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abstract. Freshwaters are among the most threatened ecosystems, particularly in North Africa 
where urbanization and climate change are exerting an important pressure on aquatic fauna. Long-
term investigation of macroinvertebrates is one of the best ways of tracking and understanding the 
influence of environmental and anthropogenic pressures on community dynamics. In this study, we 
focus on determining the community structure and diversity of benthic macroinvertebrates as well 
as the state of aquatic physicochemical parameters in the Bouhamdane Stream, near the outlet of 
Bouhamdane dam, Seybouse watershed, north-eastern Algeria. We carried out a bi-monthly sampling 
of macroinvertebrates and nine water physicochemical parameters from September 2017 to July 
2018 at three sites. Results show that the collected macroinvertebrates (6756 individuals) belong 
to 15 families and 12 orders. The abundance of the macrofauna consisted of 88.19% crustaceans, 
7.74% insects, 3.7% molluscs and 0.16% annelids. Physicochemical analyzes (depth, turbidity, pH, 
dissolved O2, temperature, salinity, and conductivity) showed variability among sites. The families 
of Gammaridae and Baetidae were the most frequent and the most abundant on all the stations. The 
results indicate that aquatic macroinvertebrates constitute good indicators of the biological qual-
ity of water. This study shows that even with the occurrence of regular dam water discharge, the 
macroinvertebrate community is still able to persist either through adaptation to high water velocity 
or high colonization rate.
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introduCtion

Since the 19th century, watercourses, particularly in 
industrialized countries, have been seriously affected 
by different types of pollution (industrial, urban and 
agricultural). In several countries, programmes for 
monitoring the biological integrity of watercourses have 
been used to assess the quality of surface water and the 
health condition of aquatic ecosystems (Giudicelli et al. 
1985; Dajoz 2006). These programmes primarily use 
benthic macroinvertebrate communities as biological 
indicators. Besides pollution, climate change has af-
fected aquatic communities globally, particularly in hot 
and dry environments (Dudgeon et al. 2006; Boix et al. 
2010; García et al. 2010).

Mediterranean rivers are characterized by irregular 
hydrological flows and sudden fluctuations (Engelhardt 
1998; Fustec and Lefeuvre 2000). In North Africa, fresh-
water is relatively scarce and most rivers are restricted 
to the littoral region (Fleurant 2016). As a result, the 
majority of human population lives in this area, which 
increases the anthropogenic pollution (e.g. agriculture, 

industry, sewage). This pollution affects various abiotic 
and biotic factors of the aquatic habitat and ultimately 
changes the population dynamics and community struc-
ture of fauna and flora (Ramade et al. 1994; Ferguani 
and Arab 2013; Alhou et al. 2014). Invertebrates are 
the dominant organisms in aquatic ecosystems in terms 
of biomass, playing a crucial role of predator and prey 
in the foodweb (Véronique 2014). They are excellent 
bioindicators of the ecological integrity of natural 
habitats due to their great diversity and sensitivity 
to pollution and habitat degradation (Bournaud et al. 
1980; Chessman 1995; Barbour et al. 1999; Sanogo 
et al. 2014). Consequently, anthropogenic activities, 
including laundry, dishes, agriculture and deforesta-
tion observed in the sampling sites make it possible 
to differentiate the richness and abundance of aquatic 
macroinvertebrates depending on the site (Chessman 
1995; Camargo et al. 2004; Armellin 2010). Thus, their 
monitoring is essential to understand the ecological state 
of the freshwater ecosystem and manage biodiversity 
(Dudgeon et al. 2006).
The study of the macrobenthic fauna of rivers in Algeria 
has been undertaken in recent decades in order to draw 
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up an inventory as exhaustive as possible and to have 
knowledge of their systematics, ecology, and biogeogra-
phy (Haouchine 2011). In northeast Algeria, studies on 
macroinvertebrates peaked in the last decade (Zerguine 
and Rossaro 2010; Zebsa et al. 2014 a, b; Khelifa et al. 
2016; Khelifa 2019; Baaloudj et al. 2020), revealing an 
important biodiversity and endemism. The objective of 
this study is to characterize the structure and diversity 
of benthic macroinvertebrates of an understudied water-
course, Bouhamdane Stream in northeast Algeria. We 
specifically studied their distribution, abundance and 
diversity using field monitoring in three sites between 
September 2017 and July 2018.

