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Abstract: This study aims to inventory benthic macroinvertebrates within the Chari-Logone River
complex, two tributary rivers of Lake Chad, for assessing the ecological status. The organisms and water
were sampled monthly, from February to July 2023, at six stations. Benthic macroinvertebrates were
sampled following the multihabitat approach developed by Stark using a kick net of 500 um mesh
porosity. Water was sampled in double-closure polyethylene bottles and their analyse revealed an average
ecological quality based on Temperature (22.6 - 30.12 °C), pH (5.48 - 8.10 UC), Conductivity (86 - 240
puS/em), dissolved Oxygen (54 - 95.20 %), Turbidity (14 - 72 FTU), color (130 - 570 Pt-Co), or
Orthophosphates (0.1 - 3.7 mg/L). A total of 28 taxa belonging to 2 phyla (Arthropods, Molluscs), 5
classes (Gastropods, Bivalves, Hexapods, Crustaceans, and Arachnids), 12 orders, and 21 families were
identified and gathered. Only the species Melanoides tuberculata, Melanoides nodicincta, and Glabbiella
tchadiensis were respectively omnipresent, regular, and constant during the study. Pollutant-resistant
organisms were most recurrent, and this finding shows the Chari-Logone River complex is disturbed. The
presence of polluo-sensitive mollusc C. africana in the downstream suggests the progressive natural
restoration of ecological conditions in the downstream after the City of N’Djamena. The physicochemical
variables selected in this study are limited to have precise information on water quality since the

organisms identified were pollutant-tolerant.

Keywords: Urban river, Physicochemical variables, Benthic macroinvertebrates, Pollution, Ecological

status, Logone-Chari Complex

1. INTRODUCTION
One of the major challenges facing planet Earth in the 3rd millennium is the protection of its
natural resources (Ochuka et al., 2019; Allan et al., 2021). Among these resources, water is of prime

importance, as it is essential to life (Dos Santos et al., 2017; Yates et al., 2025). However, aquatic
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ecosystems are under many pressures, particularly anthropogenic, linked to population growth, climate
change, and other factors, making them a vulnerable resource (Dos Santos et al., 2017; Bowen and Currie,
2021; Temgoua Zemo et al., 2023). Human pressures are present and hurt biodiversity and water quality
(Ge et al., 2022; Lactio et al., 2026). The assessment of anthropogenic pollution/pressure on the biological
integrity of aquatic systems follows an ecological approach, which follows environmental indicators and
aquatic organisms such as phytoplankton, zooplankton, macroinvertebrates, and fish (Madomguia et al.,
2016; Kengne Tenkeu et al., 2020; Mahamat Tahir et al., 2020; Edegbene et al., 2023). The assessment of
ecological integrity of rivers and streams is based particularly on the analysis of the composition and
abundance of different communities known as biological indicators, in relation to reference conditions
corresponding to the natural state (Kelly et al., 2025; Yates et al., 2025; Lento et al., 2026). Nowadays,
benthic macroinvertebrates are the best bioindicators of flowing hydrosystems, because they are sedentary
and spend a large part of their life cycle in water (Mboye et al., 2020; Biram a Ngon et al., 2024; Dzavi,
2024; Temgoua Zemo et al., 2024; Nwaha et al., 2026). Moreover, they are easy to sample, ubiquitous,
and react in a variety of ways depending on the degree of pollution.

In SubAfrica, many studies focused on the assessment of the ecological quality of hydrosystems in
various locations have been carried out using both physicochemical and biological analyses (Bagalwa,
2006; Foto Menbohan et al., 2013; Tchakonté et al., 2015; Onana et al., 2016, 2021; Munganga Kilingwa
et al., 2020; Ochieng et al., 2021; Mbaka and Aura, 2022; Edegbene et al., 2023). In Chad, few studies
were done in order to establish the ecological status of the hydrosystems, while the Chari-Logone River
complex, the two major rivers in the country, are subjected to various forms of anthropogenic pollution
that could affect their quality.

The waste found in the Logone—Chari river basin in Chad, which flows through Chad and
Cameroon, comes mainly from agriculture, industry, households, and urban runoff. These inputs degrade
the quality of the water, sediments, and aquatic organisms, particularly in areas close to major cities such
as N'Djamena and Moundou (Saha ef al., 2021; Djikoloum Beosso et al., 2024; Vicat et al., 2025).
Agriculture contributes to this pollution through fertilisers, pesticides, and organic matter washed away by
rain. Industrial activities discharge liquid effluents and metallic substances, while household waste
contributes sewage, rubbish, and faecal matter, thereby increasing organic and microbial pollution
(Ngaram, 2011; Nambatingar et al., 2017). Urbanisation exacerbates this situation by promoting soil
sealing and erosion, as well as the rapid transport of pollutants to rivers. The river network is essential as
it feeds Lake Chad, and is therefore under increasing pressure (Bouchez et al., 2016). While water quality
remains acceptable in some areas, the ecological balance remains fragile in the face of these multiple
sources of contamination (Lemoalle and Brami-Hourtal, 1996; MEPDD, 2024). So, this study aims to
assess the ecological status of the Chari-Logone River complex based on the structure of the benthic

macroinvertebrates and the physicochemical quality of the water.



