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Abstract: In Cameroon, the environmental profile is increasingly marked by anarchic urbanisation,
which is strongly illustrated by the discharge of waste into the aquatic environment, leading to
pollution. Indeed, the tributaries of the Mfoundi and Mefou river basins have nowadays become
dumping grounds and receptacles for all kinds of waste, leading to the degradation of water quality
and a reduction in biodiversity. This study aims to evaluate the effect of anthropogenic pressure on the
biodiversity of benthic macroinvertebrates in three rivers of the Mfoundi basin (Ebogo, Abiergue, and
Ako’o). For this purpose, some physicochemical parameters were measured according to standard
methods, and benthic macroinvertebrates were collected according to the multihabitat approach.
To this end, the physicochemical analyses revealed that the waters of these different streams are
slightly basic and poorly oxygenated, with a saturation rate of 9.725 ± 11.74% and significant organic
pollution. Biologically, a total of 5793 benthic macroinvertebrates divided into three phyla, eight
orders, and more than thirty families were collected, with a population dominated by the order of
insects and a low level of diversity dominated by pollutant organisms such as the Chironomidae,
Lumbriculidae, and Physidae, which are saprobionts and saprophilous organisms. A redundancy
analysis indicated that the main groups of benthic macroinvertebrates obtained were related to the
gradients of the physicochemical parameters measured. The Shannon–Weaver diversity and Piélou
equitability indexes showed the low diversity of the organisms within the different courses and
their low equipartition, mainly due to the saprobiont and saprophilous groups that dominate the
population. The exogenous inputs due to the increase in the population of the city of Yaoundé, which
dumps its waste into the waterways, have major repercussions on the quality of the water and the
population that abounds in this environment, particularly the benthic macroinvertebrates, which are
an important link in the monitoring of water quality.

Keywords: benthic macroinvertebrates; pollution; anarchic urbanisation

1. Introduction

The various United Nations summits and conferences on water and the environment,
including the one held in Brasilia in 2018 on the sixth Sustainable Development Goal [1],
have made the same observation, consistently highlighting the fragility and vulnerability
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of freshwater ecosystems, hence the need for the regular environmental monitoring of
surface waters using reliable indicators. Indeed, the ever-increasing urbanisation, which
is accompanied by exponential demographic growth, is the main factor in environmental
degradation, particularly of the degradation of hydrosystems. This leads to modifications
in the chemical, physical and hydrological properties of watercourses, which affect the
communities of algae, fish, and invertebrates [2–5]. In fact, anthropogenic activities are a
threat to the quality of water bodies [6]. However, freshwater (surface and groundwater),
which is involved in practically all human activities, represents less than 1% of the quantity
of water available on Earth. Thus, the survival of all humanity requires the protection and
proper preservation of this vital resource.

In Cameroon, and more particularly in the large metropolises, surface waters that
are often used as sources of drinking water and for watering market garden crops have
become receptacles for household waste, runoff, black water, and industrial waste that
increasingly degrade their quality. Numerous studies have been carried out in the poorly
anthropised waterways of the Yaoundé peri-urban area and have shown the very high
levels of the diversity and integrity of the benthic macrofauna [7,8] and significant organic
pollution, with a high level of dissemination of entomopathogenic amoeba cysts in the
urban environment [9,10]. Undeniably, the quality of watercourses is closely linked to the
activities carried out along the catchment area. The uncontrolled occupation of watercourses
is a source of disturbance to the aquatic environment. Therefore, the preservation of the
quality of these resources requires the evaluation of all its components. The examination
of this quality should not be limited to physicochemical and ecotoxicological approaches
alone but should integrate biological methods that can provide lasting solutions for the
general assessment of the quality of hydrosystems [11].

