hilsenhoff Biotic Index FBI 0.92 1.00 0.86 0.90 0.99 1.00 0.97 1.00 0.98 0.98 0.92 

Shannon Index ISHA 0.41 0.54 0.56 0.79 0.66 0.44 0.49 0.66 0.62 1.00 0.53 

Simpson Index ISIM 0.25 1.00 0.26 0.42 0.63 0.11 0.25 0.64 0.80 0.60 0.43 

Margalef Index IMAR 0.99 0.80 0.92 1.00 0.80 0.97 0.97 0.74 0.88 0.82 0.92 

Percentage Grinders PBRO 0.86 0.99 0.69 0.81 0.98 1.00 0.95 0.97 0.99 0.96 0.84 

Percentage filter-collectors PFCO 0.53 0.19 1.00 0.40 0.19 0.13 0.11 0.19 0.29 0.12 0.74 

Percentage Collectors-Gatherers PCRA 0.75 1.00 0.54 0.71 0.99 0.98 0.94 0.97 0.98 0.97 0.80 

Percentage Scrapers PRAC 0.69 0.04 0.99 1.00 0.09 0.13 0.31 0.06 0.12 0.16 0.16 

Percentage Predators PPRE 0.52 0.16 1.00 0.74 0.20 0.22 0.40 0.33 0.07 0.35 0.58 

 

3.3. Metric Preselection 

Table 3 shows the results of Spearman's correlation test 

between standardized metrics and environmental variables. 

Of the thirty-nine (39) metrics calculated, fourteen (14) were 

significantly correlated (p < 0.05) with physico-chemical 

parameters such as transparency (Transp), nitrates (NO3
-
), 

nitrites (NO2
-
), ammonium (NH4

+
), phosphates (PO4

3-
), total 

phosphorus (P-total) and Chlorophyll a (Chlorop a) 

The metrics concerned as follows: 

1. Gastropods richness (RGAS); 

2. Thiaridae richness (RTHI); 

3. Nereididae richness (RNEA); 

4. Shannon index (ISHA); 

5. Simpson index (ISIM); 

6. Percentage Molluscs (PMOL); 

7. Percentage Gastropods (PGAS); 

8. Pourcentage Chironomidae (PCHI); 

9. Percentage Grinders (PBRO); 

10. Percentage intolerant Taxa (PTTS); 

11. Percentage Collectors-Gratherers (PCRA) 

12. Percentage Predators (PPRE); 

13. Percentage worms (PVER) 
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14. Percentage Balanidae (PBAL). 

Table 3. Results of correlation test between standardized metrics and environmental parameters. (In bold, metrics significantly correlated with 

parameters). 

Codes Transp NO3- NO2- NH4+ PO43- P-total Chlorop a 

PTTS 0.31 0.13 -0.32 0.34 0.70 0.03 -0.01 

RGAS -0.15 0.18 -0.03 -0.28 -0.22 -0.62 -0.26 

RTHI -0.23 -0.17 -0.12 0.00 0.46 -0.64 -0.46 

RNEA -0.15 -0.04 0.64 0.35 0.21 0.47 0.33 

ISHA 0.61 -0.16 -0.16 -0.09 -0.16 0.50 -0.17 

ISIM -0.49 0.21 -0.01 -0.07 0.14 -0.65 -0.06 

PMOL -0.33 0.31 0.15 -0.14 0.14 -0.64 0.05 

PGAS -0.48 0.13 0.02 -0.13 0.07 -0.66 0.07 

PCHI -0.54 0.37 -0.16 -0.82 -0.66 -0.57 -0.07 

PBRO -0.56 0.06 0.15 -0.10 0.21 -0.75 -0.15 

PCRA -0.54 0.20 0.12 -0.14 0.05 -0.68 0.10 

PPRE 0.51 -0.15 -0.31 -0.01 -0.24 0.65 0.00 

PVER 0.50 -0.03 -0.37 0.00 -0.29 0.65 0.16 

PBAL 0.65 -0.58 -0.22 0.55 0.02 0.61 -0.19 

 

