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Abstract 
The inventory of benthic macroinvertebrate species was carried out in some 
streams of the Mefou catchment area, from August 2021 to August 2022, in 
order to determine the biological groups that make up the population and 
characterise these environments. The dataset acquired during this study made 
it possible to update the existing database and contribute to the knowledge of 
the biological groups associated in these environments, and to provide addi-
tional information on the existing ones in relation to bioindication. Overall 
80 families were identified and, on the basis of frequencies of occurrence 
greater than 75%, 22 families were retained as potential biological indicators. 
The remarkable diversity of insects and the low abundance of Diptera reflect 
the low degradation of environments and the good quality of water. The high 
diversity indices obtained reflect the maintenance of the favourable ecological 
conditions that favours the development of a balanced and, integrated bio-
logical community capable of adapting to changes. 
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1. Introduction 

Considered as an ecosystem with several functions, forest streams constitute an 
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excellent environment for biodiversity conservation because they host a large 
fauna that provides information on the multiple events occurring over time. In 
order to gain a good understanding of the functioning and maintenance of eco-
logical balance of this environment, it is, therefore, necessary to carry out regular 
inventories to monitor the evolution of various biological groups that inhabit 
these environments and characterise them. Although the monitoring of aquatic 
environments integrity has long been based on abiotic components, which only 
provide specific information, the increasingly important combination of biological 
approaches in most hydrobiological studies makes it possible to provide more 
complete information, since the physico-chemical properties of water quality 
associated with that of aquatic habitats can be used to assess water quality [1]. It 
is therefore necessary to integrate the study of biological communities in forest 
environments, which can be used as reference points to characterise aquatic en-
vironments. In urban areas, the development of agricultural and industrial ac-
tivities contributes to the settlement of humans and exerts a real tropism on new 
populations [2]. However, demographic densification and agricultural intensifi-
cation remain the major causes of degradation of aquatic ecosystems [3]. Indeed, 
contaminants from anthropogenic activities have adverse effects on the devel-
opment of the biota present and overall disturbance of aquatic ecosystems is 
very often felt at the level of biological communities. This concern implies that 
adequate measures be taken to permanently monitor the quality of aquatic envi-
ronments, and more specifically forest milieu, which are capable of constituting 
a veritable niche of precise biological information for assessing the health condi-
tion of watercourses. Thus, the monitoring of aquatic ecosystems integrity is now 
based on measurements relating to the biological communities in place, and in 
particular macroinvertebrates. These organisms, which are widely distributed in 
different water, are characterised by their differential pollutant sensitivity, a main 
characteristic used in the bioindication of aquatic ecosystems [4] [5]. This study 
constitutes an informative data bank that can be used as a basis for comparison 
for further studies and a certain reference state for knowing the diversity of ben-
thic macroinvertebrates as bioindicators of the state of environment. The analy-
sis of the results obtained will make it possible to highlight aquatic macroinver-
tebrate taxa of ecological interest or even bioindicators of the biological quality 
of these water bodies. 

2. Materials and Methods 
2.1. Study Site 

The ecological region of the Central-Southern forest of Cameroon is located be-
tween 3˚30' - 3˚58' North latitude and 11˚20' - 11˚40' East longitude. Four 
sub-catchments (Abouda, Nga, Fam, and Nkoumou) were selected for this study 
and 12 sampling points were chosen on the basis of accessibility, riffles, flats and 
microhabitats. With an average altitude of around 750 m, its relief is generally 
uneven and the urban area extends over several hills 25 to 50 m above the pla-

https://doi.org/10.4236/oje.2024.144023


E. B. Biram à Ngon et al. 
 

 

DOI: 10.4236/oje.2024.144023 383 Open Journal of Ecology 
 

teau. The climate is equatorial with bimodal rainfall, characterised by moderate 
rainfall (1576 mm/year) varying between 1500 and 1700 mm per year, with 
temperatures that vary little over time. There are four seasons, unevenly distrib-
uted and of varying length from one year to the next. The vegetation is of the 
dense secondary forest type and the hydrographic network is dense with water 
flowing towards the Nyong River [6].  

2.2. Sampling of Macroinvertebrates  

Macroinvertebrates were collected using a 30 × 30 cm kick-net with a 400 μm 
mesh size. Care was taken to include all possible habitats over representative sec-
tions of the stream (100 m long), according to multihabitat sampling procedure 
proposed by [7]. The organisms collected were put in polyethylene tubes con-
taining 10% formalin. In the laboratory, the organisms were washed with water, 
handpicked from samples and preserved in 90˚ alcohol for subsequent counting 
and identification up to the family level using a stereoscopic microscope of the 
brand Wild M 5. The identification keys of [8] [9] and [10] were used. The 
taxonomic level retained was the family.  

