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This is anOpe
Abstract – In Benin, most of urban wastewaters are discharged into rivers without any prior treatment. The
objective of this study was to assess the effects of urban wastewater on the macroinvertebrate communities
of the upper Ouémé River in Benin. To address this question, 30 stations located on five rivers were
monitored in the dry and the wet seasons. For each station and each season, 12 samples of
macroinvertebrates following standardized French multi-habitat sampling protocol were collected and
physico-chemical parameters were recorded. Three types of stations were chosen on each river: two control
stations located upstream of the wastewater discharge points, two stations impacted in the urban area and
receiving urban wastewaters, and two stations downstream of the wastewater discharge points to measure
the resilience of a set of river characteristics. Urban wastewater impacted the water quality by mainly
increasing electrical conductivity and the nutrient concentrations. Wastewaters also deeply impacted the
diversity and the composition of the invertebrate community. The Indval index highlighted three indicator
taxa for the control stations (Caenidae, Baetidae and Ephemerellidae), one for the impacted stations
(Chironomidae), and two for the downstream stations (Libellulidae and Lestidae). We also observed
ecosystem resilience a few hundred meters downstream of the discharge points. These results challenge
managers on the degradation of river water quality in the upper Ouémé River, but also reveal good self-
purification capacities of the watercourses likely to promote the resilience of these ecosystems.

Keywords: Tropical river / wastewater / nutrient enrichment / community composition / environmental monitoring
1 Introduction

The pollution of aquatic ecosystems by the dumping off of
waste is increasing worldwide because the human population,
industrialization and urbanization are soaring (Cooper, 1993;
Grimm et al., 2008), hence new liquid waste management
issues (Owa, 2013; Edokpayi et al., 2017). Different types of
waste are discharged into rivers without being treated; they
cause numerous disturbances of aquatic ecosystems and
ecotoxicological hazards (Paul and Meyer, 2001; McKinney,
2002; Owa, 2013). Industrial waste, household waste,
agricultural waste, excrement and various organic waste
products degrade river water quality (Moss, 2008; Wang et al.,
2014). These different pollutants have huge consequences on
the environment, the life of aquatic ecosystems, human health
(Dudgeon et al., 2006; Schwarzenbach et al., 2010), and the
ecosystem values of water (Walmsley, 2002). Under these
ding author: abassabahi@yahoo.fr
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conditions, it seemed to us judicious to study the state of health
of rivers for their preservation, their sustainable management,
and the conservation of their biodiversity and ecosystem values.

This is particularly true in Africa where land use has
intensified in many countries in recent years as a result of
expanding farming and urbanization processes (Masters et al.,
2013; Christiaensen, 2017). Urbanization generally occurs
very close to the main rivers and streams, which are deeply
impacted by rising wastewater loads, overcrowding, and
settlements (Paul and Meyer, 2001; Chadwick et al., 2006;
Grimm et al., 2008). It is generally uncontrolled, and
wastewater management remains very scarce due to the lack
of appropriate infrastructures, the lack of expertise and
insufficient funding of wastewater treatment (Wang et al.,
2014; Edokpayi et al., 2017). Owing to those constraints,
wastewaters are often discharged into rivers, resulting in
pollution that damages the aquatic community, causes
biocenotic disturbances, poisoning and even the extinction
of certain species (Owa, 2013; Edokpayi et al., 2017). Despite
this urgent concern, studies dealing about African rivers
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remain very scarce in Tropical Africa and the expected
responses of invertebrate communities are largely depending
on knowledges collected in other part of the world (Kaboré
et al., 2022) and were rarely supported by studies in African
rivers. For instance, responses of African EPT to rising
temperature is not the same in Cameroon than in developed
countries (Chinche et al., 2023). One of the consequences of
this situation is that responses of African macroinvertebrates to
wastewater remains largely unknown.

To fill this gap, we assessed the effect of urban wastewaters
on the macroinvertebrate community of the upper Ouémé
Basin in Benin. The Ouémé River � the largest river in Benin
and an important water resource for human activities � is
under the influence of domestic effluents (wastewater, laundry,
machine washing and dish washing), agricultural (pesticides
and fertilisers) and industrial (wastewater from sugar and spirit
manufacturing plants) (Atinkpahoun et al., 2020). In the last
decade, a greater concentration of people has been observed
along the watersheds of the Upper Ouémé River, displaced by
the arid climate and unemployment outside cities (1,364,353
inhabitants; INSAE, 2022). Thus, ecosystems are being altered
not only along the main river but also along its tributaries.

Based on previous studies in developed countries (Paul and
Meyer, 2001; Dodds and Smith, 2016) and in tropical rivers in
South America (Tromboni and Dodds, 2017; Cerqueira et al.,
2020), we predicted firstly a significant increase of nutrient
concentrations in urban areas. Secondly, we expected a
modification of the macroinvertebrate community, i.e.,
decreased biodiversity (Peralta et al., 2020), an altered
composition (Sterling et al., 2016) and ecosystem functioning
(Yule et al., 2015). However, we expected macroinvertebrate
communities to respond less strongly in Africa, given that the
percentage of sensitive species (i.e. EPT) is lower in this part of
the world. Thirdly, gradually reduced impacts of urbanization
downstream of the wastewater inputs due to the self-purification
ability of rivers and according to the distance from the
wastewater input, and finally a higher impact of wastewaters
during thedry season(OnwonaKwakyeetal., 2021) asa result of
reduced water volume and more concentrated pollutants.