Biological methods involve the assessment of several groups, including benthic
macroinvertebrates, which are known to be good indicators of the health of aquatic ecosys-
tems [12,13]. Indeed, they integrate the cumulative and synergistic effects of physical,
biological, and chemical disturbances in watercourses [14]. They allow the real impacts
of pollution and alterations to the aquatic and riparian habitats on aquatic ecosystems to
be assessed. In addition, they are sensitive to chemical pollution, whether this is due to
excessive organic inputs or inputs of toxic chemicals that are not biodegradable or only
biodegrade with difficulty. All these characteristics make the use of benthic macroinver-
tebrates in surface water quality assessments favourable. The present study was carried
out in three rivers in the Mfoundi catchment area: the Ebogo, the Abiergue, and the Ako’o.
The main objective was to determine the effect of anthropogenic pressure on these different
rivers. The aim was to measure the physicochemical parameters and report on the quality
of the water in direct relation to the activities practised along the catchment areas in an
urban environment to identify the different species of benthic macroinvertebrates present
in the water and to determine the influences of the physicochemical parameters on the
macroinvertebrate population present.

2. Materials and Methods
2.1. Study Area

This study took place in the city of Yaoundé, the political capital of Cameroon. It is
located between 3◦90′ north latitude and 11◦50′ east longitude, at an altitude of 760 m. It
had an area of 18,000 hectares and a population of 2.766 million inhabitants in 2015. It
comprises 7 arrondissement communes and seven hills dominated by the Mbam Minkom
Mountains (1295 m above sea level) and Mount Nkolodom (1221 m above sea level) in
the north-western sector of the city and Mount Eloumden (1159 m above sea level) in the
south-west. The city of Yaoundé is watered by the Mfoundi and Mefou river systems,
whose catchment area extends over 96 km2. Three watercourses were the subject of this
study: the Ebogo, the Abiergué, and the Ako’o. Thus, 6 sampling stations were selected,
2 per river, taking into account the main sources of pollution (Figure 1). Table 1 presents
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the summary characteristics of the sampling stations. Sampling was carried out monthly
from April to September 2022.
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Figure 1. The catchment area of study, showing the different rivers and sampling stations.

Table 1. Summary characteristics of the different sampling stations.

Station Code Geographical
Coordinates

Altitude
(m)

Surrounding
Activities

Source of
Pollution

Ebogo1 (EB1) N: 03◦55′21.1′′

E: 011◦31′45.8′′ 714 Restaurant and garage Black water and household
waste

Ebogo2 (EB2) N: 03◦55′30.8′′

E: 011◦31′57.7′′ 708 Yaoundé Cashier’s Hospital,
garage, and laundry Sewage and rubbish

Abiergue1 (AB1) N: 03◦52′12.5′′

E: 011◦29′06.9′′ 727 Wastewater treatment plant Rubbish

Abiergue2 (AB2) N: 03◦52′11.1′′

E: 011◦27′14.5′′ 705 Vegetable growing Wastewater

Ako1 (AK1) N: 03◦52′39.0′′

E: 011◦32′22.9′′ 720 Dwellings Sewage, black water, and
household waste

Ako2 (AK2) N: 03◦52′20.8′′

E: 011◦31′50.3′′ 715 Industrial slaughterhouse Sewage, black water, and
household waste



Water 2023, 15, 2383 4 of 15

2.2. Analysis of Physicochemical Parameters

Water samples for physicochemical analyses were taken at the various stations, using
double-stoppered 1000 mL and 500 mL polyethylene bottles for laboratory analyses, while
other samples were measured directly on the water column using standard methods [15,16].
Electrical conductivity, TDS, pH, and temperature were measured in situ using a HANNA
HI 98130 multimeter. Dissolved oxygen levels were measured using a HANNA HI 9147
oximeter. In the laboratory, the nitrate (Trace2o Wagtech, United Kingdom), nitrite (Trace2o
Wagtech, United Kingdom), ammoniacal nitrogen (Trace2o Wagtech, United Kingdom),
and orthophosphate (Trace2o Wagtech, United Kingdom) contents were measured via
colorimetry using a Hydro Test HT1000 spectrophotometer, and the oxidizability was
measured via volumetry.