2.3. Statistical Analyses  

The abundances obtained were weighted by the effective scanning area (3 m2) to 
calculate the densities of benthic macroinvertebrates (number of individuals per 
m2).  

 2
Number of individuals collectedBenthic density

3 m
=  (1) 

The Past software (PAleontological Statistics), Version 2.16 [11] was used to 
construct the hierarchical classification dendrogram for the discrimination of 
watercourses. The Euclidean distance was used as the link of the distance.  

The frequency of occurrence (F) of a taxon is the ratio between the number of 
samples (Pa) of a station where the taxon is present by the total number (P) of 
samples. Four groups are thus defined by [12]: “very frequent” taxa with F ≥ 
50%; “frequent” taxa with 25% ≤ F < 50%; rare taxa with F < 25% and absent 
taxa with F = 0%.  

Shannon-Weaver Index (H') and Piélou Equitability Index  
The Shannon and Weaver [13] diversity index is given by the formula 

 1 lni ii
sH p p
=

′ = −∑  (2) 

pi = Ni/N  

Ni: number of individuals of a given taxon, i ranging from 1 to S (total number 
of taxa). N: total number of individuals. H' is minimal (=0) if all individuals in 
the stand belong to one and the same taxon, H' is also minimal if in a stand each 
species is represented by one individual, except for one taxon which is repre-
sented by all other individuals in the stand. The index is maximal when all indi-
viduals are equally distributed over all taxa. 
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The Shannon index is often accompanied by the Piélou equitability index J'  

 maxJ H H′ ′ ′=  (3) 

 max logH S′ =  (S = total number of species) (4) 

The equitability index measures the distribution of individuals within species, 
independently of species richness. Its value varies from 0 (dominance of one of 
the species) to 1 (equidistribution of individuals within the species). 

The rarefaction methods consist of estimating the number of species for a 
certain number of individuals. The results are independent of the sample size 
and can be represented by a rarefaction curve where the ordinate can represent 
the number of species and the abscissa can represent time, distance from a pol-
lution source, number of individuals [14]. 

3. Results 

A total of 13,436 individuals were collected. 4491 individuals were obtained in 
Abouda watercourse, 2715 individuals in Fam watercourse, 2574 individuals in 
the Nkoumou watercourse and 4356 individuals in Nga watercourse. These in-
dividuals are divided into 3 phyla (Annelida, Mollusca and Arthropoda), 6 
Classes (Acheta, Oligocheta, Gasteropoda, Lamellibrancha, Crustacea and Insecta), 
14 orders and 80 families. Insects dominate the benthic fauna with 9498 individu-
als (71.03%) of the total abundance. They are followed by Crustacea with an 
abundance of 2923 or 21.86%. Bivalva, Gasteropoda, Oligocheta and Acheta are 
the least represented groups with 343 individuals or 2.56%, 367 individuals or 
2.74%, 156 individuals or 1.16% and 259 individuals or 1.94% respectively. 

3.1. Aquatic Insects  

Represented by 7 orders, namely Ephemeroptera, Plecoptera, Trichoptera, Col-
eoptera, Hemiptera, Diptera and Odonata, these organisms were collected in all 
the watercouses. 

3.1.1. Order Ephemeroptera 
The families of Ephemeropera identified are Siphonuridae, Potamanthidae, 
Heptageridae, Ephemeridae, Ephemerellidae, Leptophlebidae, Ameletidae, Po-
lymitarcidae. The individuals were sampled in the grass beds and under the 
roots of macrophytes. These individuals form one of the most diverse groups 
with a relative abundance of (16.67%) of the total number. The quantitative dis-
tribution of families within this order indicates a fauna dominated by the 
Ephemerellidae (18.02%), followed by Beatidae (14.59%), Ephemeridae (14.41%) 
and Siphlonuridae (9.95%). The other families are poorly represented with rela-
tive abundances below 10%. 

3.1.2. Order Plecoptera 
Three families were sampled: Perlidae, Perlodidae and Chloroperlidae. The Ple-
coptera represent 4.8% of the individuals collected overall and 6.43% of the in-
sects. Perlidae and Perlodidae presented the highest abundances of the Plecop-
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tera fauna with (42.79% and 39.53%) respectively. Abouda and Nga watercourses 
recorded the highest abundance of Plecoptera with 208 individuals (32.25%) and 
221 individuals (34.26%) respectively. 