materials and methods

Description of the study site
The Bouhamdane Stream is one of the two most im-
portant tributaries of the Seybouse River located in the 
northeast Algeria (36° 27’46 “N, 7 ° 6’40” E) (Figure 1). 
The length of the river is 37.5 km and the elevation 
varies from ~250 to 550 m. This stream emerges from 
the confluence of Sabath and Zenati streams (Table 1). 
Vegetation mainly includes: Juncus sp., Typha sp., 
Phragmites australis, Tamarix sp., Nerium oleander, 
and Lemna minor. The regional climate is typically 

Mediterranean with a long hot and dry season (8 months) 
and a short wet season (4 months).

Measurements and sampling
Samples were taken at each site twice per month from 
September 2017 to July 2018, resulting in a total of 
22 samples per site (from 2 September 2017 until 18 
July 2018). The physicochemical parameters such as 
temperature, conductivity, O2, pH, salinity were meas-
ured in situ between 8 and 12 in the morning using a 
multi-parameter (Multi 197i WTW) and a depth gauge 
prior to the macroinvertebrate sampling to avoid any 
disturbance of the environment that could bias the re-
sults. Depth was measured at the centre of the bed at the 
sampling location with a gridded stick. From upstream 
to downstream, three sites were chosen for the study, 
depending on the permanence of water and accessibil-
ity in all seasons (Table 1). The sites were adjacent and 
the distance between one site and another was 500 m. 
We standardized the effort of sampling by limiting the 
time spent (3 h) in each site and the number of water 
sweeps. Macroinvertebrates were sampled in the banks 
using 100 μm mesh dip nets by carrying out ten sweeps 
following the protocol of the IBGN standard (Archaim-
bault and Dumont 2010). The collected samples were 
poured onto a 500 μm sieve of mesh for pre-sorting by 
separating various materials and collecting the speci-
mens using an entomological forceps (Afnor 2010). The 
collected organisms were fixed in formaldehyde (10%) 
in labelled jars (by date and site name) and transported 
to the laboratory for final analyses. In the laboratory, 
samples were rinsed thoroughly on a series of sieves 
of decreasing size (5 to 0.2 µm) in order to eliminate 
as much as possible the remaining fine substrate and 

Figure 1. Study area.

Table 1. Geographical coordinates of sites and sampling 
dates.

Sites Geographical coordinates
1 36°27.032' N, 7°6.084' E
2 36°27.318' N, 7°6.334' E
3 36°28.148' N, 7°7.225' E
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coarse elements (MDDP 2008). Sample identification 
was carried out using a binocular microscope (Leica 
DM2500) and various identification keys (Leraut 2007; 
Tachet 2010, 2013; Moisan 2010).

Data analysis
All statistical analyzes and the Shannon diversity and 
equity indices were performed with R 3.5.2 (R Develop-
ment Core Team 2019) provided with the FactoMineR 
package. Data were expressed as mean ± SD. A prob-
ability level <0.05 was considered significant. The dif-
ference across sites of taxonomic richness, abundance, 
diversity indices and physicochemical parameters was 
assessed with the Kruskal-Wallis test at a 5% thresh-
old.
The Canonical Correspondence Analysis (CCA) was 
performed using Past software version 3 (Hammer et al. 
2001) to explore the relationships that may exist between 
biotic data and abiotic data obtained during sampling.

results and disCussion

Physicochemical quality of water
Table 2 shows the average values   of six physicochemical 
parameters of water quality in the study sites. In general, 
the parameter values were very similar among sites. The 
Kruskal-Wallis tests did not reveal any significant dif-
ference in the physicochemical characteristics between 
the three sites (p > 0.05).