2. MATERIALS ET METHODS
2.1. Study site

The study was carried out in N'Djamena, the Capital of Chad, from February to June 2023. The
city is located between 14°58'0°* and 15°9'0°” East Longitude and 12°1'0°” and 12°13'0°” North Latitude.
It is bordered to the north by the Hadjer-Lamis Province, to the east and south by the Chari Baguirmi
Province, and to the west by the Logone River (Fig. 1).

N'Djamena is running a tropical Sahelian climate characterised by two seasons: a long dry season
from October to May, and a short rainy season from June to September (Ngaram, 2011). Annual
temperature variations in the city of N'Djamena show a minimum temperature of 14 to 23°C and a
maximum temperature of 33 to 42 °C. N'Djamena is characterised by a slightly flat relief dotted with
areas of depression, consisting of bulges and flood plains. The soil has a sandy-clay to silt-clay texture.
The city is subdivided into ten (10) administrative units called subdivisions. The population of 993,492 in
2009 (INSEED, 2009) is estimated to be over 2,451,344 today (Hassane Hemchi ef al., 2021). The Chari
river originates in the Central African Republic, and the Logone river in the Adamawa Plateau in
Cameroon. So, jointly together they flow into Lake Chad (Ngaram, 2011; Djikoloum Beosso et al., 2024).
They contribute more than 82% of the lake's water (Bouchez et al., 2016). All along its course, this
complex is subject to various forms of anthropogenic pollution that affect its quality. It is also subject to

climatic hazards and serves as a receptacle for industrial effluents (Ngaram, 2011).

2.2. Sampling stations

Based on accessibility and the proximity to pollution sources, six (6) sampling stations were
chosen. The first two stations (S1 and S2) are located in the area of fishing and vegetable crops activities,
and the other three (S3, S4, and S5) receive effluents from the N'Djamena industrial zone. These stations
will make it possible to assess the effect of a number of industrial effluents, mainly the wastewater
evacuation channels of the National Reference University Hospital Center (S3), Breweries of Chad (S4),
and Slaughterhouses (S5). The last station (S6) is located downstream from the N'Djamena town in an
area where there is less human activity, with vegetable crops (Fig. 1 and Table 1). The characteristics of
these sampling stations are as follows: N'DJAM (S1) — located at the eastern entrance to the town of
N'Djamena; PDV (S2) — at the level of the dual carriageway bridge and is located 5.46 Km from E
N'DJAM sampling; CDHC (S3) — located next to the Presidency of the Republic of Chad, 6.73 Km from
PDV sampling station; BRTEX (S4) — the outlet of the breweries (BR) in Chad, which is located 5.13
Km from the CDHC sampling station; ABEX (S5) — the outlet for the slaughterhouses (AB), which is a



modern meat-packing company and located 1.71 Km from BRTEX and S N'DJAV (S6) — located 2.32

Km from ABEX and located in downstream sampling point after N'Djamena town.
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Figure 1: Map showing the sampling stations

Table 1: Summary characterisation of sampling stations in Chari-Logone River complex

Stations Code Coordinates Main activities Dominant Main
substrates macrophytes
S1 EN’DJAM 12°3°30.426’N  Fishing, vegetable crops  Medium sand,
15°8°59.484"E clays
S2 PDV 12°5°21.894°N  Fishing, vegetable crops, Medium sands,
15°6°34.692"E  laundry clays, silts
S3 CDHC 12°5°53.094°N  Fishing, vegetable crops, Coarse sands,
15°2°54.114"E =~ navigation clays, silts
S4 BRTEX 12°7°23.424°’N  Fishing, dumping of Pebbles, gravel, FEichhornia
15°0°31.986"E ~ waste from breweries coarse sand crassipes
S5 ABEX 12°7°2.808°’N  Dumping of waste from  Pebbles, gravel, Eichhornia
14°59°38.592"E  slaughterhouses, fishing, sand crassipes
laundry, and navigation
Sé6 SN°'DJAV  12°6'13.68’N  Vegetable crops Medium sands,  Eichhornia
14°58'43.014"E clays crassipes
2.3. Methods

2.3.1 Measurement of abiotic parameters



The fieldwork was carried out monthly at the six stations, between 7 a.m. and 11 am.
Physicochemical parameters were measured both in the field and in the laboratory, following the
recommendations of Rodier et al. (2009) and American Public Health Association et al. (2017). Water
Temperature (°C), pH, Dissolved Oxygen (% saturation), and Electric Conductivity (uS/cm) were
measured in situ using a HACH HQ11d pH meter (accurate to 0.1 UC), a HACH HQ14d oximeter, and a
HACH HQ14d conductivity meter (accurate to 0.1 uS/cm). For laboratory analyses, water samples were
collected using 1000 mL double-closure polyethylene bottles, which had been washed in concentrated
HCI and rinsed with distilled water. In the laboratory, the turbidity (FTU) and colour (Pt-Co) of the water
were measured by colorimetry using a Photometer DR/7100 according to the methods of Rodier et al.
(2009) and American Public Health Association et al. (2017). The water contents in orthophosphates and
various forms of nitrogen in mg/L (NH4", NO>~ and NOj3") were measured with appropriate Phosver,
Nessler, Nitriver, and Nitraver reagents by the Photometer DR7100, respectively, at wavelengths of 530

nm; 507 nm, 520 nm and 570 nm, after setting the zero point using a blank sample.
2.3.2 Benthic Macroinvertebrates sampling