2.3. Collection and Identification of Benthic Macroinvertebrates

Benthic macroinvertebrates were collected using a 30 cm square net with a conical net
of 400 µm mesh and a depth of 50 cm. The sampling was carried out using the multihabitat
approach [17]. Thus, at each station, about 20 dip net hauls were made over an area of
about 3 m2 in total. The net load was then transferred to a white cloth, and the organisms
were removed with a pair of fine forceps and placed in pillboxes containing 10% formalin.
In the laboratory, the organisms were rinsed with tap water to remove the formalin and
then preserved in pillboxes containing 70% alcohol; they were then identified and counted
under a binocular loupe, brand BRESSER HG878513, with episcopic illumination, using
the appropriate keys and books [18–25].

2.4. Data Analyses

The Kruskal–Wallis test, carried out using software (SPSS version 20.0), made it
possible to observe whether the results of the averages varied significantly or not between
the different months and/or between the different stations. The Shannon–Weaver index
was used to show the variation in taxonomic diversity, and the Piélou equitability index
was used to verify the distribution of individuals within the stands. In order to assess the
organic pollution level at each sampling station, the Organic Pollution Index (OPI) was
calculated according to the protocol described in [26].

The Hilsenhoff (FBI) index (1988), taking into account the tolerance ranges assigned to
each organism, was used to determine the pollution levels of different sampling stations [27,28].

FBI =

n
∑

i=1
xiti

n (1)

where xi = number of individuals of the ith taxon, ti = tolerance of the ith taxon, and
n = number of individuals in the sample.

Spearman rank correlations were obtained using SPSS 20.0 software, and a redundancy
analysis was performed with CANOCO software in order to determine the associations
between the physicochemical variables and benthic macroinvertebrate communities.

3. Results
3.1. Physicochemical Variables

During the study period, the water temperature varied between 23.4 ◦C (EB2, Septem-
ber) and 29.9 ◦C (AK1, April), with an average of 26.01 ± 1.83 ◦C (Figure 2A), and the
pH varied between 6.63 (AK1, April) and 7.6 (AB2, July), with an average of 7.23 ± 0.24
(Figure 2B). The dissolved oxygen content ranged from 1.9% (EB2, June) to 56.1% (AB2,
June), with an average of 9.72 ± 11.74% (Figure 2C). Oxidability ranged from 3.56 mg/L
(AK1, May) to 180.7 mg/L (AK2, June), with an average of 53.65 ± 36.91 mg/L
(Figure 2D). TDS varied between 19.5 mg/L (AK1, May) and 395 mg/L (AK2, Septem-
ber), with an average of 179.49 ± 57 mg/L (Figure 2E). The electrical conductivity values
ranged from 39 µS/cm (AK1, May) to 790.4 µS/cm (AK2, September), with an average
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of 359.21 ± 114.1 µS/cm (Figure 2F). Orthophosphate levels ranged from 0.34 mg/L (EB2,
April and May) and 13.86 mg/L (AK2, September), with an average of 1.58 ± 2.22 mg/L
(Figure 2G). Nitrate levels ranged from 0.5 mg/L (EB1, July) to 1.78 mg/L (EB1, May),
with an average of 0.94 ± 0.34 mg/L (Figure 2H). Ammonia nitrogen levels ranged from
0.08 mg/L (EB2, April) to 3.6 mg/L (AB1, April), with an average of 1.88 ± 0.93 mg/L
(Figure 2I). Nitrite levels ranged from 0 mg/L (EB1, May) to 0.44 mg/L (AB2, July), with an
average of 0.1 ± 0.12 mg/L (Figure 2J). Spatially, significant differences were observed be-
tween the values of pH (EB1-AB1 (p = 0.012) and EB1-AB2 (p = 0.005)), oxidability (EB1-AB1
(p = 0.005), AB2-AB1 (p = 0.046), EB2-AB1 (p = 0.012), EB1-AK2 (p = 0.012), and AK2-
AB2 (p = 0.027)), TDS, conductivity, and orthophosphates (AK1-AB1 (p = 0.008), AB2-AB1
(p = 0.029), and EB1-AK1 (p = 0.035)), and temporally significant differences were obtained
between the temperature levels, September–April (p = 0.048), September–May (p = 0.012),
and July–May (p = 0.032).
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At station EB1, the organic pollution index (Figure 3) varied between 2 (April and
May) and 3.67 (June), with an average of 2.83 ± 0.72, indicating heavy organic pollution; at
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station EB2, it varied between 3 (May, July, and August) and 4 (June), with an average of
3.33 ± 0.42, indicating moderate organic pollution; at station AK1, it fluctuated between
2.67 (August and September) and 4 (May and June), with an average of 3. 22 ± 0.45,
indicating moderate pollution; at station AK2, it varied between 1.67 (June and September)
and 3 (July), with an average of 2.22 ± 0.45, indicating heavy organic pollution; and at
stations AB1 and AB2, it fluctuated between 2 (June (AB2) and August and September
(AB1)) and 3 (May), with respective averages of 2.38 ± 0.39 and 2.55 ± 0.34, indicating
heavy organic pollution. Temporally, the Kruskal–Wallis test showed no significant differ-
ences, whereas spatially, it showed significant differences, mainly between AK2 and EB2
(p = 0.025).
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3.2. Benthic Macroinvertebrates