Population and spatial structure of benthic macroin-
vertebrates
A total of 6756 specimens were collected during the 
study period. Our taxonomic analysis showed that the 
community encompassed three major phyla: Annelida, 
Arthropoda, and Mollusca. This aquatic fauna was 
dominated by crustaceans (88.19%) followed by insects 
(7.74%). The least prevalent taxa were annelids, mol-
luscs, and nematodes (Figure 2).
Insects were the most taxonomically diverse, compris-
ing seven orders and nine families. We found that most 
insect individuals sampled belonged to Ephemeroptera 
(88.66%). Diptera occupied the second place with 
6.43%, followed by Heteroptera (3.22%) and Odonata 

(0.95%). Trichoptera and Coleoptera were present at 
very low abundance (0.38%) (Figure 3).
Table 3 reveals that crustaceans had the highest abun-
dance among the collected macroinvertebrates with 
5958 individuals. Ephemeroptera was the most impor-
tant order in terms of insect abundance (399 individu-
als). Also, the families whose frequency of occurrence 
is equal to 100 are the most pollution tolerant, such as 
the Chironomidae.
The highest total abundance was recorded at site 2 (2502 
individuals) and lowest at site 3 (2039 individuals) (Fig-
ure 4). Site 1 recorded the highest taxonomic richness 
(11 families), while the lowest taxonomic richness was 
noted in site 3 (8 families).

Table 2. Physicochemical characteristics of water from the Bouhamdane Stream.

Parameters
Sites Depth (cm) pH T (C°) Conductivity (ɥs/cm) Salinity (g/l) O2 (mg/l)

Site 1 49.08 ± 8.60 8.28 ± 0.49 18.36 ± 3.54 1028.66 ± 279.28 0.28 ± 0.16 6.25 ± 2.18
Site 2 31.1 ± 15.41 8.50 ± 0.43 19.12 ± 3.20 824.4 ± 69.05 0.15 ± 0.13 6.88 ± 1.91
Site 3 38 ± 20.64 8.44 ± 0.48 19.44 ± 2.81 819.22 ± 92.56 0.22 ± 0.08 7.18 ± 1.49

Figure 2. Community composition of sampled macroinver-
tebrates.

Figure 3. Community composition of the sampled insects 
based on taxonomic order.
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Table 3. Taxonomic richness, abundance and frequency of occurrence of different collected macroinvertebrate taxa from the 
Bouhamdane River.

Phylum Class Order Family Abundance Frequency of occurrence (%)
Arthropods Crustacea Amphipoda Gammaridae 5880 75

Decapoda Atyidae 78 50
Insecta Coleoptera Gyrinidae 2 25

Diptera Chironomidae 32 100
Ceratopogonidae 2 25

Odonata Libellulidae 5 50
Trichoptera Hydropsychidae 2 25
Ephemeroptera Baetidae 399 75

Caenidae 70 75
Heteroptera Notonectidae 5 50

Gerridae 6 25
Annelida Clitellata Arhynchobdellida Hirudinea 11 25

Mollusca
Gastropoda Hygrophila Lymnaeidae 216 75
Bivalvia Sphaeriida Sphaeriidae 34 25

Nematoda Enoplea Mermithida Mermithidae 14 25

Amphipoda were the most abundant in all study sites 
(Figure 5). Ephemeroptera was also numerous, followed 
by Gastropoda. The least abundant were Coleoptera and 
Trichoptera.
Figure 6 shows the spatial variation of Shannon diversity 
and equity indices. It indicates that Shannon diversity 
index decreases overall from upstream to downstream 
sites. Indeed, the maximum value of the Shannon index 
is observed at site 1 (1.02), while the minimum value 
is observed at site 3 (0.64). Likewise, the equity index 
describes an evolution similar to the Shannon index. 
Analysis of indices subjected to the Kruskal-Wallis 
test does not reveal any significant difference between 
sites (p > 0.05).

Relations between macroinvertebrates and the envi-
ronment
The Canonical Correspondence Analysis (CCA) has 
shown that environmental variables had some influence 
on the distribution of macroinvertebrates (Figure 7). 
Axes 1 and 2 explained 78.45% and 21.55% of the total Figure 5. Abundance of macroinvertebrates at the three 

sites.

Figure 6. Spatial variation of the diversity and equitability in-
dices of macroinvertebrates from the Bouhamdane Stream.