3.1.3. Order Trichoptera 
Represented by 11 families, namely Polycentropodiidae, Brachycentridae, Glo- 
ssossomatidae, Hydropsychidae, Leptoceridae, Limnephilidae, Philopothamidae, 
Phryganeidae, Hydroptilidae, Ecnomidae and Goeridae, this order contributes 
13.47% of the total benthic macroinvertebrate fauna and 18.05% of the insects 
collected. The most representative families are the Glossossomatidae with 426 
individuals (23.54%), followed by Hydropsychidae with 387 individuals 
(21.38%), Philopothamidae with 278 individuals (15.36%), Polycentropodiidae 
with 240 individuals (13.26%), Brachycentridae with 207 individuals (11.44%) 
and Leptoceridae with 146 individuals (8.06%). The other families are poorly 
represented with less than 100 individuals. The observation of the colonisation 
of individuals shows that Abouda and Nga watercourses recorded the highest 
abundance with respectively 623 (34.42%) and 578 (31.93%). 

3.1.4. Order Coleoptera 
12 families of Coloptera namely Curculionidae, Dytiscidae, Chrysomelidae, Dryopi-
dae, Elmidae, Gyrinidae, Hydraenidae, Halipidae, Hydrophilidae, Hydroscaphidae, 
Notoridae and Hygrobiidae were collected during this study and recorded an 
abundance of 1495 individuals (11.13%). These individuals represent 14.91% of 
the insect fauna obtained. The most abundant families were Gyrinidae with 195 
individuals (13.04%), followed by Hygrobiidae with 178 individuals (11.91%), 
Chrysomelidae with 161 individuals (10.77%), Curculionidae with 149 individu-
als (9.97%), Dytiscidae with 146 individuals (9.76%), Hydraenidae with 147 in-
dividuals (9.83%) and Hydrophilidae with 132 individuals (8.83%). The analysis 
of the colonisation of the watercourses shows that Abouda has a high abundance 
with 512 individuals (34.25%) followed by Nga with 426 individuals (28.5%) and 
Nkoumou with 366 individuals (24.48%).  

3.1.5. Order Hemiptera 
The families of Hemiptera present are Nepidae, Naucoridae, Pleidae, Corixidae, 
Hydrometridae, Notonectidae, Gerridae, Veliidae, Micronectidae, Halobatinae, 
Mesoveliidae, Aphelocheridae and Belostomatidae. These families represent 
14.92% of the benthic macroinvertebrate fauna and 19.99% of the insects ob-
tained. The most representative families is Pleidae with 340 individuals (16.97%), 
Naucoridae with 255 individuals (12.72%), Mesoveliidae with 226 individuals 
(11.28%), Veliidae with 186 individuals (9.28%), Nepidae with 160 individuals 
(7.98%), Belostomatidae with 144 individuals (7.18%) and Micronectidae with 
127 individuals (6.34%). The other families although present, recorded relatively 
low abundances. The analysis of the abundances allows us to note that Abouda 
and Nga watercourses recorded the highest abundances with respectively 688 
individuals (34.33%) and 553 individuals (27.59%). 
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3.1.6. Order Diptera 
Eight families including Tipulidae, Blephariceridae, Ceratopogonidae, Chirono- 
midea, Chrysomelidae, Dixidae, Tipuloidae and Simulidae constitute this order. 
These organisms represent 3.29% of the benthic macroinvertebrate fauna and 
4.41% of the insects sampled, and are one of the least dominant groups in this 
aquatic fauna. However, Dixidae, Chiromidae, Chrysomelidae, Ceratopogonidae 
and Tipulidae are the groups with relatively high abundances. Nkoumou 
(32.58%), Nga (23.98%) and Fam (29.18%) watercourses have high abundances. 

3.1.7. Order Odonata 
Ten families namely Aeshnidae, Calopterygidae, Coenagrionidae, Gomphidae, 
Lestidae, Libellulidae, Platycnemiidae, Macromiidae and Corduliidae form this 
order. They represent 10.32% of all benthic organisms and 13.84% of the insects 
collected. The most represented families are Platycnemididae with 240 individu-
als (17.31%), followed by Calopterygidae with 217 individuals (15.65%), Libellu-
lidae with 197 individuals (14.2%), Aeshnidae with 164 individuals (11.82%), 
Macromiidae with 145 individuals (10.45%), Corduliidae with 123 individuals 
(9.52%) and Coenagrionidae with 108 individuals (7.78%). The distribution of 
these animals in the watercourses shows that Nga and Nkoumou record the 
highest abundances with 430 individuals (31%) and 417 individuals (30.06%) 
respectively. 

3.2. Crustacea 

Represented by the order of Decapoda, this class is the largest contributor in 
terms of abundance of individuals in this study. The families that constitute it 
are Atyidae with 2432 individuals (83.2%) and Potamonidae with 491 individu-
als (16.79%). Nga and Abouda watercourses recorded highest abundance with 
994 individuals (34.01%) and 945 individuals (32.33%) respectively.  