A total of 5793 organisms were collected belonging to 3 phyla, 8 orders, 30 families,
and over 42 taxa. The phylum Arthropoda dominates, with a relative abundance of 75.13%
in 20 families, followed by the phylum Annelida, with a relative abundance of 14.81%, and
molluscs in particular, basommatophora, with a relative abundance of 10.06% (Figure 4A).
Therefore, of the total benthic macroinvertebrates, Arthropoda are most present (Figure 4B).
The order Diptera was the most represented with 12 families and was present at almost all
stations, the most representative of which are the family of Chironomidae (94.008% relative
abundance), followed by Culicidae (1.19%), Tabanidae (0.88%), Tipulidae (0.81%), Syrphi-
dae (0.76%), Ceratopogonidae (0.74%), Psychodidae (0.57%), and Ephrydridae (0.33%).

Temporally (Figure 5A), the months of August and July had the highest absolute
abundances at 1488 and 1256, respectively, and spatially (Figure 5B), the stations AB1, AK2,
and EB1 had the highest absolute abundances, with 1488, 1256, and 961, respectively.

The total taxon richness (RTT) was higher at stations EB1 and AB2, and the degrees
of taxon richness of Diptera (RTD) and insects (RTI) were higher at station AB1. As for
%Chironomidae, they were abundant in all stations (Table 2).
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Table 2. Values of metrics to describe the structure of benthic macroinvertebrates during the
study period.

Metric EB1 EB2 AK1 AK2 AB1 AB2

RTT 23 11 18 12 21 23

RTD 9 1 10 6 11 2

RTI 12 5 14 9 16 14

%chiro 17.54 84.95 91.25 92.25 64.98 70.69

H 2.3 0.98 0.76 0.52 1.92 1.68

E 0.49 0.25 0.17 0.12 0.43 0.41
RTT—total taxonomic richness; RTD—taxonomic richness of diptera; RTI—taxonomic richness of insects; %ACP—
relative abundance chironomidae physidae; H’—Shannon–Weaver index; E—Piélou equitability index; FBI—
Hillsenhoff index.