3.4. Metric Selection 

The Principal Component Analysis (PCA) performed with 

the 14 pre-selected metrics showed that 72.9% of the total 

inertia of the data is expressed by the first two axes of the 

analysis (Figure 2A). These two axes were used to express the 

PCA results. Ten variables proved to be more discriminating, 

with a factor weight greater than 0.6 (Table 4): Shannon Index 

or ISHA; Simpson Index or ISIM; Percentage of Molluscs or 

PMOL; Percentage of Gastropods or PGAS; Percentage of 

Chironomidae or PCHI; Percentage of Grinders or PBRO; 

Percentage of Collectors-Gatherers or PCRA; Percentage of 

Predators or PPRE; Percentage of Worms or PVER; and 

Percentage of Balanidae or PBAL. 

Table 4. Variable selection based on factor weights. (Factor weights of the most discriminating variables in bold). 

Codes Axe 1 Axe 2 

PTTS -0.34 0.26 

RGAS -0.59 0.03 

RTHI -0.59 -0.26 

RNEA 0.41 0.12 

ISHA 0.92 0.12 

ISIM -0.91 -0.25 

PMOL -0.95 0.02 

PGAS -0.97 0.03 

PCHI 0.05 -0.96 
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Codes Axe 1 Axe 2 

PBRO -0.98 0.08 

PCRA -0.98 0.12 

PPRE 0.96 -0.09 

PVER 0.89 -0.30 

PBAL 0.24 0.85 

 
A = Eigenvalues of factorial axes; B = Correlation circles. 

Figure 2. Principal Component Analysis. 

3.5. Construction of Macroinvertebrates 

MultiMetric Lac Index (M3LI) 

The Macroinvertebrates MultiMetric Lake Index (M3LI) 

is the sum of ten selected metrics: Shannon Index (ISHA); 

Simpson Index (ISIM); Percentage of Molluscs (PMOL); 

Percentage of Gastropods (PGAS); Percentage of Chirono-

midae (PCHI); Percentage of Grinders (PBRO); Percentage 

of Collectors-Gatherers (PCRA); Percentage of Predators 

(PPRE); Percentage of Worms (PVER) and Percentage of 

Balanidae (PBAL). 

3.6. Macroinvertebrates MultiMetric Lake 

Index (M3LI) Values 

Index values were calculated for each station and present-

ed in Table 5. The Multimetric Macroinvertebrate Lake In-

dex obtained at each station shows that the lowest value 

(3.38) was obtained at station S1 and the highest (6.44) at 

station S2. 
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Table 5. Macroinvertebrates Multimetric Lake Index values at sampled stations. 

Stations ISHA ISIM PMOL PGAS PCHI PBRO PCRA PPRE PVER PBAL IM2L 

S1 0.41 0.25 0.74 0.63 0 0.56 0.45 0.22 0.09 0.03 3.38 

S2 0.54 1 1 0.82 0.45 0.82 0.71 0.16 0.11 0.03 6.44 

S3 0.56 0.26 0.62 0.31 0.78 0.49 0.44 0.57 1 0.08 5.11 

S4 0.79 0.42 0.66 0.48 0.08 0.71 0.71 0.74 0.4 1 5.99 

S5 0.66 0.63 0.96 0.96 0.09 0.98 0.91 0.2 0.1 0.41 5.9 

S6 0.44 0.51 0.85 0.87 1 0.76 0.68 0.12 0.09 0.08 5.4 

S7 0.49 0.25 0.87 0.76 0.28 0.75 0.44 0.4 0.31 0.29 4.84 

S8 0.66 0.64 0.96 0.96 0 0.97 0.97 0.33 0.09 0.34 5.92 

S9 0.62 0.8 0.94 0.95 0 0.99 0.98 0.07 0.05 0.48 5.88 

S10 1 0.6 0.94 0.86 0 0.96 0.56 0.35 0.24 0.46 5.97 

S11 0.53 0.43 0.83 0.66 0 0.84 0.8 0.58 0.37 0.69 5.73 

 

3.7. Ecological Classes of M3LI 

The minimum and maximum limits of the M3LI have been 

determined by taking into account the final number of metrics 

used to calculate the index. The index ranges from 0 to 10, 

depending on the number of metrics used in the calculation. 