3.3. Lamellibranchia 

Represented by a single order of Lamellibranchia and a single family Sphareidae, 
they contribute to 2.55% of the total abundance of organisms collected. Nga re-
corded the highest number of 196 individuals (57.14%).  

3.4. Gasteropoda 

They are represented by the order Basomatophora and two families including 
Planorbidae and Limneidae. They contribute 2.73% to the total abundance of 
organisms collected. Planorbidae are the most represented family with an abun-
dance of 322 individuals (87.74%) and Limneidae have 45 individuals (12.26%). 
The colonisation of watercourses by these organisms shows that Fam water-
course records highest abundance with 152 individuals (41.42%), followed by 
Nga with 98 individuals (26.7%) and Abouda with 85 individuals (23.16%). 
Nkoumou recorded a low abundance with 32 individuals (8.72%).  
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3.5. Oligocheta 

Represented by two orders (Lumbriculida and Haplotaxida) and four families 
(Lumbriculidae, Haplotaxidae, Sparganophilidae and Tubificidae), they account 
for 1.16% of overall abundance of benthic organisms sampled. The analysis of 
colonisation shows that Nkoumou and Nga watercourses record similar abun-
dances, respectively 55 individuals (41.98%) and 51 individuals (38.93%). How-
ever, in Abouda and Fam streams, the abundances are identical with 25 indi-
viduals each (19.08%). 

3.6. Acheta 

The Acheta are represented by two orders (Rhynchobdellida and Archynchob-
dellida) and two families (Glossiphonidae and Erpobdellidae) with an abun-
dance of 259 individuals (1.93%). Glossiphonidae are the major contributors in 
this group with an abundance of 220 individuals (1.64%). The colonisation of 
the environments indicates a high abundance in Nga and Abouda watercourses 
with respectively 102 individuals (39.38%) and 91 individuals (35.14%). 

On the taxonomic level represented by the orders, the quantitative organisa-
tion of individuals indicates a predominance of Decapoda (21.75%), followed by 
Ephemeroptera (16.67%), Hemiptera (14, 92%), Trichoptera (13.47%), Coleop-
tera (11.13%), Odonata (10.32%), Plecoptera (4.6%), Diptera (3.29%), Basomato-
phora (2.73%), and Eulamellibrancha (2.55%). The other orders (Arhynchod-
blelida, Lumbriculida and Haplotaxida) each have a relative abundance of less 
than 1% (Figure 1). 

3.7. Seasonal Variation of Macroinvertebrate Density  

The densities of benthic macroinvertebrates obtained in the four watercourses 
are presented in Figure 2. From this observation, it can be seen that benthic 
densities show maximum values in the dry season (Long dry season for Abouda,  
 

 

Figure 1. Distribution of the different orders of benthic macroinvertebrates. 
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Figure 2. Evolution of the density of benthic macroinvertebrates in watercourses accord-
ing to the seasons. PSP = Short raining season; GSP = Long raining season; PSS = Small 
dry season; GSS = Long dry season. 
 
Fam, Nga and Short dry season for Nkoumou). The peak periods were observed 
in Nga (35 individuals per m2) with an average of 23 ± 13.47; 32 individuals per 
m2 in Abouda an average of 17.23 ± 4.54; 24 individuals per m2 in Fam with an 
average of 17.87 ± 2.31 and 34.97 individuals per m2 with an average of 28.41 ± 
5.89. Analysis of the t-test results (Table 1) indicates that there is no significant 
difference between these means. In fact, since the probabilities are greater than 
0.05, the average benthic densities of the four rivers are not statistically different. 