2 Materials and methods

2.1 Study area and sampling stations

The study was carried out in the Ouémé Basin� the largest
river basin in Benin. The Ouémé River is located between
10°1’ N and 6°30’ N. It rises in the Tanéka Mountains in the
north of the country in the department of Donga and flows to
the south where it feeds the lagoon system of Lake Nokoué and
the lagoon of Porto-Novo. Its basin occupies an area of 50,000
km2 and its main course is 510 km long. It is divided into two
parts: the Upper Ouémé and the Lower Ouémé. The upper
reaches of the Ouémé River, to which our study relates, are
bounded by the hydrometric station of the Savè Bridge to
the south, by the Pendjari Basin and the Atacora Chain to the
northwest, and by the Niger Basin in the northeast. They are
exposed to the dry Sudanian climate located between latitudes
9° and 12°N, where rainfall varies from 900 to 1100 mm ∙ yr�1,
and to the Sudano-Guinean climate located between 8° and 9°
N, where rainfall varies from 1000 to 1200 mm ∙ yr�1. The
population density in this part of Benin has increased from 33
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inhabitants per km2 in 2002 to 61 inhabitants per km2 in 2022.
However, the inhabitants of the Upper Ouémé are concentrated
along the main tributaries of the Ouémé River in cities ranging
from 16,096 to 267,812 inhabitants (Parakou, the largest city in
the north of the country) (INSAE, 2022).

We selected five rivers in the study area (Affon, Donga,
Okpara, Ouémé and Klou) according to the presence of cities
along the watershed and the presence of natural areas upstream
(Fig. 1). For each river, six stations were considered (Tab. 1):
two control stations located 100 to 1200m upstream of urban
discharges, two stations at the main wastewater discharge
point, and two stations 50–300m downstream of urban inputs.

2.2 Abiotic typology of the sampling stations in
response to wastewater inputs

The following physical and chemical variables were
measured at each sampling station directly in the field between
8 a.m. and 12 p.m. in the dry season (February) and in the rainy
season (June): water temperature, total dissolved solids (TDS)
and electrical conductivity were measured using a portable
multi-parameter (HANNA, HI 99300); pH was measured with
a pHmeter (HANNA, HI 98107), and water depth with a
graduated ruler. Additional water samples were collected for
other analyses at each station, using sterile bottles. These
bottles were labelled and stored at 4 °C in a cooler containing
ice, and transported to the Laboratory of Ecology, Health and
Animal Production (LESPA) of the University of Parakou the
same day. In the laboratory, the water samples were used the
following day to measure the biological oxygen demand
(BOD5), the chemical oxygen demand (COD), nitrites (NO2–),
orthophosphates (PO4

3–) and ammonium (NH4þ) concen-
trations according to adapted methods (APHA, 2005).

2.3 Macroinvertebrate sampling

MacroinvertebrateswerecollectedusingaSurbernet sampler
(0.05m2 and 500mm mesh size). Samples were collected using
the standardized French multi-habitat sampling protocol (Multi-
Habitat Sampling, norm XP T 90-333) (AFNOR, 2009): 12
samples per site and per season (one sampling period in the dry
and wet seasons) were collected according to the relative
coverage and fauna-hosting capacity of the substrates. The
samples were preserved in 90° ethanol in labelled bottles and
transported to the laboratory. In the laboratory, macroinverte-
brates were sorted, counted and identified using an Olympus
SZX10 stereomicroscope down to the family level except the
phylum Nemathelminths, the class Oligochaeta and the order
Hydracarina, using several keys (McCafferty, 1983; Durand and
Lévêque, 1981; Moisan, 2010; Tachet et al., 2010).

2.4 Data analysis

Biological metrics � including taxon richness and the
Shannon diversity index � were calculated to describe macro-
invertebrate communities. Other indices such as % Ephemer-
optera, Plecoptera and Tricoptera (%EPT), %Chironomidae, %
Diptera and the EPT/Chironomidae ratio were applied to
determine biological integrity at each station. A principal
component analysis (PCA)was performed to provide a typology
f 11



Fig. 1. Map of the Ouémé Basin showing the urban wastewater
discharge points and the sampling locations.
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of stations based on the water quality. A mixed model ANOVA
with “location” and “season” as fixed factors and a “river” factor
nested in “location” was run to test the variability of the indices
across seasons and locations, and Tukey’s HSD test was used
for pairwise comparisons. The analyses (PCA and ANOVAs)
were carried out using Statistica 7 software (StatSoft).

Indicator species analysis was used to identify indicator
taxa representing each station (Dufrêne and Legendre, 1997).
This analysis calculates an indicator value (IndVal) for each
taxon in each group based on its relative abundance and
relative frequency in the samples. IndVal values range from 0
(“no indication” status) to 100 (“perfect indication” status)
(Petersen and Keister, 2003). P-values indicate the significance
of indication for each taxon. IndVal was run using the function
Indval in R software version 4.1.2 (R Core Team, 2022) using
the package labdsv (Roberts, 2016).