The Shannon–Weaver diversity and Pielou equitability indexes are constant for the
studied rivers from upstream to downstream. Spatially (Figure 6B,C), the Shannon–Weaver
index varied between 1.002 and 2.001 at station EB1, which appears to be the most diverse,
with an average of 1.74 ± 0.47 bits/ind, and the Piélou equitability index ranged from
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0.16 to 0.32 at station EB1, with an average of 0.28 ± 0.07. In terms of temporal diversity
(Figure 6A,C), the month of July was the most diverse, with Shannon–Weaver and Piélou
equitability indexes varying around averages of 1.22 ± 0.58 bits/ind and 0.19 ± 0.09,
respectively. Spatio-temporally, they varied from 0.12 bits/ind (August, AK2) to 2.13
bits/ind (September, EB1), respectively, with a mean of 1.14 ± 0.65 bits/ind and 0.02
(August, AK2) to 0.86 (September, EB1), around a mean of 0.18 ± 0.11. Spatially, the
Kruskal–Wallis test indicates significant differences between stations AK1-EB1 (p = 0.046).
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Spatially and temporally, the Hillsenhoff index varied between 5.02 (AB1, July) and 10
(AK1, August), with an average of 2.75 ± 0.61. The values obtained at the different stations
indicate significant to very significant organic pollution.

The Spearman rank (Table 3) correlation was used to relate the affinities between
the descriptive metrics of the benthic macroinvertebrate populations collected and the
physicochemical parameters. As a result, positive and negative correlations were observed
between certain metrics and the physicochemical parameters.
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Table 3. Spearman rank coefficient values between physicochemical parameters and benthic macroin-
vertebrate metrics.

IPO Temperature Oxygen Oxidizability TDS Conductivity Phosphate Nitrate Ammonia
Nitrogen Nitrite pH

RTT −0.232 −0.899 * 0.145 −0.174 −0.406 −0.406 0.145 −0.029 0.522 0.174 0.116

RTD −0.314 0.371 −0.371 0.200 −0.143 −0.143 0.486 0.486 0.943 ** 0.143 −0.143

RTI −0.319 −0.812 * 0.232 0.290 −0.203 −0.203 0.725 0.058 0.899 * 0.319 0.377

%chiro −0.086 0.600 −0.257 0.486 0.257 0.257 −0.086 0.429 −0.429 0.371 0.086

FBI 0.429 0.771 0.086 0.086 0.143 0.143 0.200 −0.086 −0.371 −0.257 −0.086

H 0.086 −0.600 0.257 −0.486 −0.257 −0.257 0.086 −0.429 0.429 −0.371 −0.086

E 0.086 −0.600 0.257 −0.486 −0.257 −0.257 0.086 −0.429 0.429 −0.371 −0.086

** significant at 0.01; * significant at 0.05.

The relationship between benthic macroinvertebrate population structure and the
physicochemical variables.

A canonical redundancy analysis (CRA) (Figure 7) carried out on the basis of the
physicochemical variables and the abundances of the benthic macroinvertebrates shows a
grouping of the different variables on the negative part of axis 1 (53.7% of the information
explained), which includes most of the organisms collected with affinities with very low
oxygenation, high mineralisation, high temperatures, and high values of the organic
pollution indicators. The organisms frequently found in waters with these characteristics
are the Chironomidae, Tubificidae, Culicidae, Tabanidae, Elmidae, Nepidae, Haplotaxidae,
Lymnaedae, and Belostomidae. Axis 2 (17.7% of information explained) groups together in
its positive part organisms with affinities with high concentrations of oxidability, nitrate,
and nitrite. The organisms frequently encountered here are the Hydraenidae, Haplotaxidae,
Tabanidae and Sparganophilidae.

Water 2023, 15, x FOR PEER REVIEW 11 of 16 
 

 

The Spearman rank (Table 3) correlation was used to relate the affinities between the 
descriptive metrics of the benthic macroinvertebrate populations collected and the physi-
cochemical parameters. As a result, positive and negative correlations were observed be-
tween certain metrics and the physicochemical parameters. 

Table 3. Spearman rank coefficient values between physicochemical parameters and benthic ma-
croinvertebrate metrics. 