3.8. Assessment of Macroinvertebrate Diversity  
3.8.1. Frequency of Occurrence (F)  
80 families of macroinvertebrates were identified, 71 families were identified in 
Abouda stream, 72 in Fam stream, 76 in Nkoumou stream and 74 in Nga stream. 
22 families are very frequent in the four streams and recorded the frequency oc-
curence above 75%. These are the families of Ephemeridae, Ephemerllidae, Be-
atidae, Perlidae, Perlodidae, Hydropsychidae, Phylopothamidae, Polycentropii-
dae, Brachycentridae, Gyrinidae, Hygrobiidae, Chrysomelidae, Pleidae, Nau-
coridae, Platycnemididae, Calopterygidae, Coenagrionidae, Atyidae, Potamoni-
dae, Sphaeridae, Planorbidae and Hydrophilidae. The following families had re-
corded the occurrence frequency of 50%. They are Lumbriculidae, Haplotaxidae, 
Sparganophilidae, Siphonuridae, Potamanthidae, Heptageridae, Leptophlebidae, 
Ameletidae, Polymitarcidae, Chloroperlidae, Glossossomatidae, , Curculionidae, 
Dytiscidae, Dryopidae, Elmidae, Hydraenidae, Halipidae, Hydroscaphidae, No-
toridae, Nepidae, Hydrometridae, Notonectidae, Gerridae, Veliidae, Microvelii-
dae, Halobatinae, Mesoveliidae, Aphelocheiridae, Belostomatidae, Chironomi-
dae, Chrysomelidae, Dixidae, Aeshnidae, Cordulegasteridae, Gomphidae, Lesti-
dae, Libellulidae, Macromiidae and Cordulidae. In contrast, Glossiphonidae, 
Erpobdollidae, Limneidae, Tubificidae, Prosopistomatidae, Odontoceridae, Cae-
nidae, Leptoceridae, Limnephilidae, Phrygarneidae, Ecnomidae, Corixidae and 
Tipulidae, Georidae and Ceratopogonidae, Blephereceidae and Tipuloidae, al-
though not present in all the rivers, recorded a frequency of occurrence of 10%. 
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Table 1. Results of the t-test of benthic macroinvertebrate density means. 

Sites Abouda/Fam Nkoumou/Nga Abouda/Nkoumou Fam/Nga 

t test mean 6.97 4.3935 7.975 4.082 

p (mean) 0.0907 0.14247 0.079 0.153 

p being the probability that the means are statistically different. 

3.8.2. Shannon and Weaver Diversity (H') and Piélou Equitability (J') 
Analysis of the values of Shannon-Weaver diversity index and Piélou’s equitabil-
ity shows that these indices evolve in a spatially synchronous manner and vary 
from H' = 3.87 bit/ind and J' = 0.89 (Abouda) to H' = 4.05 bit/ind and J' = 0.93 
(Nkoumou). In terms of time, these indices range from from H' = 3.54 bit/ind 
and J' = 0.82 (GSP) to H' = 4.04 bit/ind and J' = 0.93 (PSS) (Figure 3). Overall, 
Nkoumou and Nga rivers and the PSS and PSP seasons showed high values of 
diversity indices. Despite the variations observed, no significant differences were 
observed, reflecting an equitable distribution of benthic macrofauna in the dif-
ferent rivers. 

3.9. Seasonal Variation of Macroinvertebrate Families  

Based on the abundance of benthic macroinvertebrate families, it appears that in 
all the rivers, the curves show the same evolution. Abouda stream shows the 
peak of families in Long dry season and Short dry season, in Fam, this peak is 
reached in Short raining season, Nkoumou notes its family peak in Long dry 
season with almost similar numbers in the other seasons. Nga showed its family 
ceiling in Short raining season and Long dry season (Figure 4). The analysis of 
the similarity dendrogram of the forest streams shows two groups on Nkoumou 
stream and on the Abouda, Fam and Nga streams on the other hand (Figure 5). 
These groups show strong similarities among them and support the almost 
similar evolution of the indices of appearance of specimens in the watercourses. 

4. Discussion 

With 13436 individuals recorded, this study is one of the most important data-
bases of the benthic macrofauna of the forested rivers of Central South ecologi-
cal region of Cameroon available to date. This survey made it possible to organ-
ise the data into 3 phyla, 6 classes, 14 orders and 80 families identified. These 
results are similar to those of [5] [15] who obtained a high diversity in few Me-
fou turbutary. This would be due to the fact that the surveyed rivers are located 
far from anthropogenic disturbances and are in the same ecological zone and 
contrast with those of [4] [11] in the Bagré dam lakes and the Volta basin in 
Burkina Faso which are environments disturbed by anthropogenic activities. The 
high taxonomic richness obtained in the different rivers and, the presence of 
several phyla would be due to the presence in these ecosystems of a remarkable 
diversity of microhabitats, essential for the development of a rich and diversified 
benthic fauna [16]. In addition, the class of insects predominates the benthic  
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(a)                                   (b) 

Figure 3. Spatial (a) and temporal (b) variation of the Shannon and Weaver index and 
equitability of piélou. 
 