3 Results

3.1 Abiotic typology of the sampling stations in
response to wastewater inputs

The PCA results are depicted in Figure 2. PCA axis 1 and
axis 2 explained 44.9% and 19.4% of the variance of the
physicochemical variables, respectively. PC1 was mainly
explained by COD (17.1%), electrical conductivity (16.2%),
ammonium (14.9%) and nitrite (12.3%) concentrations, and
BOD5 (13.7%). PC2 was mainly supported by the water depth
(41.3%)andwater transparency (40.3%) (Fig. 2a).The impacted
stationswere strongly correlatedwith PC1, and characterized by
high values of ammonium, conductivity, BOD5, COD, and
nitrites (Fig. 2b). The stations located downstream were
characterizedby relativelyhighvaluesofdepthand transparency
(Fig. 2b). Finally, the control stations were characterized by
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lower values of all parameters than the other stations (Fig. 2b).
Finally, the seasonal effect was depicted by PC1: most
parameters increased during the dry season, except water depth
that increased during the wet season (Fig. 2c, Tab. 2).

All physicochemical variables, except for pH, differed
significantly between the control and the impacted stations
(Tab. 3) and differences decreased significantly in downstream
stations (Tab. 3).

3.2 Responses of macroinvertebrate communities to
wasterwater effluents

Thirty-one thousand, two hundred and one (31,201)
macroinvertebrates were counted, and 62 taxa were identified
(Tab. 4). Macroinvertebrates included five phyla: Arthropods
(86.4%), Annelids (8.2%), Molluscs (4.2%), Nemathelminths
(1%) and Plathelminths (0.2%). The class of Insects was most
abundant (86.3% of the total number) and most diversified,
with 7 orders and 48 families.
3.3 Responses of diversity indices

Taxonomic richness (Fig. 3a) varied significantly along
rivers (F8,702= 4.15; P < 0.0001), locations (F2,702 = 25.92;
P < 0.0001) and seasons (F1,702 = 78.15; P < 0.0001). The
taxonomic richness was lowest at Affon and Okpara rivers,
while the Donga and Oueme rivers were the richest rivers and
Klou River intermediate. Moreover, the taxonomic richness of
the impacted stations (13.4 ± 3.9) was significantly lower than
that of the control stations (21.2 ± 5.2) and intermediate in the
downstream stations (15.7 ± 3.9; P < 0.0001). Significant
interactions among factors (Fig. 3a; F2,702 = 8.08; P = 0.0003)
indicated that the effect of wastewater was stronger during the
wet season than during the dry one. The percentage of richness
recovered between the impacted station and the downstream
station ranged between 5% in the Klou River to 25.6% in
theDongaRiver.However, the recoverywasnot correlatedneither
to the distance between the two stations (spearman correlation
P=0.105) nor with the diversity of the river in the control or
impacted stations (P=0.747 and P=0.624, respectively).

The Shannon diversity index (Fig. 3b) had a similar pattern
to that of taxonomic richness and varied significantly along
rivers (F8,702 = 2.36; P= 0.016) and locations (F2,702= 128;
P < 0.0001). However, there was no significant effect of
“season” (F1,702 = 3.437; P= 0.064) or of the “season”�
“location” interaction (F2,702= 1.7; P = 0.183). As for taxo-
nomic richness, the values of the Shannon index were lowest at
Affon and Okapara rivers.
3.4 Macroinvertebrate metrics used to assess
biological integrity

Three families had significant indicator values for the
control upstream stations: the Ephemeroptera Caenidae
(IndVal = 0.84; P = 0.001), Baetidae (IndVal = 0.63;
P = 0.001), and Ephemerellidae (IndVal = 0.54; P = 0.001).
In the impacted stations, only the Chironomidae
family (Diptera) (IndVal = 0.52; P = 0.001) was considered
as an indicator taxon. The Odonata families Libellulidae
f 11



Table 1. Description of the sampling stations.

River Station Geographic coordinates Main type of impacts

Affon River

Upstream 1 09°51"21"N ; 01°32"34"E –
Upstream 2 09°52"39"N ; 01°31"00"E –
Urban 1 09°52"47"N ; 01°30‘88"E Deposit of wastewater from vehicles washing and industrial unit
Urban 2 09°53’88"N ; 01°47"47"E Domestic, market and industrial unit wastewater discharge; storm

water and laundering
Downstream 1 09°57"53"N ; 01°51"42"E Bathing and fishing
Downstream 2 09°56"57"N ; 01°50"53"E Downstream of the pollution sources

Klou River

Upstream 1 08°07"20"N ; 02°08"01"E –
Upstream 2 08°00"83"N ; 02°06"91"E –
Urban 1 07°53"25"N ; 02°06"04"E Discharge of effluent from the plant
Urban 2 07°53"24"N ; 02°06"18"E Discharge of effluent from the plant
Downstream 1 07°53"19"N ; 02°05"99"E Downstream of the effluent ; no human activity
Downstream 2 07°53"24"N ; 02°06"16"E Downstream of the effluent ; no human activity

Okpara River

Upstream 1 09°16"90"N ; 02°44"24"E –
Upstream 2 09°16"91"N ; 02°44"25"E –
Urban 1 09°19"29"N ; 02°38"19"E Deposit of wastewater from houses, vehicles washing, market and

industrial unit and storm water
Urban 2 09°19"45"N ; 02°38"26"E Domestic and industrial units and wastewater discharge
Downstream 1 09°19"80"N ; 02°37"72"E Downstream of the effluent ; no human activity
Downstream 2 09°20"68"N ; 02°38"86"E Sand dredging