Benthic Macrolnvertebrates (BMI) were collected using a 30 cm x 30 cm, 500 pm mesh and 50
cm in depth. At each station, 20 kick net hauls were made in different micro-habitats according to Stark et
al. (2001). Each shot consisted of pulling the net over a distance of approximately 1 m in the opposite
direction to the water flow. The bottom substrate was meticulously scraped to a depth of 2 to 3 cm. The
organisms collected in the sampling net were rinsed through a 500 pm sieve, and all the benthic
macroinvertebrates were sorted in situ and preserved in a plastic bottle containing 10% formalin to
quickly preserve in the field, ensuring that tissues are preserved for identification without distorting
delicate structures. In the laboratory, the specimens were rinsed under tap water and then preserved in
80% alcohol, as it fixes the tissues, prevents decomposition, and preserves the integrity of the specimens
for identification. Identification and counting of preserved organisms were carried out under a binocular
microscope, Wild M5, using the appropriate identification keys and books (Poisson, 1929; Durand and
Levéque, 1980, 1981; Dethier, 1981; Stals and de Moor, 2007; Moisan, 2010; Tachet et al., 2010).

2.3.3. Data analysis

The data collected on physicochemical parameters and benthic macroinvertebrates were entered
and organised in Excel 2013. The taxonomic richness, taxonomic abundances, and frequencies of
occurrence of taxa were used to describe the BMI communities. Abundance and taxon richness were

presented in a graphical form using Graphpad Prism 8 and Canoco for Windows.

The Organic Pollution Index (OPI) is based on the method developed by (2001) and assesses water

quality by classifying four parameters (BODs, phosphates, ammonium, nitrites) on a scale of 1 to 5 (Table



2). The average of these class numbers gives the final index. The lower the index (closer to 1), the better
the quality; the higher the index (closer to 5), the greater the pollution. The principle involves dividing
pollutant values into five classes, then, based on the measurements taken, determining the corresponding
class number for each parameter and calculating the average. The IPO was calculated using three
parameters. Still, the others, which are already in mineral form, can be considered to result directly from

the mineralisation of organic matter and thus accurately reflect this type of pollution.

To assess the degree of pollution in each zone, the Organic Pollution Index (IPO) was calculated
according to the recommendations of Leclercq (2001). Kruskall-Wallis and Mann Whitney tests were

used to check for significant differences between the values of the variables analysed.

Table 2: Class of Organic Pollution Index (OPI) and levels of pollution

Class |NH4" NO» PO4* Limits of |[Level  of
(mg/L) (pg/L) (pg/L) class pollution

5 <0,1 <5 <15 5,0-4,6 Nothing

4 0,1-0,9 6-10 16 - 75 4,5-4,0 Low

3 1-2,4 11-50 76 — 250 3,9-3,0 Moderate

2 2,5-6 51-150 |251-900 |29-2,0 Strong

1 >6 > 150 >900 1,9-1,0 Very strong

The frequency of occurrence (F), expressed as a percentage, provides information on the constancy
of a species or taxon in a given habitat without any indication of its quantitative importance (Dajoz,
2003). It permits to distinguish ubiquitous species, which appear in all the surveys (F = 100%); regular
species (75 < F < 100%); constant species( 50 < F < 75%); accessory species ( 25 < F < 50%) and rare
species present in 0 < F < 25% of the surveys (Dufréne and Legendre, 1997). This index is based on the
presence/absence matrix and is calculated according to the relationship (1), where Pt is the total number of

samples and Pi is the number of samples where the species is present:

TR (1)

The Shannon-Weaver, Simpson, and Pielou indices were performed by CANOCO for Windows to
estimate the diversity of benthic macroinvertebrates at the stations sampled. The Shannon-Weaver index,
which is used to assess the heterogeneity of biodiversity in an environment, was calculated as follows: the
formula below with Pi = relative abundance of taxon i (pi = ni / N) (Shannon and Weaver, 1948):

H =-Yo,Pilog, PiH' = — Y™, Pilog, Pi (2)

Simpson's index was used to calculate the probability that two randomly selected individuals in a
given environment are of the same species (Keylock, 2005). It was determined using the following

formula, where Pi = ni / N, is the relative abundance of species i of the sample S, Ni = number of



individuals of species i, and N is the number of individuals of the whole community; S = specific
richness:

1-D = 1- ¥ p? 3)

The Pielou equitability index was used to identify the evenness of macroinvertebrates (Pielou,

1966). J is between 0 and 1, and it was calculated using the following formula, where S: number of

species observed:

Hr

J 4

Sorensen's coefficient of similarity () was used to determine the level of similarity between the

- log, S

populations of BMI collected at the different sampling stations (Marcon, 2010). This index is calculated
using the formula with S = similarity coefficient, a = number of taxa present at the 1st station, b = number

of taxa present at the 2nd station, and C = number of taxa common to the two stations:

2C

§= (a+b)

x 100 Q)

Friedman's non-parametric test was used to compare the values of physicochemical parameters,
taxonomic richness, and abundances of the organisms studied between the sampling stations. To study the
relationships between environmental variables and the abundance dynamics of benthic
macroinvertebrates, a rank correlation analysis (Spearman coefficient) and a Canonical Correspondence
Analysis (CCA) were carried out using two databases, the taxa abundance and the physicochemical

parameter matrix, using Excel 2013 and CANOCO for Windows 4.5 (Braak, 1986).