Five ecological quality classes have thus been defined for the 

Multimetric Lake Index (M3LI): 

M3LI between [8-10]: Very good ecological quality 

M3LI included [6-8]: Good ecological quality 

M3LI included [4-6]: Medium ecological quality 

M3LI included [2-4]: Mediocre ecological quality 

M3LI included [0-2]: Poor ecological quality. 

The corresponding color scales are: (Figure 3). 

 
Figure 3. Color scales. 

3.8. Ecological Quality of Lake Nokoué 

Figure 4 shows the water quality of Lake Nokoué at its 

various stations. The map in Figure 5 shows the lake's eco-

logical status at various points. Lake Nokoué is therefore in 

an average state of pollution. 

 
Figure 4. Lake Nokoué water quality. 
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Figure 5. Map showing station status after calculation of the index of biotic integrity. 

4. Discussion 

The most important phase in the construction of the mul-

timetric index is the search for the appropriate metrics. Karr 

and Chu, 1999 defines a metric as a calculated measure that 

describes certain aspects of a biological community such as its 

structure, its functioning or any other biological characteristic 

[32]. In this study, thirty-nine (39) metrics were calculated. 

These metrics relate to tolerance, richness, abundance, diver-

sity and functional food groups to take into account all the 

functionalities linked to the zoological group used. By com-

paring the number of metrics used to those of other authors in 

the sub-region such as [33], seventeen (17) for the construc-

tion of a multimetric index for evaluating the ecological 

quality of the region's waters West Cameroon; [27] used 46 

metrics (metrics measuring food tolerance, richness, compo-

sition and functional group); [28] used 39 metrics (richness, 

composition, food functional group and tolerance measure-

ment metrics); [34], calculated 29 (metrics of absolute taxo-

nomic abundance, relative taxonomic abundance, taxonomic 

richness and diversity indices), etc. we can say that the 

number of metrics in this analysis is largely sufficient or 

representative. 

Ten (10) selected metrics served as the basis for the de-

velopment of the Multimetric Macroinvertebrate Lake Index 

(M3LI), which are the Shannon Index; the Simpson Index; the 

Percentage of Molluscs; the Percentage of Gastropods; the 

Percentage of Chironomidae; the Percentage of Grinders; the 

Percentage of Collectors-Gatherers; the Percentage of Pred-

ators; the Percentage of Worms and the percentage of Bal-

anidae. These metrics are representative and meet the design 

standards of a biotic integrity index if we can align with the 

European standard used by all the aforementioned African 

countries because in Africa, there is none. 

The Multimetric Macroinvertebrate Lake Index deter-

mined varied from 3.28 at station S1 of the Cotonou channel 

to 6.44 at station S2 near Dantokpa. As for the others, the 

index value is between 4.84 and 5.99; Only station S2 

showed during the study a good ecological status according 

to the scale that we defined and corresponding to a low level 

of pollution. In fact, during the sampling period, this station 

suffered an eviction of the numerous populations who lived 

there and carried out large-scale anthropogenic activities 

such as domestic and industrial landfills, landings from 

surrounding villages, and trade especially in gasoline, and 

fishing with all the various gears, etc. This is a development 

program for water bodies in South Benin underway in Benin 

and appearing in the Government Action Program (PAG). 

Operations to liberate the banks of Lake Nokoué and the 

Cotonou channel began under the supervision of security 

forces in June 2020 where several hangars were destroyed 

this Tuesday, over a long distance. This development has 

worked in favor of this station which breathes as well as 

possible. But the physicochemical study carried out indi-

cated that all the stations are hyperheutrophic. Note that the 

chemical analysis gives a specific image of the ecological 

state of the environment; however, this result is not in con-

tradiction with the biological analysis. This is where moni-

toring of the station is necessary to preserve the sustaina-

bility of the development, and therefore of the lake. 