 IPO Temperature Oxygen Oxidizability TDS Conductivity Phosphate Nitrate Ammonia 
Nitrogen Nitrite pH 

RTT −0.232 −0.899 * 0.145 −0.174 −0.406 −0.406 0.145 −0.029 0.522 0.174 0.116 
RTD −0.314 0.371 −0.371 0.200 −0.143 −0.143 0.486 0.486 0.943 ** 0.143 −0.143 
RTI −0.319 −0.812 * 0.232 0.290 −0.203 −0.203 0.725 0.058 0.899 * 0.319 0.377 

%chiro −0.086 0.600 −0.257 0.486 0.257 0.257 −0.086 0.429 −0.429 0.371 0.086 
FBI 0.429 0.771 0.086 0.086 0.143 0.143 0.200 −0.086 −0.371 −0.257 −0.086 
H 0.086 −0.600 0.257 −0.486 −0.257 −0.257 0.086 −0.429 0.429 −0.371 −0.086 
E 0.086 −0.600 0.257 −0.486 −0.257 −0.257 0.086 −0.429 0.429 −0.371 −0.086 

** significant at 0.01; * significant at 0.05. 

The relationship between benthic macroinvertebrate population structure and the 
physicochemical variables. 

A canonical redundancy analysis (CRA) (Figure 7) carried out on the basis of the 
physicochemical variables and the abundances of the benthic macroinvertebrates shows 
a grouping of the different variables on the negative part of axis 1 (53.7% of the infor-
mation explained), which includes most of the organisms collected with affinities with 
very low oxygenation, high mineralisation, high temperatures, and high values of the or-
ganic pollution indicators. The organisms frequently found in waters with these charac-
teristics are the Chironomidae, Tubificidae, Culicidae, Tabanidae, Elmidae, Nepidae, Hap-
lotaxidae, Lymnaedae, and Belostomidae. Axis 2 (17.7% of information explained) groups 
together in its positive part organisms with affinities with high concentrations of oxida-
bility, nitrate, and nitrite. The organisms frequently encountered here are the Hydraeni-
dae, Haplotaxidae, Tabanidae and Sparganophilidae. 

 
Figure 7. Redundancy analysis (RDA) of the main benthic macroinvertebrate taxa and physicochem-
ical variables. oxy—oxidability; NO3-—nitrate; NH4+—ammonia nitrogen; TDS—total dissolved 
solid; cond—conductivity; temp—temperature; NO2-—nitrite; haplo—Haplotaxidae; elmi—Elmi-
dae; taba—Tabanidae; syrp—Syrphidae; lumbrici—Lumbricidae; lumbricu—Lumbriculidae; 
phys—Physidae; sciomi—Sciomizydae; hydro—Hydrophilidae; scato—Scatophagidae; ephry—

Figure 7. Redundancy analysis (RDA) of the main benthic macroinvertebrate taxa and physico-
chemical variables. oxy—oxidability; NO3—-nitrate; NH4+—ammonia nitrogen; TDS—total dis-
solved solid; cond—conductivity; temp—temperature; NO2—-nitrite; haplo—Haplotaxidae; elmi—
Elmidae; taba—Tabanidae; syrp—Syrphidae; lumbrici—Lumbricidae; lumbricu—Lumbriculidae;
phys—Physidae; sciomi—Sciomizydae; hydro—Hydrophilidae; scato—Scatophagidae; ephry—
Ephrydridae; psycho—Psychodidae; empi—Empididae; libel—Libellulidae; thiari—Thiaridae;
enchy—Enchytraeidae; cerato—Ceratopogonidae; tubifi—Tubificidae; chaob—Chaobaridae; baet—
baetidae; ph—pH; dyt—Dytiscidae; nepi—Nepidae; lymn—Lymnaedae; o2—dissolved oxygen;
chiro—Chironomidae; belos—Belostomidae; glossi—Glossiphoniidae; coena—Coenagrionidae; culi—
Culicidae; tipul—Tipulidae; hydra—Hydraenidae; PO43—-orthophosphat.
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4. Discussion