The method for identifying indicator species (IndVal) was applied (Dufréne and Legendre, 1997).
It has the advantage of combining both frequency and abundance or coverage to assess the indicator status
of species. It is based on the same approach to classifying surveys in order to identify the species that are
indicative of them. A species is considered indicative of a given group of surveys if it is characteristic of
that group, i.e., typical (= absent or relatively less frequent in other groups of surveys), and if it is present
in all surveys within that group. For each species i in each survey group j, the indicator value (IndValij) of

species 1 in survey group j is calculated as follows:

Indvalij = Aij X Bij x 100 (6)
where Aij = Nindividuals ij / Nindividuals j and Bij = Nsites 1j / Nsites j

Ajj represents the average abundance of species 1 within the surveys in survey group j, relative to all
groups = a measure of specificity, and Bij represents the number of surveys occupied by species i among

those in group j = a measure of constancy or fidelity.

3. Results

3.1.Physicochemical parameters



During the study period, the temperature was cold and varied from 22.6 °C at S2 to 30.12 °C at
S6 with an average of 26 .66 + 2.12 °C (Table 3). These temperature values generally increased from
February to July at all stations. The pH values oscillated between 5.48 at S5 and 8.10 at S6 with an
average of 7.37 + 0.67. Water was low mineralised, and the conductivity oscillated between 86 uS/cm at
S5 and 240 pS/cm at S6, with an average of 124.42 + 40.53. Water was well oxygenated, and the
saturation of oxygen varied between 54 % at S4 and 95.20 % at S6, with an average of 79.25 = 11.42 %.
The turbidity and color values evolved between 14 FTU at S1 — 72 FTU at S3, and 130 Pt-Co at S1 — 570
Pt-Co at S3, respectively, with respective averages of 38.94 +15.83 Pt-Co and 341.08 +£107.96 Pt-Co.
These values evolved synchronously during the study period. Orthophosphates varied between 0.1 mg/L
at S2 and 3.7 mg/L at S4 with an average of 0.86 = 0.87 mg/L. The different forms of nitrogen were low
overall (Table 2).

Table 3: Minimum, Maximum, and Mean with Standard deviation (SD) of physicochemical parameters of

water during the study

Variables Minimum Maximum Mean SD
Temperature (°C) 22.60 30.12 26.66 2.12
pH (UC) 5.48 8.10 7.38 0.67
Electrical conductivity (1S/cm) 86.00 240.10 124.42 40.53
Saturation on oxygen (% sat) 54.00 95.20 79.26 11.42
Turbidity (FTU) 14.00 72.00 38.94 15.83
Color (Pt-Co) 130.00 570.00 341.08 107.96
Orthophosphates (mg/l PO4*) 0.10 3.70 0.86 0.87
Nitrates (mg/l NO3") 1.92 3.45 2.57 0.47
Nitrites (mg/l NO2") 0.01 0.22 0.11 0.05
Ammonia (mg/l NH,") 0.00 1.11 0.22 0.29

The Organic Pollution Index (OPI) calculated shows values ranging from 2.5 at station S3 to 3.33 at
station S3 with an average of 2.81 & 0.22 There were not significant difference (p>0.05) between stations.
These values are lower than those recorded in the Upper Ouémé Valley (Mahugnon et al., 2026) and
along the Nosivolo River (Ramiandrivelo et al., 2021). However, they are slightly higher than those

recorded in some watercourses in the Awae agricultural zone (Nsangou Moundignigni et al., 2024).
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Figure 2: Variation of values of Organic Pollution Index

3.2. Biological analysis

Taxonomic composition

During the study period, a total of 28 benthic macroinvertebrate (BMI) taxa were sampled.
These organisms belong to 2 phyla (Arthropoda, Mollusca), 5 classes (Gastropods, Bivalves, Hexapods,
Crustaceans, and Arachnids), 12 orders, and 21 families. With 92.15 % of total abundance, Mollusca
represented the major taxon. Of the 586 BMI collected, the Gastropod was more represented with 518
individuals, or 88.40% of the collections. It was followed by Hexapoda, then Bivalvia with 26 (4.44 %)
and 22 individuals (3.75 %) (Figure 3a). Crustacea were represented by 18 individuals (3.07 %).
Arachnida, with 0.34 % of the collection (i.e., 2 individuals), were the weakest represented (Fig. 3a).
Among the Gastropods, the Thiaridae family was strongly represented with a total of 482 individuals or

82.25% of the total abundance. It is followed by the Bithyniidae (5.92%) and the Atyidae (3.07%) (Figure

3b).
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Figure 3: Distribution of abundance of benthic macroinvertebrates in class (a) and in order (b)
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The analysis of taxonomic lists during the study period shows the omnipresent (*****), regular
(*¥***), constant (***), accessory (**), and rare (*) species. The ubiquitous species were the least
represented, with a frequency of occurrence of 7.14%. They were followed by accessory species (10.71%)
and constant species (17.85%). The rare species were the most represented, accounting for 78.26% of the

total. The ubiquitous species were Melanoides nodicincta and Melanoides tuberculata (see Table 4).