 

Figure 4. Seasonal variation of rarefaction curves of macroinvertebrate families in rivers. 
 
fauna with an abundance of 9498 individuals (71.03%), with a remarkable rep-
resentation of the EPT (Ephemeroptera, Plecoptera, Trichoptera) complex, 
which stands out with 26 families and contributes for 32.62% of total abundance. 
This quasi-dominance of insects and also the presence in all watercourses the 
EPT that are considered as the most sensitive to pollution by [17], translates the 
fact that these environments have stable conditions and good water quality, 
which makes it possible to confer on these ecosystems the character of reference  
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Figure 5. Grouping of rivers according to their affinity. 
 
environments. In this respect [18] point out that in aquatic environments, in-
sects are very sensitive to pollution and environmental modification. Crusta-
ceans constitute the second most important class in terms of abundance with 
2923 individuals (21.75%) of all benthic organisms. The family Atyidae is the 
most represented and was collected synchronously with the EPT and confirms 
the character of the dominant family of forest streams. This observation cor-
roborates the work of [15] and [19] who indicated a predominance of Atyidae in 
the few forest streams of Cameroon. This remarkable proliferation of Crustacea 
would be due to the good oxygenation of waters which is a criterion of good wa-
ter quality. To this effect, [8] affirmed that Crustacea Decapoda thrives in well 
oxygenated environments and is very sensitive to the decrease in dissolved oxy-
gen content. According to [14], the study of an environment should not only 
focus on the absence or presence of a few key species, but should take into ac-
count all the species present in the community. It therefore appears that the De-
capoda, Hemiptera and the EPT complex would be good biological tools for as-
sessing the biological quality of forest aquatic environments.  

From a temporal side, the taxonomic composition did not vary significantly 
from one season to another, despite the variations observed here and there. 
However, the Short dry season recorded the highest value for the family scarcity 
index and diversity index. This would be due to the low quantities of water and 
current observed at this season, thus favouring a better collection of organisms 
in the different microhabitats. This observation is in contrast with the conclu-
sions of [15] who observed a high diversity during the rainy months. Indeed, the 
rainy seasons constitute periods of instability of the environment during which, 
most of benthic invertebrates are carried away by the strong currents. [20] strongly 
affirms in this respect that, in aquatic environments, floods create conditions of 
instability of the bottoms and provoke the drifting of populations. The observa-
tion of the colonisation of watercourses shows that Abouda and Nga recorded 
highest specific richness, and the values of diversity indices remain high. These 
high values of diversity indices would be the result of the perfect integrity of 
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these hydrosystems. These observations are in agreement with [12] [21] [22] 
[23] who affirm that a diversity index is higher when the environmental condi-
tions favour the installation and maintenance of a balanced, integrated biological 
community capable of adapting to changes. The resemblance dendrogram re-
mains of interest for our bioindication-oriented study. Its analysis reveals that 
the use of the family as a taxonomic level makes it possible to discriminate be-
tween watercourses on the basis of their similarity. This taxonomic level is 
widely used in the calculation of the biological quality index of watercourses at 
the European level [22] and [23]. This study, which is one of the first concerning 
the inventory of benthic macroinvertebrates in four Cameroonian forest streams, 
the observations of the groups present in the samples coupled with their fre-
quency of occurrence make it possible to identify macroinvertebrate taxa that 
can be described as pollution-sensitive. Indeed, these taxa are from the four wa-
tercourses with frequencies of occurrence greater than 75%. They are, among 
others, Ephemeroptera (Ephemerellidae, Beatidae, Ephemeridae), Plecoptera (Per-
lidae and Perlodidae), Trchoptera (Hydropsychydae, Phylopothamidae, poly-
centropodiidae, and Brachyentridae), Coleoptera (Gyrinidae, Hydrobiidae and 
Chrysomelidae), Hemiptera (Pleidae and Naucoridae), Diptera (Chironomidae), 
Odonata (Platycnemididae, Calopterygidae and Coenagrionidae), Crustacea (Aty-
idae and Potamonidae), Eulamellibrancha (Sphaeridae) and Gasteropoda (Planor-
bidae). The other families with a frequency of less than 50% can be considered as 
pollution-resistant and could be of interest for the bioindication of these hydro-
systems. 

5. Conclusion 

The benthic communities of macroinvertebrates in the four watercourses se-
lected for this study remain largely dominated by insects with 71.044% of all the 
organisms sampled. These insects are very diversified with 7 orders, Ephemer-
optera being the most diversified. Quantitative observation of the orders indi-
cates a predominance of Decapoda (21.75%), Ephemeroptera (16.67%), Hemip-
tera (14.92%), Trichoptera (13.47%), Coleoptera (11.13%), Odonata (10.32%) 
and Plecoptera (4.6%). On a family basis, Atyidae are highly represented with a 
relative abundance of 18.2%. The high presence of EPT and the low abundance 
of Diptera reflects the low anthropic-nature of the different catchment areas and 
the good quality of their waters. The analysis of the frequencies of occurrence of 
families in different watercourses has made it possible to highlight macroinver-
tebrate taxa that could be potential bioindicators of these forest hydro systems. 
These bioindicators will undoubtedly constitute a solid base on which future in-
vestigations will be based and will allow the development of biological indices 
well adapted to the Cameroonian environment.  