According to [29], the temperatures of natural water bodies undergo seasonal and
diurnal variations, as well as vertical thermal stratifications. The high temperature values
obtained in the Ako’o river, such as 29.9 ◦C, would be due to the discharge of heavy
wastewater from the industrial slaughterhouse and the surrounding houses but also to
the absence of a canopy that could prevent light rays from reaching the water column
and to the climate that prevails in the environment. Thus, according to [30,31], anarchic
land use, overpopulation, and industrialisation are factors that interfere to increase the
ambient temperature and consequently the temperatures of rivers in urban areas. These
results are similar to those obtained by [32] on a urban river in the city of Kara. The
average pH values (7.23 ± 0.24) reveal slightly basic environments. However, since the
soils of the Central Cameroon region are acidic in nature, this basicity could be linked
to exogenous inputs discharged into the watercourses. These results are similar to those
obtained by the authors of [33] in the Wé River in Burkina Faso, indicating that the slightly
basic character is probably due to the intense activities at the river banks and the temporary
discharge of effluents of an alkaline nature. Thus, Ref. [34] has highlighted in such a
situation the contribution of urbanisation to the increase in the pH values of the waters.
Overall, the pH range (6 to 9) compatible with the expression of the biological potentials
of aquatic organisms is maintained. The dissolved oxygen values show a very poorly
oxygenated environment tending towards anoxia, which could be due to poor water
circulation. In fact, due to the deposition of waste by the surrounding populations in
the bed of the watercourse, the water is blocked and circulates slowly. To this effect,
Ref. [35] pointed out that the metabolic activity of decomposer bacteria (oxygen consumers)
increases with anthropisation and the input of nutrients into the watercourse, which would
contribute to a drop in the oxygen level in the aquatic environment. The values of above
40% obtained during the rainy season reflect the turbulence of the water during this period
of flooding. These results are similar to those of [36] in some urban waterways of the
city of Taza, underlining the fact that the low oxygenation of waters in urban areas is
due to the high organic loads generated by liquid discharges and leachates from the Taza
landfill in Morocco. In conclusion, the low percentages of oxygen saturation reflect the
mineralising activity of the bacteria that consume a high volume of oxygen [37,38]. The high
values of the parameters indicating organic pollution, in particular, oxidability, ammoniacal
nitrogen, and orthophosphates, indicate that the various watercourses are subject to intense
organic pollution under anthropic action. To this effect, Ref. [39] points out that phosphate
contamination comes from anthropogenic activities such as the discharge of wastewater
contaminated with detergents, the direct washing of clothes in water, and runoff loaded
with fertilisers. The high values of electrical conductivity and total dissolved solids, which
move in the same direction, are thought to be related to the high mineralization resulting
from the continuous input of domestic sewage, the industrial slaughterhouse in Etoudi,
and the leaching of pesticides used in lowland agriculture. These results are similar to
those reported in [40], which demonstrated that the presence of market gardening activities
along rivers is a source of increased water conductivity due to the use of chemicals. The
measurements of physicochemical parameters in the different watercourses reflect, on the
whole, exogenous inputs due to anthropic activities practised along the different catchment
areas, mainly waste, loaded wastewater, and lowland agriculture.

The specific richness and low diversity of the benthic macroinvertebrates encountered
in the different stations are slightly similar to those values obtained in [41]. This could
be due to the phenomenon of anthropisation, which is manifested by the discharge of all
kinds of waste into the watercourses, leading to intense organic pollution, the direct conse-
quence of which is a remarkable reduction in biodiversity. As a result, the predominance of
arthropods, in particular, the insect, is linked to fact that they have a genetic plasticity and
cosmopolitanism that provides them with a great ability to colonise different ecological
niches while adapting to the environment [42]. The preponderance of the dipteran orders of
oligochaetes and basommatophora in the different stations is a reflection of the high occu-
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pation of the soils. The preponderance of the Diptera, Oligochaeta, and Basommatophora
in the different stations is a reflection of the high occupation of the soil. Indeed, the distur-
bance of the environment, which is illustrated by intense organic pollution, is responsible
for the simplification of the diversity of the environment in favour of the pollutant-resistant
taxa of Chironomidae, Physidae, and Lumbriculidae. These results are in line with those
found in [43] in the Kondi catchment area, which noted a dominance of pollutant-resistant
taxa, mainly Chironomidae and Physidae. The abundance of families of the order Diptera,
mainly Chironomidae, followed by Culicidae, Psychodidae, Syrphidae, Tabanidae, and
Tipulidae, indicates organic pollution of a faecal origin. In fact, the watercourses studied
are the final receptacle of toilet water and faeces from the surrounding dwellings, which
are loaded with enormous quantities of organic matter which would be favourable to the
proliferation of these groups of organisms. These results are similar to those obtained in [44]
in the urban waterways of the city of Douala, which are heavily polluted by industrial and
domestic effluents, with a predominance of pollutant-resistant taxa. To this end, Ref. [45]
states that Diptera, Syrphidae, Psychodidae, Ephydridae, and Stratiomyiidae are generally
found in waters heavily loaded with rotting organic matter. Indeed, the larvae of Syrphidae
and Ephydridae each have an anal siphon that allows them to use atmospheric oxygen and
thus survive in highly charged anoxic environments [46].