Table 4: Frequency of occurrence F of Dajoz (2003) showing the rare, passive, constant, regular, and

omnipresent species during the study

Taxa S1 S2 S3 S4 S5 S6
Melanoides nodicincta ek ok * kK * *
Melanoides luberculata keskosk skskskok skoskoskoskok skskoskok skskoskok ks
Aspatharia senegalensis ~ * * * * * *
Aspatharia chaiziana * * * * * *
Gabbiella tchadiensis * Hokok otk ok * ok
Gabbiella spiralis * * * * * *
Caelatura aegyptiaca * * * * * *
Caelatura teretiuscula * * * * * *
Mutela dubia * * * * * *
Bellamya unicolor * * * * * *
Brachysthemis * * * * * ”
leucosticta

Caridina africana * * * * * *
Omotonus sp. * * * * * *
Hyphydrus sp. * * * * * *
Pseudagrion sp. * * * * * *%
Ranatra linearis * * * * * *
Orectogyrus sp. * * * * * *
Baetis sp. * * * * * *
Methles sp. * * * * * *
Guignoyus sp. * * * * * s
Lestes sp. * * * * * *
Laccophilus sp. * * * * * *
Corbicula africana *E * * * * *
Anisops sp. * * * * * *
Pisauridae sp.1 * * * * * *
Pisauridae sp.2 ¥ * * * * *
Rhagovelia sp. * * * * * *
Diplonychus sp. ok * * * * *

Omnipresent = ***** Regular = ****, Constant = ***, Accessory = ** and Rare=*



Station S6 had the largest number of taxa (13 taxa). This richness was 6 at stations S5 and S4. At
stations S3, S2, and S1, the number of taxa was 9, 8, and 7, respectively (see Figure 4a). The Friedman
test showed no significant difference in taxonomic richness between the stations (p = 0.0849). However,

richness varied from 1 to 7 taxa (S1, S4, S5, and S6) and was generally low throughout the study.
Biological indices

Spatial abundances were greater at stations S2 and S3, with 154 or 26.27% and 117 individuals
or 19.96%. They are followed respectively by stations S4, S5, S1, and S6 with respective abundances of
82 (14%), 79 (13.48%), 78 (13.31%), and 76 (12.96%) individuals (Figure 4b). The difference in BMI
abundances between the different stations is not significant (p = 0.3758), although varying between 1

individual (S1 and S2) and 42 individuals (S1).

The Shannon and Weaver diversity index varied from 0 (S1) to 1.42 (S6) bits/ind. (Figure 4c). A
significant difference was noted at the 5% between the H’ diversity of stations (p = 0.0445). Indeed, this
diversity varied significantly between station S5 (0.235 £ 0.196 bits/ind.) and S6 (0.878 + 0.487) for p =
0.0393. Globally, the Chari-Logone River complex was poorly diversified. The J index oscillated from 0
to 0.92 (Figure 4d). The Friedman test showed no significant variation in the J index between the stations
studied (p = 0.0657). The benthic macroinvertebrates collected were fairly evenly distributed across the

explored stations.
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Figure 4: Graphical representation of specific richness (a), abundance (b), Shannon (c¢) and Pielou (d)
index in the Chari-Logone River complex
Overall, the similarity indices presented many low values. Nevertheless, these similarities were

considerable between stations S2-S3, S2-S4, S3-S4 and S4-S6 (Table 5).



Table 5: Sorensen similarity coefficient between the different sampled stations

Stations S1 S2 S3 S4 S5
S2 26.66

S3 25 70.58

S4 42.85 66.66 75

S5 30.76 42.85 40 30.76

S6 25 48 46.15 50 17.39

3.3. Effects of abiotic factors on biological abundance

Canonical Correspondence Analysis (CCA) was carried out to establish relationships between
physicochemical parameters and BMI collected during the period of study. The first two axes (axis 1 =
24.4% and axis 2 = 17.1%) showed 41.5% of information (Figure 5). Three groups of inertia were
distinguished based on the connections between benthic macroinvertebrates and physicochemical
parameters. Group I is made up of species that prefer water that contains much organic matter (ammonia,
nitrites). These species are among others Corbicula africana, Mutela dubia, Aspatharia senegalensis,
Aspatharia chaiziana, Melanoides tuberculata, and Caelatura aegyptiaca (Unionida), and Gabbiella
chadiensis (Littorinimorpha). Group II is made up of species preferring an oxygen-rich environment.
These species include Hyphydrus sp., Omotonus sp. (Coleoptera), Ranatra linearis, Anisops sp.
(Heteroptera), Baetis sp. (Ephemeroptera), and Caridina africana (Decapoda). Group III consists of
species such as Pseudagrion sp., Lestes sp. (Odonata), Laccophilus sp., Orectogyrus sp., Methles sp.,
Guignoyus sp. (Coleoptera), and Gabbiella spiralis (Littorinimorpha). The distribution of these species is