Donga River

Upstream 1 09°42"53"N ; 01°58"54"E –
Upstream 2 09°42"54"N ; 01°09"21"E –
Urban 1 09°43"40"N ; 01°40"32"E Deposit of wastewater from vehicles washing and wastewater
Urban 2 09°42"53"N ; 01°58"54"E Market and industrial unit wastewater discharge; Storm water and

laundering
Downstream 1 09°42"54"N ; 01°09"21"E Downstream of the pollution sources
Downstream 2 09°43"40"N ; 01°40"32"E Sand dredging

Ouémé River

Upstream 1 08°00"23”N ; 2°22"39”E –
Upstream 2 08°00"22"N ; 2°22"38"E –
Urban 1 08°03"38"N ; 2°22"33"E Deposit of industrial wastewater
Urban 2 08°03"39”N ; 2°22"34"E Deposit of industrial wastewater
Downstream 1 08°04"28”N ; 2°22"13"E Downstream of the effluent; no human activity
Downstream 2 08°04"27”N ; 2°22"12"E Bathing and fishing
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(IndVal = 0.53; P = 0.005) and Lestidae (IndVal = 0.53;
P = 0.004) were the best indicators taxa in the downstream
stations.

The percentage of EPT (Fig. 4) and the EPT/Chironomidae
ratio were higher in the control stations, upstream of the
wastewater inputs (F2,702 = 174; P < 0.001 and F2,702 = 102;
P < 0.001, respectively). On the contrary, the percentages
of Diptera (Fig. 4) and Chironomidae (Fig. 4) were higher
in the impacted and downstream stations (F2,702 = 146;
P < 0.001 and F2,702 = 119; P < 0.001, respectively), but
significantly decreased in the downstream stations
compared to the impacted stations (P-values < 0.0001). The
%EPT tended to increase downstream (P = 0.062), but the
EPT/Chironomidae ratio was similar in the impacted and
the downstream stations (P = 0.32). Finally, the “season”
effect was only significant for the EPT/Chironomidae
ratio (F2,702 = 27.9; P < 0.001 and %Diptera (F2,702 = 20.7;
P < 0.001), but remained similar for %EPT and %
Chironomidae (F2,702 = 3.0; P = 0.084 and F2,702 = 0.01;
P = 0.938, respectively).
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4 Discussion

4.1 Effects of urban wastewaters on water
physicochemical parameters

The study of the physicochemical quality of the water of
the Ouémé Basin showed that the parameters varied according
to the season and the location. The highest values of most
parameters (ammonium, conductivity, BOD5, COD, nitrite,
pH, orthophosphates, TDS and temperature) were recorded
during the dry season. The lower values recorded during the
wet season can be explained by the dilution effect of rainfall,
confirmed by the increased water depth during the wet season.
Another possible explanation may be the leaching effect of
rains during the wet season, which can explain the low
transparency recorded in the wet season (Onwona Kwakye
et al., 2021). However, the leaching of larger particles such as
organic matter, dissolved solids, leaching of soil contaminant
and point source water pollution discharged from industrial or
wastewater treatment facilities at the beginning of the rainy
f 11



Fig 2. Results of the principal component analysis (PCA) of the environmental parameters of 30 stations. (a) Correlation circle showing
correlations among the 11 environmental parameters (Cond. electrical conductivity; Transp. transparency). (b) Distribution of the barycentres of
each location (coloured circles); solid lines link the station to each location and each season to the corresponding location. (c) Distribution of the
barycentres of each season; solid lines link the station at each location to the corresponding season.
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season can also clean up the urban environment and reduce the
amount of pollutants to be transported later in the rainy season
and also contribute to the decrease of organic pollutant in this
season. Most parameters had the highest values at the impacted
stations located near the wastewater inputs. The high values of
electrical conductivity, TDS, pH, nutrients, COD, and BOD5

recorded at the impacted stations are indicators of gross
pollution and of the organic loads that characterized those
stations. Other studies with similar site conditions yielded
similar results (Tchakonté et al., 2015; Arimoro et al., 2015;
Ngoay-Kossy et al., 2018; Peralta et al., 2020). These high
values reflect strong anthropization linked to urban waste-
waters directly discharged into the river, especially during the
dry season when they are less diluted. The BOD5 (ranged from
58 to 110mgL�1) and ammonium concentrations (until
9.7mgL�1) measured at the impacted stations were far above
the acceptable limit (5 and 3mgL�1, respectively) for drinking
water according to the World Health Organization (WHO,
2017), confirming the existence of organic pollution even on
our control stations. Our values are also well above those
previously recorded in polluted rivers in West Africa (18.7 and
1.45mgL�1 in Onwona Kwakye et al., 2021; 1.65 and
1.45mgL�1 in Keke et al., 2021; 20mgL�1 for BOD in
Tampo et al., 2021) and confirm a strong impact of urban water
on river ecosystem in the Oueme Basin.
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The intermediate values of the physicochemical parame-
ters and the greater water transparency observed at the
downstream stations indicate either a dilution/sedimentation of
pollutants but might also indicate some self-purifying capacity
of the rivers because the nutrient concentrations in the water
have different profiles between the impacted stations and the
stations downstream. For example, the phosphorus concentra-
tion is halved, while the nitrate content is divided by 13. Water
temperature was also impacted by human activities: it varied
along all the rivers studied. The increase in temperature from
the control stations to the downstream stations may be
attributed to intense human activities lightening the canopy
stations by exposing them to strong insolation (Webb and
Zhang, 2004; Ngoay-Kossy et al., 2018).