The S1 station with the lowest index value is the one which 

receives the water discharged directly and permanently into 

the channel by pipes installed by a restaurant on the west side 

of the channel. The taxa collected are all pollutant-resistant 

taxa because the water directly discharged into the lake is not 
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treated; they are full of nutrients which sediment and whose 

degradation consumes the oxygen available in the water. This 

is a heavily polluted station. Along the same lines, the other 

stations are in an ecological state of average quality which, in 

the more or less short term, may disintegrate. Indeed, these 

stations are those located on the outskirts of numerous river-

side villages such as the villages of Sainte Cécile, Gbèjromèdé, 

Mènontin and Abomey-Calavi where the population density is 

very high, the pollution level increases from West to East and 

from station S2 towards the north of the lake. This observation 

could be explained by the fact that the northern zone of the 

lake receives permanent runoff water from rains and rivers. 

These waters are full of fertilizers and pesticides leached from 

the agricultural areas around the lake. It is also in these areas 

that numerous fishing gear have been installed. Operations to 

remove these devices were carried out during the study but 

remained without follow-up; which means that these ma-

chines have returned today. 

5. Conclusion 

In short, the index (M3LI) designed made it possible to 

determine the ecological quality of Lake Nokoué. Its values 

obtained varied from 3.28 to 6.44 thus placing the lake be-

tween poor ecological quality and good with most of its sta-

tions in average ecological status. This so-called global ap-

proach to indicating water quality will find its meaning in 

monitoring the various developments undertaken or planned 

for the restoration of Lake Nokoué and adjacent ecosystems. 

The use of the index on all aquatic ecosystems in Benin will 

make it possible to better validate the robustness of the index. 

However, the determination of a reference station is necessary 

to better establish the comparisons. 
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PCA Principal Component Analysis 

Acknowledgments 

The authors thank the University of Abomey-Calavi who 

financed this work in as part of its Competitive Funds Pro-

gram of Research, 3rd phase (PFCR/III) through the project 

“Biodiversity and anthropogenic pressures on the living 

aquatic resources of the Estuarine and Lagoon Systems of 

South Benin (BioSEL)” 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] Sanogo, S., 2014. Inventory of macroinvertebrates in different 

water bodies of the Volta Basin for the identification of bioindi-

cator taxa in a continuum of hydro-agricultural 

dam-effluent-River in Burkina Faso. Single PhD thesis in rural 

development 198p. 

[2] Agblonon Houélome, TM., 2018. Macroinvertébrés et qualité 

écologique de la rivière Alibori dans le bassin cotonnier du Bénin. 

[Macroinvertebrates and ecological quality of the Alibori River in 

the cotton basin of Benin]. Thèse de doctorat, Université 

d’Abomey-Calavi, Bénin, 289p. 

[3] Karr, JR., 1981. Assessment of Biotic Integrity Using Fish 

Communities. Fisheries 6, 21-27.  

https://doi.org/10.1577/1548-8446(1981)006<0021:AOBIUF>2.

0.CO;2 

[4] Barbour, MT., Stribling, JB., Karr, JR., 1995. Multimetric ap-

proach for establishing biocriteria and measuring biological con-

dition. In: Davis, W. S., Simon, T. P. (Eds.), Biological Assess-

ment and Criteria: Tools for Water Resources Planning and Deci-

sion Making. Lewis Publishers, Boca Raton, Florida pp. 63-77.  

[5] Ofenböck, T., Moog, O., Gerritsen, J., Barbour, M., 2004. A 

stressor specific multimetric approach for monitoring running 

waters in Austria using benthic macro- invertebrates. Hydrobio-

logia 516, 251- 268.  

https://doi.org/10.1023/B:HYDR.0000025269.74061.f9 

[6] Gabriels, W., Lock, K., De Pauw, N., Goethals, PLM., 2010. 

Multimetric Macroinvertebrate Index Flanders (MMIF) for bio-

logical assessment of rivers and lakes in Flanders (Belgium). 