Acknowledgements 

The authors thank the authorities of the Research Centre for Water and Climate 

https://doi.org/10.4236/oje.2024.144023


E. B. Biram à Ngon et al. 
 

 

DOI: 10.4236/oje.2024.144023 393 Open Journal of Ecology 
 

Change of Institute of Geological and Mining Research and those of the Labora-
tory of Hydrobiology and Environment (LHE) of the Faculty of Sciences of the 
University of YaoundéI for the material made available to us as well as all the 
students who assisted us during the sampling campaigns 

Conflicts of Interest 

The authors declare that there is no conflict of interest about the publication of 
this document. 

References 
[1] Moisan, J. and Pelletier, L. (2008) Guide de surveillance biologique basée sur les 

macroinvertébrés benthiques d’eau douce du Québec, Cours d’eau peu profonds à 
substrat grossier. Direction du suivi de l’état de l’environnement, Ministère du 
Développement Durable, de l’Environnement et des Parcs, Victoriaville, 86 p. 

[2] Kengne Fotsing, J., Foto Menbohan, S., Meyer, A., Leprêtre, A. and Usseglio-Polatera, 
P. (2022) Relationships between Physico-Chemical Parameters and Taxonomic 
Structure of Benthic Macroinvertebrate Assemblages in Streams of West Cameroon. 
Water, 14, Article No. 1490. https://doi.org/10.3390/w14091490 

[3] Leigh, C., Burford, M.A., Roberts, D.T. and Udy, J.W. (2010) Predicting the Vul-
nerability of Reservoirs to Poor Water Quality and Cyanobacterial Blooms. Water 
Research, 44, 4487-4496. https://doi.org/10.1016/j.watres.2010.06.016 

[4] Sanogo, S., Kabre, T.J.A. and Cecchi, P. (2014) Inventaire et distribution spa-
tio-temporelle des macroinvertébrés bioindicateurs de trois plans d’eau du bassin de 
la Volta au Burkina Faso. International Journal of Biological and Chemical Sciences, 
8, 1005-1029. https://doi.org/10.4314/ijbcs.v8i3.16 

[5] Biram à Ngon, E.B., Foto Menbohan, S., Ndjama, J., Mbohou Njoya, Z., Mboye, 
B.R., Dzavi, J., Oumar Mahamat, O., Tarkang, C., Nyame Mbia, D., Mbondo Bi-
yong, S. and Ngalamou, C. (2020) Water Quality Assessment in a Less Anthropo-
genic Forest Stream in the Centre Region of Cameroon. Haya: The Saudi Journal of 
Life Science, 5, 1-8. https://doi.org/10.36348/sjls.2020.v05i01.001 

[6] Suchel, J.B. (1972) Le climat du Cameroun. Thèse de Doctorat 3ème cycle, Univer-
sité de Bordeaux III, Bordeaux, 186 p. 

[7] Stark, J.D., Boothroyd, K.G., Harding, J.S., Maxted, J.R. and Scarsbrook, M.R. 
(2001) Protocols for Sampling Macroinvertebrates in Wadeable Streams. New Zea-
land Macroinvertebrates Working Group, Report No. 1, Ministry for the Environ-
ment and Sustainable Management, Fund Project No. 5103, 57 p. 

[8] Durand, J.R. and Levêque, C. (1981) Flore et Faune Aquatiques de l’Afrique 
Sahélo-Soudanienne, Tome 1 et Tome II. ORSTOM, Paris, 873 p. 

[9] Merritt, R.W., Cummins, K.W. and Berg, M.B. (2008) An Introduction to the 
Aquatic Insects of North America. 4th Edition, Kendall Hunt Publishing, Dubuque, 
1159 p. 

[10] Kabré, T.A., Illé, A. and Guenda, W. (2000) Inventaire et étude de la densité de dis-
tribution des insectes du benthos des deux lacs de barrage de Bagré. Science et 
Technique, Série Sciences Naturelles et Agronomie, 24, 121-132. 

[11] Hammer, Ø., Harper, D.A.T. and Ryan, P.D. (2001) PAST: Paleontological Statistics 
Software Package for Education and Data Analysis. Palaeontologia Electronica, 4, 
9-18. 

https://doi.org/10.4236/oje.2024.144023
https://doi.org/10.3390/w14091490
https://doi.org/10.1016/j.watres.2010.06.016
https://doi.org/10.4314/ijbcs.v8i3.16
https://doi.org/10.36348/sjls.2020.v05i01.001


E. B. Biram à Ngon et al. 
 

 

DOI: 10.4236/oje.2024.144023 394 Open Journal of Ecology 
 

[12] Dajoz, R. (2000) Précis d’Ecologie. Dunod, Paris, 615 p. 