4.2 Responses of the macroinvertebrate community
to wastewater inputs

Eight classes of macroinvertebrates were identified, among
which Insects, Oligochaeta and Gastropods were predominant.
This dominance is in agreement with previous studies on
macroinvertebrates inBenin (Koudenoukpo et al., 2017;Chikou
et al., 2018; Abahi et al., 2020), the Central African Republic
(Ngoay-Kossy et al., 2018), Ivory Coast (Camara et al., 2014),
and Nigeria (Arimoro, 2009). The macroinvertebrate
f 11



Table 2. Mean values ± SD of the physical and chemical parameters according to locations and seasons (Cond.: electrical conductivity; Transp.:
Transparency; Temp.: Temperature).

River Station Season NH4
þ Cond BOD5 COD NO2

– NO3
– pH PO4

3– Depth Transp. Temp

Affon

Control
Dry 0.1 ± 0.0 26 ± 2 16.1 ± 1.4 30 ± 6 0.0 ± 0.0 0.0 ± 0.0 7.7 ± 0.3 1.0 ± 0.0 9.5 ± 1.7 9.5 ± 1.3 26.7 ±0.4
Wet 0.0 ± 0.0 19 ± 2 13.6 ± 0.6 19 ± 1 0.0 ± 0.0 0.0 ± 0.0 7.7 ± 0.3 1.0 ± 0.0 9.5 ± 1.7 9.5 ± 1.7 26.1 ±1

Impacted
Dry 1.0 ± 0.0 362 ± 10 102 ± 14.6 194 ± 14 0.0 ± 0.0 0.1 ± 0.0 7.9 ± 0.4 10.2 ± 0.6 11.5 ± 2.3 10.5 ± 1.9 27.4 ±1.4
Wet 0.8 ± 0.1 239 ± 5 73 ± 5.2 121 ± 9 0.0 ± 0.0 0.1 ± 0.0 7.8 ± 0.4 7.8 ± 0.7 12.0 ± 2.3 12 ± 2.3 26.6 ±1.6

Downstream
Dry 0.8 ± 0.1 217 ± 6 77.5 ± 16.3 139 ± 34 0.0 ± 0.0 0.0 ± 0.0 8.2 ± 0.4 0.8 ± 0.1 14.5 ± 1.7 14 ± 1.2 28.7 ±0.4
Wet 0.0 ± 0.0 188 ± 15 52.8 ± 6.2 102 ± 5 0.0 ± 0.0 0.0 ± 0.0 8.0 ± 0.2 0.7 ± 0.1 15 ± 2.3 15 ± 2.3 27.5 ±0.6

Donga

Control
Dry 0.1 ± 0.0 30 ± 7 11.5 ± 1.3 26 ± 5 0.0 ± 0.0 0.0 ± 0.0 7.9 ± 0.5 1.4 ± 0.4 13 ± 3.8 11.3 ±2.5 28.1 ±0.4
Wet 0.1 ± 0.0 31 ± 23 9.5 ± 1.3 16 ± 2 0.0 ± 0.0 0.0 ± 0.0 7.2 ± 0.1 0.2 ± 0.1 14 ± 1.2 14 ± 1.2 25.9 ±0.1

Impacted
Dry 1.29 ± 0.1 524 ± 103 95 ± 12.8 235 ± 7 0.0 ± 0.0 0.2 ± 0.0 7.5 ± 0.5 11.6 ± 2.1 17 ± 0.8 12.8 ± 4.1 29.0 ±0.5
Wet 1.3 ± 0.0 263 ± 13 58 ± 9.8 125 ± 15 0.0 ± 0.0 0.1 ± 0.0 7.4 ± 0.4 5.3 ± 0.0 18 ± 0.0 18 ± 0.0 27.6 ±0.3

Downstream
Dry 0.8 ± 0.1 310 ± 69 77.5 ± 3.7 203 ± 13 0.0 ± 0.0 0.0 ± 0.0 8 ± 0.4 6.2 ±1.0 20.6 ± 0.5 22.5 ± 7.7 29.2 ±0.5
Wet 0.2 ± 0.0 163.8 ± 8 45.5 ± 7.6 100 ± 3 0.0 ± 0.0 0.0 ± 0.0 7.6 ± 0.2 2.6 ± 0.0 30.3 ± 6.2 30.3 ± 6.2 28.7 ±0.1

Klou

Control
Dry 0.3 ± 0.3 102.0 ± 8 8.8 ± 0.5 17 ± 2 0.0 ± 0.0 0.0 ± 0.0 8.2 ± 0.1 2.7 ± 0.6 10.5 ± 3.8 10.5 ± 3.8 29.2 ±0.8
Wet 0.1 ± 0.1 97.5 ± 5 5.3 ± 0.4 11 ± 1 0.0 ± 0.0 0.0 ± 0.0 7.5 ± 0.5 0.2 ± 0.0 12 ± 4.5 12 ± 4.5 25.1 ±0.2