Limnologica 40, 199-207.  

https://doi.org/10.1016/j.limno.2009.10.001 

[7] Hering, D., Feld, C. K., Moog, O., Ofenböck, T., 2006. Cook book 

for the development of a multimetric index for biological condi-

tion of aquatic ecosystems: experiences from the European 

AQEM and STAR projects and related initiatives. Hydrobiologia, 

566, 311–324. https://doi.org/10.1007/978-1-4020-5493-8_22 

[8] Gnohossou, P. M., 2006. La faune benthique d’une lagune ouest 

africaine (le Lac Nokoué au Bénin), diversité, abondance, varia-

tions temporelles et spatiales, place dans la chaîne trophique. [The 

benthic fauna of a West African lagoon (Lake Nokoué in Benin), 

diversity, abundance, temporal and spatial variations, place in the 

trophic chain]. Thèse de Doctorat. Institut National Polytechnique 

de Toulouse. Formation doctorale: SEVAB. 169 p. 

[9] Adandédjan, D., 2012. Diversité et déterminisme des peuplements 

de macroinvertébrés benthiques de deux lagunes du sud-Bénin: la 

lagune de Porto-Novo et la lagune côtière. [Diversity and determin-

ism of benthic macroinvertebrate populations in two lagoons in 

southern Benin: the Porto-Novo lagoon and the coastal lagoon]. 

Doctorat unique en Sciences Agronomiques de l’université 

d’Abomey-Calavi, 239 p. 

http://www.sciencepg.com/journal/ijema


International Journal of Environmental Monitoring and Analysis http://www.sciencepg.com/journal/ijema 

 

109 

[10] Odountan, H., Abou, Y., 2016. Structure and Composition of 

Macroinvertebrates during Flood Period of the Nokoue Lake, 

Benin. Open Journal of Ecology, 2015, 6, 62-73.  

https://doi.org/10.4236/oje.2016.62007 

[11] Agblonon Houelome, TM., Adandédjan, D., Chikou, A., Im-

orou Toko, I., Koudenoukpo, C., Bonou, C., Youssao, I., La-

lèyè, P., 2017. Inventory and faunal characteristics of ma-

croinvertebrates of the Alibori River in the cotton basin of 

Benin. International Journal of Innovation and Applied Studies, 

ISSN 2028-9324 21, 433-448. 

[12] Capo-Chichi, H. B. P., Adandédjan, D., Agadjihouèdé, H., 

Agblonon Houélomè MT., Lalèyè, PA., 2018. Diversity of 

benthic macroinvertebrates in the Toho-Todougba lagoon 

complex in Southwest Benin. Bulletin de la Recherche 

Agronomique du Bénin (BRAD). Special Issue on Sustainable 

Agricultural Development (DAD)- December 2018. ISSN on 

paper: 1025-2355. 

[13] Gnohossou, P., Lalèyè, P., Atachi, P., Gerino, M., Brosse, S., 

Moreau, J., 2015. Elaboration of a biotic index of pollution 

using macroinvertebrates for the monitoring of Lake Nokoué 

in Benin. Int. J. Biol. Chem. Sci. 9(6): 2897-2917, December 

2015. ISSN 1997-342X (Online), ISSN 1991-8631 (Print). 
https://doi.org/10.4314/ijbcs.v9i6.29 

[14] Sossou, P. E., 2019. Vers l’élaboration d’un indice composite 

benthique de la qualité des eaux: application au Lac Ahémé 

(Sud-Bénin). [Towards the development of a composite ben-

thic index of water quality: application to Lake Aheme (South 

Benin)]. Mémoire de Master en Monitoring des Ressources 

Aquatiques et Aménagement des Pêches Continentales, Uni-

versité d’Abomey-Calavi. 69p. 