considerably influenced by pH and temperature.
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Figure 5: Canonical correspondence analysis biplot showing gathering of benthic macroinvertebrates in

response to environmental variables. T°C = water temperature, pH= potential Hydrogen, Ortho= orthophosphates, %O2=

percentage of dissolved oxygen, Cond= conductivity. Mela.nodi = Melanoides nodicincta, Mela.tuber = Melanoides tuberculate, Aspa.sene
= Aspatharia senegalensis, Aspa.chai = Aspatharia chaiziana, Gab.tchad = Gabbiella tchadiensis, Gab.spira = Gabbiella spiralis,
Caela.aegyp = Caelatura aegyptiaca, Caela.tere = Caelatura teretiuscula, Mut. dub = Mutela dubia, Bel.uni = Bellamya unicolor, Bra.leuco

= Brachysthemis leucosticte, Cari.afri= Caridina Africana, Omo.sp.= Omotonus sp., Hyphy.sp.= Hyphydrus sp., Pseuda.sp.= Pseudagrion

sp., Rana.line = Ranatra linearis, Orecto.sp.= Orectogyrus sp., Baet.sp.= Baetis sp., Meth.sp.= Methles sp., Guigno.sp.= Guignoyus sp.,
Lestes sp.= Lestes sp., Lacco.sp.= Laccophilus sp., Corbi.afri= corbicula africana, Aniso.sp.= Anisops sp., Pisau.sp.1= Pisauridae sp.1,
Pisausp.2= Pisauridae sp.2, Rhago.sp.= Rhagovelia sp., Diplo.sp.= Diplonychus sp.

Some significant correlations were observed in this study (Table 5). Melanoides nodicincta was
significantly and positively correlated with pH (p = 0.021) and with ammonia (p = 0.007). Positive and
significant correlations were observed between Caelatura aegyptiaca with nitrites (p = 0.013) and with
ammonia (p = 0.025), and Pseudagrion sp. was positively and significantly correlated with conductivity
(p = 0.037). These organisms were most abundant when these parameters increased.

Table 6: Summary of Spearman correlation between benthic macroinvertebrate abundances and

physicochemical variables

Variables T°C pH Cond %02 Turb Color Ortho Nitrates Nitrites Ammonia

Melanoides nodicincta 0.497 0.021* 0.103 0.240 0.248 0.419 0.408 0.877 0.758 0.007*
Melanoides tuberculata 0.067 0.276 0.122 0.870 0.228 0.299 0.076 0.416 0.018* 0.210
Aspatharia senegalensis 0.383 0.840 0.360 0.162 0.977 0.991 0.156 0.624 0.760 0.384
Aspatharia chaiziana 0.472 0.826 0.198 0.623 0.324 0.695 0.647 0.061 0.049* 0.932
Gabbiella tchadiensis 0.775 0.713 0.780 0.751 0.782 0.571 0.539 0.632 0.300 0.567
Gabbiella spiralis 0.282 0.593 0.257 0.654 0.906 0.792 0.734 0.313 0.596 0.268
Caelatura aegyptiaca 0.155 0.294 0.295 0.593 0.172 0.295 0.381 0.631 0.013* 0.025*

Caelatura teretiuscula 0.366 0.887 0.317 0.317 0.232 0.125 0.506 0.124 0.812 0.136




Mutela dubia 0.963 0.366 0.670 0.233 0.392 0.125 0.813 0.850 0.416 0.091

Bellamya unicolor 0.113 0.272 0.233 0.165 0.392 0.197 0.341 0.196 0.812 0.569
Brachysthemis leucosticta 0.538 0.537 0.295 0.887 0.813 0.887 0317 0.536 0.703 0.272
Caridina africana 0.953 0.271 0.362 0.902 0.503 0.369 0.479 0.167 0.122 0.811
Omotonus sp. 0.137 0.196 0.197 0.740 0.137 0.181 0.963 0.112 0.270 0.704
Hyphydrus sp. 0.137 0.196 0.197 0.740 0.137 0.181 0.963 0.112 0.270 0.704
Pseudagrion sp. 0.973 0.453 0.037* 0.946 0.305 0.339 0.148 0.734 0.319 0.658
Ranatra linearis 0.476 0.272 0.137 0.670 0.537 0.538 0.669 0.887 0.535 0.635
Orectogyrus sp. 0.476 0.272 0.137 0.670 0.537 0.538 0.669 0.887 0.535 0.635
Baetis sp. 0.814 0.268 0.209 0.632 0.967 0.799 0.934 0.838 0.849 0.583
Methles sp. 0.476 0.272 0.137 0.670 0.537 0.538 0.669 0.887 0.535 0.635
Guignoyus sp. 0.476 0.272 0.137 0.670 0.537 0.538 0.669 0.887 0.535 0.635
Lestes sp. 0.151 0.272 0.137 0.273 0.537 0.670 0.196 0.365 0.090 0.536
Laccophilus sp. 0.151 0.272 0.137 0.273 0.537 0.670 0.196 0.365 0.090 0.536
Corbicula africana 0.462 0.229 0.090 0.374 0.619 0.443 0.557 0.403 0.418 0.095
Anisops sp. 0.602 0.232 0.741 0.197 0.635 0.776 0.850 0.537 0.703 0.475
Pisauridae sp.1 0.962 0.887 0.538 0.420 0.273 0.366 0.150 0.180 0.812 1.000
Pisauridae sp.2 0.962 0.887 0.538 0.420 0.273 0.366 0.150 0.180 0.812 1.000
Rhagovelia sp. 0.705 0.476 0.538 0.165 0.102 0.125 0.887 0.537 0.148 0.850
Diplonychus sp. 0.317 0.317 0.366 0.602 0.341 0.181 0.670 0.232 0.148 0.569