Impacted
Dry 1.3 ± 0.2 347 ± 7 75.7 ± 3.8 331 ± 65 0.3 ± 0.0 0.4 ± 0.0 8.8 ± 0.1 16.1 ± 0.3 16.3 ± 3.5 16.3 ± 3.5 31.2 ±0.3
Wet 0.5 ± 0.0 282 ± 12 62 ± 4.6 236 ± 51 0.1 ± 0.0 0.2 ± 0.0 7.3 ± 0.5 5 ± 0.4 16.3 ± 4.6 16.3 ± 4.6 27.4 ±1.2

Downstream
Dry 0.8 ± 0.1 319 ± 2 48.5 ± 8.0 149 ± 40 0.1 ± 0.0 0.3 ± 0.1 8.3 ± 0.2 8.3 ± 0.6 24.3 ± 4.4 24.3 ± 4.4 32.2 ±0.7
Wet 0.4 ± 0.1 238 ± 22 32.0 ± 1.2 84 ± 4 0.0 ± 0.0 0.0 ± 0.0 7.2 ± 0.3 2.9 ± 0.7 32 ± 2.2 32 ± 2.1 29.0 ±0.6

Okpara

Control
Dry 0.1 ± 0.0 62 ± 9 18.1 ± 1.3 33 ± 4 0.0 ± 0.0 0.3 ± 0.1 7.9 ± 0.7 1.4 ± 0.4 12.3 ± 1.7 9.75 ± 1.70 25.9 ±0.7
Wet 0.1 ± 0.0 41 ± 7 13.1 ± 2.5 27 ± 3 0.0 ± 0.0 0.2 ± 0.1 6.9 ± 0.3 1 ± 0.2 16.3 ± 2.9 16.3 ± 2.80 19.4 ±0.3

Impacted
Dry 4.9 ± 0.8 792 ± 58 110.6 ± 8.1 255 ± 17 0.3 ± 0.0 0.4 ± 0.3 8.3 ± 0.6 16.8 ± 2.1 16.6 ± 1.8 14.8 ± 2.4 27.2 ±0.6
Wet 1.9 ± 0.1 642 ± 8 99.7 ± 3.6 229 ± 9 0.2 ± 0.0 0.3 ± 0.2 7.3 ± 0.4 6.4 ± 1.3 19.8 ± 0.6 19.7 ± 0.7 25.5 ±0.4

Downstream
Dry 2.1 ± 0.3 422 ± 25 80.4 ± 5.0 150 ± 4 0.1 ± 0.0 0.6 ± 0.2 7.6 ± 0.3 12.9 ± 1.8 25.5 ± 2 22 ± 2.7 29.90 ±1.1
Wet 0.8 ± 0.0 308 ± 0.3 53.7 ± 6.5 112 ± 13 0.0 ± 0.0 0.4 ± 0.2 7.3 ± 0.5 3.2 ± 0.5 34 ± 0.4 33.8 ± 0.3 28.54 ±0.5

Oueme

Control
Dry 0.8 ± 0.1 77 ± 10 11.7 ± 0.6 24 ± 2 0.1 ± 0.0 0.0 ± 0.0 7.7 ± 0.1 0.8 ± 0.1 12 ± 1.8 11.8 ± 1.7 28.37 ±0.8
Wet 0.1 ± 0.0 65 ± 17 8.2 ± 0.4 19 ± 5 0.0 ± 0.0 0.0 ± 0.0 7.3 ± 0.1 0.2 ± 0.0 20.5 ± 1.9 20.5 ± 1.9 26.85 ±1.3

Impacted
Dry 9.7 ± 0.9 765 ± 72 101 ± 5.8 420 ± 39 1.1 ± 0.1 64 ± 5 8.9 ± 0.7 2.2 ± 0.2 16.5 ± 1.7 16 ± 1.8 29.97 ±0.6
Wet 1.3 ± 0.1 252 ± 15 80.1 ± 10.4 322 ± 44 0.7 ± 0.1 42 ± 0.2 7.2 ± 0.1 1.2 ± 0.2 20.8 ± 1.7 20.8 ± 1.7 27.15 ±0.5

Downstream
Dry 1.5 ± 0.1 322 ± 60 12.7 ± 0.8 37 ± 4 0.3 ± 0.0 5.1 ± 0.8 7.1 ± 0.1 1.7 ± 0.1 21.3 ± 1.3 19.3 ± 2.6 30.40 ±0.8
Wet 0.2 ± 0.0 105 ± 10.0 9.5 ± 0.5 33 ± 7 0.2 ± 0.0 1.2 ± 1.1 7.5 ± 0.3 0.4 ± 0.3 21 ± 2.6 21 ± 2.6 28.45 ±0.2

Table 3. Mean values ± SD of the physical and chemical parameters according to locations and seasons. Letters results of Wilcoxon and
Kruskal-Wallis tests on “season” and “location”, respectively.