[15] Lalèyè, P., 1995. Ecologie de deux espèces de Chrysichthys, 

poissons siluriformes (Clarotéidae) du complexe Lac 

Nokoué-Lagune de Porto-Novo au Bénin. [Ecology of two 

species of Chrysichthys, siluriform fish (Clarotéidae) from the 

Lake Nokoue-Porto-Novo Lagoon complex in Benin]. Thèse 

de doctorat, Université du Bénin, 152 p. 

[16] Niyonkuru, C., Lalèyè, P., 2010. Impact of acadja fisheries on 

fish assemblages in Lake Nokoué, Benin, West Africa. 

Knowledge and Management of Aquatic Ecosystems. 15 p. 
https://doi.org/10.1051/kmae/2010033 

[17] Lawani, R., 2013. Evaluation des éléments traces métalliques 

et spéciation chimique du cuivre et du zinc dans les eaux et 

sédiments du Lac Nokoué. [Evaluation of trace metal elements 

and chemical speciation of copper and zinc in the waters and 

sediments of Lake Nokoue]. Mémoire de Master UAC-FAST. 

57 p. 

[18] Bossou, M. A., 2013. Analyse des paramètres physi-

co-chimiques de l'eau et des caractéristiques morphologiques 

et écologiques des populations de Tilapia guineensis (Bleeker, 

1962) du Lac Nokoué, du delta de l'Ouémé, de la Lagune de 

Grand-Popo et du Lac Toho au Sud du Bénin. [Analysis of the 

physicochemical parameters of water and the morphological 

and ecological characteristics of populations of Tilapia guin-

eensis (Bleeker, 1962) of Lake Nokoue, the Oueme delta, the 

Grand-Popo Lagoon and Lake Toho in southern Benin]. Mé-

moire de Master. EPAC/UAC. 103 p. 

[19] Mama, D., 2010. Méthodologie et résultats du diagnostic de 

l’eutrophisation du Lac Nokoué (Bénin). [Methodology and 

results of the diagnosis of eutrophication of Lake Nokoue 

(Benin)]. Thèse de doctorat. 177p. 

[20] Barbour, M. T., Gerritsen, J., Snyder, B. D., Stribling, J. B., 

1999. Rapid Bioassessment Protocols for Use in Streams and 

Wadeable Rivers: Periphyton, Benthic Macroinvertebrates and 

Fish. Second Edition. U. S. Environmental Protection Agency, 

Office of Water, Washington, DC, USA. WA. EPA 

841-B-99-002. 

[21] Moisan, J., Pelletier, L., 2011. Protocole d’échantillonnage des 

macroinvertébrés benthiques d’eau douce du Québec, Cours 

d’eau peu profonds à substrat meuble 2011. [Sampling proto-

col for benthic freshwater macroinvertebrates in Quebec, 

shallow watercourses with soft substrate 2011]. Direction du 

suivi de l’état de l’environnement, ministère du Développe-

ment durable, de l’Environnement et des Parcs, ISBN: 

978-2-550-61166-0 (PDF), 39 p. 

[22] Gerber, M., Gabriel, M. J. M., 2002. Aquatic Invertebrates of 

South African Rivers (Version 2). Institut for water Quality 

Studies, Departement Affairs and Forestry. Ressource Quality 

Services Department of water Affairs Private.14p. 

[23] Van Vondel, B. J., 2005. Water beetlesfrom Bénin (Cole-

optera: Haliplidae, Dytiscidae, Noteridae, Hydraenidae, 

Hydrochidae, Hydrophilidae, Gyrinidae, Elmidae) – DE-

INSEA, 11: 119-138. 

[24] Yapo, M. L., Atse, B. C., Kouassi, P., 2012. Inventaire des 

insectes aquatiques des étangs piscicoles au Sud de la Côte 

d’ivoire. [Inventory of aquatic insects in fish ponds in southern 

Ivory Coast]. Journal of Applied Biosciences 58: 4208–4222. 
https://doi.org/10.9734/AJEA/2015/2714 

[25] Moisan, J., 2010. Guide d’identification des principaux ma-

croinvertébrés benthiques d’eau douce du Québec, 2010. 