The p-values bearing a star (*) are significant correlations at the level of p = 0.05

The analysis of indicator values by Dufréne and Legendre (1997) reveals four indicator taxa at the 5%
level, namely two taxa for site S6 and one taxon each for sites S2 and S3. No indicator taxa were observed
at sites S1 and S4 (Fig. 6). Site S2 is characterised by Gabbiella tchadiensis (IndVal = 29.63%; p =
0.0195), and site S3 is characterised by Melanoides tuberculata (IndVal = 33.73%; p = 0.0051). Station
S6 is therefore characterised by Caridina africana (IndVal = 47.22%; p = 0.0063) and Pseudagrion sp.
(IndVal = 33.33%; p = 0.0235).
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Figure 6: Map of the indicator values of benthic macroinvertebrates collected in the Chari-Logone river

complex, with p < 0.05 boxed.



4. Discussion
4.1. Physicochemical characteristics

The temperature values recorded during the study period (22.6 - 30.12 °C) varied slightly
between the stations. This could be explained by the absence of the canopy in the stations and the
importance of solar rays. These temperature values (26.66 + 2.12 °C), on the one hand, are close to those
obtained by Sanogo et al. (2021) in the Kou river (26.13 + 1.73 °C). On the other hand, they are higher
than those obtained by Koumba et al. (2017) in the streams of the National Park in the southwest of
Gabon (22.22°C). The pH average (7.37 £ 0.67) corresponds to that of the neutral surface water (Rodier et
al., 2009). Indeed, pH values between 5 UC and 9 UC are considered normal for biological development
(Blinda, 2007). Electrical conductivity also had values that gradually evolved over the study period. These
values , which oscillated between 86 and 240 uS/cm (124.42 + 40.53), show weak mineralisation. These
values are far lower than those (39.42 -1332 uS/cm) obtained by Madomguia et al. (2019) in the Far-
North of Cameroon.

The oxygen contents varied with an average of 79.25 + 11.42%. These values, close to those
obtained by Ngoay-Kossy et al. (2018) and Dzavi et al. (2020), respectively in the Central African
Republic and North Cameroon, showed good oxygenation of the water. However, values lower than 60%
recorded at stations 4 and 5 at certain sampling periods could be linked to the process of transforming
waste from industrial effluents from breweries and slaughterhouses. The slightly elevated concentrations
of different nitrogen forms and orthophosphates are believed to be due to anthropogenic activities, notably
laundry and vegetable crops, which could result from the discharge of detergents and fertilizers. Certain
values are higher than those obtained by (Biram a Ngon et al., 2020) but lower than those obtained by
Temgoua Zemo et al., 2023). The average values of the different physicochemical parameters didn’t seem
to show poor quality of water, but they were limited in giving the precise water quality.

Concernig pollution, the average OPI (2.81 £ 0.22) indicates globaly hight pollution. With the exeption of
Station S1, which is moderately polluated, the high levels of pollution observed at all other stations could
be attribueted to a combination of pollutants from agricultural,fishing and transportation activities, as

well as effluents from slaughterhouses and breweries operating in those areas.

4.2. Benthic macroinvertebrates’ structure

The portion of the Chari-Logone River complex studied is a Gastropod-dominated community.
The same findings are generally reported in studies carried out on urban waterways in sub-Saharan Africa
(Kock and Wolmarans, 2009; Tchakonté et al, 2014b; Koudenoukpo et al., 2021). Generally, the
dominance of gastropods is linked to their resistance to water pollution and siltation of the seabed (Dillon,

2000a; Tchakonte et al., 2023). Being scrapers (Tachet et al., 2010), gastropods easily find nutrients by



scraping the bottoms of waterways and do better than other organisms like crustaceans and insects, which
prefer heterogeneous and less polluted habitats (Mboye et al., 2020; Temgoua Zemo et al., 2023). Only
the species Melanoides nodicincta, Melanoides tuberculata, and Gabbiella tchadiensis were recurrent in
the Chari-Logone River complex. Unlike other rare species, these three species seem to be the most
resistant and invasive (Durdn-Rodriguez et al., 2024). It should also be remembered that these organisms
favor rivers or lentic environments with harsh conditions (Strong et al., 2008; Koudenoukpo et al., 2021).
Whether it is the abundance of organisms or the taxonomic richness, the Chari-Logone River complex has
probably lost part of its biodiversity following the urbanization and industrialization of its watershed. The
richness and abundance reported in this study indicate a scarcity of organisms and low diversity (Marcon,
2010). Urbanization in Africa has notable effects on biodiversity (Munganga Kilingwa et al., 2020;
Koudenoukpo et al., 2021; Edegbene ef al., 2023, 2023; Temgoua Zemo et al., 2024).