Season Location
Parameters Dry Wet Control Impacted Downstream

Temperature (°C) 28.9 ± 1.8a 26.7 ± 2.4b 26.2 ± 2.7a 27.9 ± 1.8b 29.3 ± 1.4c

pH 8.0 ± 0.6a 7.4 ± 0.4b 7.6 ± 0.5a 7.8 ± 0.7a 7.7 ± 0.5a

Transparency (cm) 15.0 ± 5.6a 19.4 ± 7.6b 12.5 ± 4.1a 15.7 ± 4.0b 23.4 ± 7.3c

Depth (cm) 16.1 ± 5.3a 19.4 ± 7.7b 13.0 ± 4.0a 16.5 ± 3.5b 23.8 ± 6.9c

Conductivity (mS/cm�1) 312 ± 240a 196 ± 154b 55 ± 30a 447 ± 212b 259 ± 94c

BOD5 (mgO2 L
�1) 56.5 ± 38.9a 41.1 ± 30.0b 11.6 ± 3.8 a 85.7 ± 19.2b 49.0 ± 25.2c

COD (mgL�1) 150 ± 124a 104 ± 93b 22 ± 7a 247 ± 93b 111 ± 53c

NH4
þ (mgL�1) 1.7 ± 2.5a 0.5 ± 0.2b 0.2 ± 0.0 a 2.4 ± 1.8 b 0.8 ± 0.6 a

NO3– (mgL�1) 4.8 ± 1.1 a 3.0 ± 0.6 b 0.0 ± 0.1a 10.8 ± 2.1b 0.8 ± 0.1a

PO4
3– (mgL�1) 6.3 ± 5.8a 2.5±2.5b 1.0 ± 0.8a 8.2 ± 5.2b 4.0 ± 3.9c

NO2
– (mgL�1) 0.2 ± 0.0a 0.1 ± 0.0b 0.0 ± 0.0a 0.3 ± 0.1b 0.1 ± 0.0a
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communityof theOuéméBasinwasdominatedbyDiptera.They
were present at all stations, andmore so at the impacted stations,
while EPT were only abundant at the control stations free of
urban wastewater pollution. Similar works carried out in
Burkina-Faso (Kaboré et al., 2015; 2022), Ghana (Onwona
Kwakye et al., 2021); Nigeria (Arimoro et al., 2015; Ibezute
et al., 2016; Keke et al., 2021) and Togo (Tampo et al., 2021)
indicated a decline of EPT diversity and better adaptation of
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Diptera to pollution. Chironomidae, Ceratopogonidae
and Simuliidae were very abundant at the impacted and
downstream stations, and sowereOligochaeta. These results are
typical of anthropised rivers in Africa whose main sources of
pollution are domestic and industrial wastewaters (Arimoro
et al., 2015; Camara et al., 2014; Ibezute et al., 2016; Ngoay-
Kossy et al., 2018; Tampo et al., 2021; Keke et al., 2021). The
preponderance of these pollution-tolerant taxa indicates a
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Table 4. Total and relative (RA) abundances of macroinvertebrates at each station.

Station
Classes / Orders Families Control Impacted Downstream RA (%)

Arachnida
Hydracarina – 17 11 19 0.15
Insect

Coleoptera

Dytiscidae 58 54 52 0.53
Elmidae 11 6 4 0.07
Gyrinidae 43 16 7 0.21
Hydraenidae 15 13 10 0.12
Hydrophilidae 36 8 17 0.20
hydrophiloidae 0 3 0 0.01
Staphylinidae 37 10 9 0.18

Diptera

Ceratopogonidae 242 926 639 5.79
Chaoboridae 8 18 11 0.12
Chironomidae 2248 9375 6481 58.02
Culicidae 65 69 92 0.72
Empididae 12 6 3 0.07
Ephydridae 12 6 5 0.07
Foncipomyine 1 0 0 0.00
Psychodidae 0 4 0 0.01
Sciomyzidae 3 6 9 0.06
Simuliidae 149 369 425 3.02
Stratiomyidae 2 0 0 0.01
Syrphidae 1 2 8 0.04
Tabanidae 9 34 15 0.19

Ephemeroptera

Ameletidae 4 0 0 0.01
Baetidae 105 6 22 0.43
Caenidae 234 3 29 0.85
Ephemerellidae 140 27 13 0.58
Ephemeridae 79 0 8 0.28
isonychiidae 66 5 12 0.27
Leptohyphidae 92 25 2 0.37
Leptophlebiidae 223 5 25 0.81
Potamanthidae 42 0 0 0.13
Tricorytidae 7 0 0 0.02

Heteroptera

Belostomatidae 6 0 0 0.02
Corixidae 29 21 53 0.33
Gerridae 11 11 29 0.16
Mesoveliidae 21 36 20 0.25
Naucoridae 3 0 8 0.04
Notonectidae 33 36 98 0.54
Veliidae 52 46 63 0.52

Odonata

Aeschnidae 8 47 23 0.25
Calopterygidae 5 0 1 0.02
Gomphidae 94 208 159 1.48
Lestidae 107 145 357 1.95
Libellulidae 83 167 363 1.96

Plecoptera
Perlidae 30 0 0 0.10
Perlodidae 19 0 0 0.06

Trichoptera

Dipseudopsidae 8 0 0 0.03
Hydropsychidae 973 277 524 5.69
Hydroptilidae 10 0 0 0.03
Leptoceridae 9 0 2 0.04
Limnphilidae 2 0 0 0.01

Bivalvia

Eulamellibranchia
Unionidae 2 1 1 0.01
Sphaeriidae 4 49 35 0.28

Gastropoda

Mesogastropoda

Bithyniidae 21 67 6 0.30
Hydrobiidae 31 67 16 0.37
Viviparidae 3 70 45 0.38

Basommatophora
Lymnaeidae 38 66 163 0.86
Physidae 79 237 171 1.56
Planorbidae 5 104 29 0.44