The relatively high abundance of organisms harvested in July and August could be
due to an excessive input of organic matter in favour of the multiplication of pollutant-
resistant organisms. Indeed, the months of July and August are the months of the short
dry season and, as a result, there is an accumulation of waste in the waterways. Thus,
putrefaction allows for the multiplication of saprobionts and saprophilous organisms
such as Chironomidae, Lumbriculidae, and Physidae. For this purpose, [47] states that
organisms tolerant of environmental disturbances will dominate communities under stress
and, in general, these communities will become less species-rich. Thus, urban development
simplifies biotic assemblages, decreases diversity and taxonomic richness, and increases
the density of pollution-tolerant taxa [48].

The decrease in the values of the Shannon–Weaver diversity index from upstream
to downstream of the various rivers is linked to the increasing presence of discharges
downstream, boosting organic pollution and thus allowing for the proliferation of pollu-
toresistant organisms of the order Diptera, in particular, the Chironomidae family. Similarly,
the Piélou equitability index is very low at all these stations, indicating the dominance of
one group over the others. To this end, according to [49], the low values of the diversity
index reflect communities with little diversity and a low degree of organisation.

The redundancy analysis showed that high temperatures, low levels of oxygenation,
high levels of mineralisation, and high levels of organic pollution indicators are favourable
for the development of saprobionts and saprophilous organisms such as Chironomidae,
Lumbriculidae, and Physidae. Indeed, the positive and significant correlations obtained
between the RTT and the RTI with ammonia nitrogen, which is an indicator of organic
pollution, allow us to consolidate these results.

5. Conclusions

The waters of the various rivers studied in the Mfoundi catchment area are basic in
nature, poorly oxygenated, and have high levels of mineralization, revealing a high level of
organic pollution. Insects are the most represented, with the order of Diptera dominating,
particularly the Chironomidae family, which is present at all the stations and contains
saprobiont organisms, testifying to the anthropisation of the different catchment areas. As
a result, urbanisation contributes to the homogenisation of the benthic macroinvertebrate
habitats present in the hydrosystems through the activities carried out along the catchment
areas. The diversity index and the Spearman rank correlations between the different
physicochemical parameters and the macroinvertebrate metrics make it possible to visualise
a population essentially dominated by Diptera, Annelids, and Molluscs. The organic
pollution and Hillsenhoff indexes confirm a very significant and accentuated organic
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pollution of the various watercourses. In view of this observation, it is important to note
the vulnerability of the watercourses in the face of ever-increasing urbanisation in the city
of Yaoundé, with urban sprawl favouring a profound modification of the urban landscape.
The malfunctioning or non-existence of wastewater treatment plants in the city of Yaoundé
contribute to the increasing pollution of the watercourses that are located there and, as a
result, the restoration of these watercourses must imperatively involve better management
of liquid and solid waste in the precarious neighbourhoods, as well as the establishment
of land use policies that integrate the rational management of watercourses in the urban
environment.
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