The organisms were almost the same in the sections inside the city of N’Djamena. Only the up
station and the down station, located respectively before and after the city, showed a dissimilarity with the
other stations. The very high number of rare species is at the origin of this dissimilarity. Foto Menbohan et
al. (2019) noted this discontinuity within the benthic macroinvertebrate community of a watercourse
whose downstream portion was disturbed. They had shown that pollution was the cause of the
modification of the biological composition and even the structure. We propose to follow Carraro et al.
(2020) that an eDNA study could provide deep insight into more species of benthic macroinvertebrates
that populate this Chari-Logone river system. The world is increasingly calling for river restoration (Feio
et al., 2021). Rare species Caridina africana, Baetis sp., Rhagovelia sp., Lestes sp., or Ranatra linearis
are very sensitive to pollution (Andem et al., 2023; Akindele et al., 2024; Dzavi, 2024). It is therefore not

surprising that they are rare in this study.
4.3.Abiotic variables' effects on benthic macroinvertebrates

The presence of industrial effluents probably containing heavy metals and organic matter would
have positive effects on certain organisms (Melanoides nodicincta) and negative effects on others
(Caridina africana, Baetis sp.). Koudenoukpo et al. (2021) have shown that certain gastropods are
associated with significant organic pollution and the presence of heavy metals. Notably, Melanoides
tuberculata grows in varied environments (rock, mud, still water, low flow) with a wide range of pH and
cations (Berry and Kadri, 1973; Vogler ef al., 2012). Although suggested for several years as an invasive
species in certain environments (Vogler ef al., 2012), it is the most abundant and frequent species in the
Chari-Logone River complex. The less recurrent genus Gabbiella (G. chadiensis and G. spiralis) has
already been reported in Lake Chad and sub-Saharan Africa (Dillon, 2000b). Other benthic

macroinvertebrates, due to their character, had no association with abiotic variables. These observations



are mentioned in the literature (Strong et al., 2008; Kock and Wolmarans, 2009; Tchakonté et al., 2015;
Bohm et al., 2020; Onana et al., 2021; Dzavi et al., 2022).

The results of the IndVal analysis indicate a clear ecological differentiation of communities
between sites, as it combines relative abundance and occurrence fidelity to identify taxa strongly
associated with specific locations (Dufréne and Legendre, 1997). The absence of indicator taxa at S1 and
S4 may suggest lower biological specificity at these sites or more uniform or disturbed environmental
conditions that do not support the assembly of specialist species (Xu et al., 1999; Mboye et al., 2020). In
contrast, the presence of indicators at S2, S3, and particularly S6 suggests more distinct ecological niches.
Gabbiella tchadiensis at S2 and Melanoides tuberculata at S3 seem to serve as markers of specific local
conditions. Meanwhile, Caridina africana and Pseudagrion sp. at S6 have the highest indicator values
and reflect this site's particular preference for habitats suitable for these taxa. It indicated that the water
quality is improving in the downstream (Tchakonté et al., 2014a). M. tuberculata is especially notable
because it is often found in permanent and varied environments, sometimes in modified habitats, which
may explain its indicator role at certain sites (Kock and Wolmarans, 2009; Duran-Rodriguez et al., 2024).
Overall, the statistical significance of the IndVal values at the 5% threshold supports the idea that the

identified taxa can serve as useful bioindicators for assessing the quality or type of the habitats studied.

5. Conclusions

This study made it possible to inventory the benthic macroinvertebrates in the Chari-Logone
River complex around the N’Djamena town. These fairly well oxygenated waters still have slightly high
levels of nitrogen and phosphate nutrients, and are very poorly diversified. The arthropod phylum
presented the greatest abundance. Crustacea were present mainly downstream from the town, where the
dominant substrate is sand, and there are no macrophytes. The main taxa in this River complex were
pollution-resistant or seemed to need organic matter. The benthic macroinvertebrate community presented
low taxonomic richness and diversity. The Chari-Logone River complex is disturbed and shows more
pollutants and organisms, mainly Gastropod, but ecological conditions seem to be restoring downstream
from the city of N’Djamena, with the appearance of Crustacea, recognised as pollution-sensitive. We
propose to the Chadian authorities to protect the Chari-Logone River complex from industrial and
domestic effluents, because it is of capital importance for the population. We believe that the
physicochemical variables selected in this study are limited to have precise information on water quality
since the organisms identified were pollutant-tolerant. In future studies, we suggest analyzing heavy
metals and other active ingredients contained in the products used in vegetable crops and factories whose
effluents flow into the Logone-Chari River complex. This will enable the sustainability of fish,

navigation, and recreational areas for people.
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