Oligochaeta – 286 1447 693 7.78

Hirudinae
Rhynchobdellida Glossiphoniidae 23 76 43 0.46
Nematoda – 21 172 116 0.99
Turbellaria
Tricladida Planariidae 9 31 11 0.16
Total 5894 14363 10944 100

RA: Relative abundance.
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Fig. 3. Mean values ± SE of taxonomic richness (a) and the Shannon diversity index (b) according to “location”. “season” and “river”. Letters
indicate significant differences from pairwise Tukey’s HSD tests.
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significant inputoforganicmatter resulting fromthedischargeof
wastewaters from households, slaughterhouses, vehicle wash
centres and industrial units into rivers (Camara et al., 2014;
Arimoro et al., 2015; Ibezute et al., 2016).

4.3 Responses of diversity indices to wastewater inputs

Sixty-two taxa of macroinvertebrates were identified in
the study, with mean values of 21, 16 and 13 taxa at the
control, downstream and impacted stations, respectively.
Page 8 o
Macroinvertebrate diversity decreased in the stations impacted
by wastewater. The low taxonomic richness at the impacted
stations was a consequence of the profound degradation of
their ecological state. The decrease partially confirmed our
second prediction, and had already been reported in Nigerian
(Arimoro et al., 2015; Ibezute et al., 2016) and Zimbabwean
(Mwedzi et al., 2020) urban areas. However, contrary the
second part of our expectation, we also validated a strong
responses for sensitive taxa such as EPT which strongly
decreased in the impacted and downstream stations. This result
f 11



Fig. 4. Mean values ± SE of biological integrity assessment metrics. Letters indicate significant differences from pairwise Tukey’s HSD tests.

K.S. Abahi et al.: Int. J. Lim. 2024, 60, 7
confirms that EPT are sensitive to pollution in the same way in
Africa as in other parts of the world (Barbour et al., 1999; Bode
et al., 2002; Moisan et al., 2013).

Interestingly, macroinvertebrate diversity was significantly
higher in the downstream stations than in impacted stations,
suggesting resilient communities. However, resilience varied
strongly among rivers, but, contrary to our third prediction, it
did not vary significantly with the distance between the
impacted and downstream stations: the resilience ability was
one of the highest in the Affon River (24.5% of taxa lost in
impacted station and recovered in the downstream station)
although the distance between the impacted and downstream
stations was the shortest (95m). Moreover, the resilience of the
Klou River was the lowest (only 5% of taxa recovered)
whereas the distance between the impacted and downstream
stations was the greatest (381m). These results suggest that
local factors (discharge, community composition, type of
wastewater) are crucial for the resilience of the macro-
invertebrate communities, or that maybe additional sources of
pollution between the impacted and the downstream stations
remained unidentified in some rivers.

Despite higher pollutant concentrations during the dry
season due to a reduced water volume, the impact of
wastewaters on macroinvertebrates was greater during the
wet season. Several reasons can explain such a pattern. First,
the concentrations of pollutants during the wet season are
lower than in dry season but high enough to alter biological
Page 9 o
communities (e.g. the values of DBO5 were very high in wet
and dry seasons, even in control stations). Moreover, the
concentrations measured at the downstream stations remained
above those of polluted sites in other studies (Arimoro et al.,
2015; Tchakonté et al., 2015; Ibezute et al., 2016). Secondly,
the increased runoff and discharge during the wet season may
also increase the washing off of domestic (e.g. detergent) and
industrial (e.g. PCBs, PAHs, heavy metals) pollutants not
measured in this study but likely produced in urban environ-
ments (Tchakonté et al., 2015). Thirdly, the greater macro-
invertebrate diversity during the wet season probably
increased the number of sensitive species, whereas pollu-
tion-tolerant taxa are generally present round the year, even if
the %EPT remained similar across seasons.
5 Conclusion

This study reveals that the stations polluted by urban
wastewaters are physically, chemically and biologically
degraded. The discharge of urban wastewaters into the rivers
of the upper Ouémé basin has degraded the water quality to a
point that it does not meet the requirements of the World
Health Organization. This result is important because
water from rivers is used by local people without prior
treatment for different purposes, including drinking water.
The degradation of the water quality decreases taxonomic
f 11
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richness: pollution-tolerant taxa thrive, while sensitive taxa
are scarce. The alteration of the water quality was more
visible during the dry season because pollutants were more
concentrated in reduced water volumes, but the impact on the
biological community seemed stronger during the wet season.
Finally, we observed a good, highly variable self-purification
capacity in most rivers depending on local factors (e.g. type of
pollutant, discharge) rather than on the distance from the
wastewater input. Our study highlights that wastewater
management is crucial in Africa to improve the health of local
populations. It also argues in favour of the development of
adapted biomonitoring indexes of water quality to improve
the management of African rivers. Based on the results of this
study, managers and municipal officials are expected to apply
management measures that will improve the quality of
aquatic ecosystems, such as raising public awareness about
the risks of direct wastewater discharge into rivers, a formal
ban on the discharge of untreated wastewaters into rivers, and
the construction of operational and efficient wastewater
treatment plants in cities. The government is also expected to
have the pollution legislation applied in the country. Other
similar studies on other rivers in the country addressing each
category of pollution source would reinforce the results of
this study.
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