[13] Shannon, C.E. and Weaver, V. (1949) The Mathematical Theory of Communica-
tion. University of Illinois Press, Urbana, 117 p. 

[14] Pearson, T.H. and Rosenberg, R. (1978) Macrobenthic Succession in Relation to 
Organic Enrichment and Pollution of the Marine Environment. Oceanographic 
Marine Biology Annual Review, 16, 230-306. 

[15] Foto, M.S., Zebaze, T.S.H., Nyamsi, T.N. and Njiné, T. (2010) Macroinvertébrés 
Benthiques du cours d’eau Nga: Essai de Caractérisation d’un Référentiel par des 
Analyses Biologiques. European Journal of Scientific Research, 43, 96-106. 

[16] Resh, V.R., Norris, R.H. and Barbour, M.T. (1995) Design and Implementation of 
Rapid Assessment Approaches for Water Resource Monitoring Using Benthic Macro-
invertebrates. Australian Journal of Ecology, 20, 108-121.  
https://doi.org/10.1111/j.1442-9993.1995.tb00525.x 

[17] Moissan, J. (2010) Guide d’Identification des Principaux Macroinvertébrés Benthi-
ques d’Eau Douce du Québec, Surveillance Volontaire des Cours d’Eau Peu Pro-
fonds. Direction du Suivi de l’Etat de l’Environnement, Ministère du Développe-
ment Durable, de l’Environnement et des Parcs, Québec, 82 p. 

[18] Tachet, H., Richoux, P., Bournaud, M. and Usseglio-Polatera, P. (2006) Invertébrés 
d’eau douce. Systématique, Biologie, Ecologie. 2ème Editions, CNRS, Paris, 588 p. 

[19] Foto Menbohan, S., Nwaha, M., Biram à Ngon, E.B., Dzavi, J., Boudem, R.C., Sob 
Nangou, P.B. and Nyame Mbia, D.-L. (2021) Water Quality and Benthic Macroin-
vertebrates of Tropical Forest Stream in South-West Region, Cameroon. Interna-
tional Journal of Progressive Sciences and Technologies, 25, 183-192.  
https://doi.org/10.52155/ijpsat.v25.1.2668 

[20] Angelier, E. (2003) Ecology of Streams and Rivers. Science Publisher, Enfield, 
211-213. 

[21] Biram à Ngon, E.B. (2019). Étude bioécologique des Dictyoptères semi-aquatiques 
dans le bassin versant de la Mefou (Région du Centre, Cameroun). Thèse de Doc-
torat/PhD, Université de Yaoundé I, Yaoundé, 154 p. 

[22] AFNOR (2009) Qualité Ecologique des Milieux Aquatiques. Qualité de l’Eau. Pré-
lèvement des Macroinvertébrés Aquatiques en Rivières Peu Profondes. Association 
Française de Normalisation, Norme expérimentale T 90-333. 

[23] Gwos Nhiomock, S.R., Foto Menbohan, S., Nyame Mbia, D., Betsi, W.C., Biram à 
Ngon, E.B., Disso, E. and Mboyé, B.R. (2022) Characterization by Benthic Macro-
invertebrates and Some Environmental Factors of Streams in the East Cameroon 
Region. World Journal of Biology Pharmacy and Health Sciences, 11, 5-17.  
https://doi.org/10.30574/wjbphs.2022.11.1.0096 

 
 
 
 
 
 

https://doi.org/10.4236/oje.2024.144023
https://doi.org/10.1111/j.1442-9993.1995.tb00525.x
https://doi.org/10.52155/ijpsat.v25.1.2668
https://doi.org/10.30574/wjbphs.2022.11.1.0096

	Inventory and Distribution of Benthic Macroinvertebrates, Indicators of Water Quality in Four Forested Watercourses in Centre Region of Cameroon
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Site
	2.2. Sampling of Macroinvertebrates 
	2.3. Statistical Analyses 

	3. Results
	3.1. Aquatic Insects 
	3.1.1. Order Ephemeroptera
	3.1.2. Order Plecoptera
	3.1.3. Order Trichoptera
	3.1.4. Order Coleoptera
	3.1.5. Order Hemiptera
	3.1.6. Order Diptera
	3.1.7. Order Odonata

	3.2. Crustacea
	3.3. Lamellibranchia
	3.4. Gasteropoda
	3.5. Oligocheta
	3.6. Acheta
	3.7. Seasonal Variation of Macroinvertebrate Density 
	3.8. Assessment of Macroinvertebrate Diversity 
	3.8.1. Frequency of Occurrence (F) 
	3.8.2. Shannon and Weaver Diversity (H') and Piélou Equitability (J')

	3.9. Seasonal Variation of Macroinvertebrate Families 

	4. Discussion
	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