[Identification guide to the main freshwater benthic macroin-

vertebrates of Quebec, 2010]. Surveillance volontaire des 

cours d’eau peu profonds, Direction du suivi de l’état de 

l’environnement, ministère du Développement durable, de 

l’Environnement et des Parcs, ISBN: 978-2-550-58416-2, 82 

p. 

[26] Tachet, H., Richoux, P., Bourneau, M., Usseglio-Polatera, P., 

2006. Invertébrés d’eau douce, systémétique, biologie, écolo-

gie. [Freshwater invertebrates, systematics, biology, ecology]. 

CNRS Editions, Paris. 587 p. 

[27] Kaboré, I., 2016. Benthic invertebrate assemblages and as-

sessment of ecological status of water bodies in the Sahelo 

Soudanian area (Burkina Faso, West Africa). Doctorat Thesis. 

University of Natural Resources and Life Sciences, Vienna 

Austria. 242p. 

[28] Tampo, L., Lazar, IM., Kaboré, I., Oueda, A., Akpataku, KV., 

Djaneye- Boundjou, G., Bawa, LM., Lazar, G., Guenda, W., 

2020. A multimetric index for assessment of aquatic ecosystem 

health based on macroinvertebrates for the Zio river basin in 

Togo, Limnologica 83 (2020) 125783.  
https://doi.org/10.1016/j.limno.2020.125783 

http://www.sciencepg.com/journal/ijema


International Journal of Environmental Monitoring and Analysis http://www.sciencepg.com/journal/ijema 

 

110 

[29] Bode, R. W., Novak, M. A., Abele, L. E., Heitzman, D. L., 

Smith, A. J., 2002. Quality Assurance Work Plan for Biological 

Stream Monitoring in New York State, Albany (New York), 

Stream Biomonitoring Unit Bureau of Water Assessment and 

Management Division of Water, NYS Department of Envi-

ronmental Conservation, 41p. 

[30] Moisan J., Pelletier L. 2008. Guide de surveillance biologique 

basée sur les macroinvertébrés benthiques d’eau douce du 

Québec – Cours d’eau peu profonds à substrat grossier, 2008. 

[Biological monitoring guide based on freshwater benthic 

macroinvertebrates in Quebec – Shallow watercourses with 

coarse substrate, 2008]. Direction du suivi de l’état de 

l’environnement, ministère du Développement durable, de 

l’Environnement et des Parcs, Québec, Canada. 

[31] Nyamsi Tchatcho, N. L., Foto Menbohan, S., Zébazé Togouet, 

S. H., Onana Fils, M., Adandedjan, D., Tchakonté, S., Yémélé 

Tsago, C., Koji, E., Njiné, T., 2014. Indice Multimétrique des 

Macroinvertébrés Benthiques Yaoundéens (IMMY) Pour 

L'évaluation Biologique de la Qualité des Eaux de Cours D'eau 

de la Région du Centre Sud Forestier du Cameroun. [Multi-

metric Index of Yaoundean Benthic Macroinvertebrates 

(IMMY) for the Biological Assessment of Water Quality in 

Streams of the South-Central Forest Region of Cameroon]. 

European Journal of Scientific Research, ISSN 1450-216X / 

1450-202X Vol. 123 No 4 June, 2014, pp. 412-430. 

[32] Karr, JR., Chu, EW., 1999. Restoring life in running waters. 

Better Biological. Monitoring. Island Press, Washington, DC. 

https://doi.org/10.2307/1468472 

[33] Kengne Fotsing, J., 2018. Bio-assessment of watercourses in 

the West region of Cameroon using benthic macroinvertebrates 

and construction of a regional multimetric index. Doctoral 

thesis, University of Lille, 222p. 

[34] Edegbene, AO., Elakhame, LA., Arimoro, FO., Osimen, EC., 

Odume, ON., 2019. Development of macroinvertebrates mul-

timetric index for ecological evaluation of a river in North 

Central Nigeria. Environmental Monitoring and Assessment 

191, 274. https://doi.org/10.1007/s10661-019-7438 

 

http://www.sciencepg.com/journal/ijema