Figure 4. Spatial variation of total abundance and number of 
orders of macroinvertebrates from the Bouhamdane Stream.

variability, respectively. The first axis is positively and 
strongly correlated with dissolved oxygen, while the 
second axis is positively correlated with depth. Thus, 
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O2 and depth are the factors that most influence mac-
roinvertebrate variation. Bivalvia, Ephemeroptera, and 
Heteroptera are correlated with high levels of dissolved 
oxygen, temperature and pH. Amphipoda and Mollusca 
(Gastropoda) are positively and strongly correlated with 
water depth, low salinity and conductivity.
The study of macroinvertebrates from the Bouhamdane 
Stream (northeast of Algeria) made it possible to col-
lect 6756 individuals belonging to 15 families and 12 
orders. This richness decreases overall from upstream 
to downstream. Spatial (inter-site) variability in the 
richness of taxonomic orders was detected. It was 11 at 
site 1, while 9 and 8 for sites 2 and 3, respectively. Our 
results reveal that the majority of macroinvertebrates in 
the studied environments are similar to those reported in 
Morocco (Giudicelli and Thiéry 1998), Italy (Bazzanti 
et al. 1996, 2009; Bagella et al. 2010a), Spain (Boix et 
al. 2004, 2008, 2009; Gascón et al. 2008,), and Algeria 
(Lounaci et al. 2000; Khelifa et al. 2016; Khelifa 2019; 
Baaloudj et al. 2020; Zouggaghe 2020).
Among the 12 orders of identified macroinvertebrates, 
seven were common in 3 sites, namely Amphipoda, 
Sphaeriida, Decapoda, Heteroptera, Ephemeroptera, 
Arhynchobdellida, and Hygrophila. We also noticed 
that crustaceans were the most represented group at all 
the sites (the most abundant and the most prevalent). 
They were followed by insects. Annelids were clearly 
the least observed.
The macroinvertebrate communities of the Bouhamdane 
Stream seem to be less diverse in comparison to other 
rivers, in particular those of the Kabylie Djurdjura 

(Lounaci et al. 2000), Djedir and M’zistreams (Sellam 
et al. 2017), Boumerzoug Stream (Bekhouche et al. 
2017), and Soummam Stream (Zouggaghe 2020). This 
could be linked to natural and/or anthropogenic factors 
influencing this watercourse. Indeed, the discharge of 
thermal waters from the Hammam Debagh spring which 
is not far from the study area (27 km) as well as domestic 
discharges could, without doubt, contribute considerably 
to the installation of adverse conditions.
Despite a high taxonomic richness of insects, the 
pollution-sensitive orders, Trichoptera and Coleoptera, 
had a low abundance. This probably reflects degrada-
tion of water quality in the study area. This same result 
was obtained in other studies (Zouggaghe 2003; Zoug-
gaghe and Moali, 2009; Sellam et al. 2017). As already 
noted by Tachet et al. (2010), the phenomenon of the 
anthropization of the stream could be at the origin 
of the disappearance of pollution-sensitive taxa. The 
ephemeropteran families collected in our study are the 
same as the ones observed by Haouchine (2011) in the 
rivers of Kabylia region. This order of insects had been 
classified by Moisan and Pelletier (2008) as a sensi-
tive taxon in aquatic habitats. Our study showed that 
crustaceans (Amphipoda) constitute the most abundant 
faunistic group of the fauna collected. This inequality of 
abundance and variable richness diversity might reflect 
the conditions to which the environment is subjected. 
Similar results were obtained in previous works (Zoug-
gaghe and Moali 2009; Zouggaghe 2003).
For this preliminary inventory of macroinvertebrates, 
the observations of the groups present in the samples 

Figure 7. Canonical Correspondence Analysis (CCA) of taxa of benthic macro-invertebrates of the Bouhamdane Stream and 
environmental variables (Cond = conductivity, O2 = dissolved oxygen, T (C °) = temperature, Salinity = salinity, Dep_m = 
depth in the middle, Bank_dep = depth of bank). Acronyms of taxa: Amp = Amphipoda, Biv = Bivalvia, Dec = Decapoda, 
Col = Coleoptera, Dip = Diptera, Odo = Odonata, Tri = Trichoptera, Eph = Ephemeroptera, Nem = Nematoda, Het = Heter-
optera, Ann = Annelida, Gas = Gastropoda.
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coupled with their frequency of occurrence make it 
possible to identify taxa that can be qualified as pollu-
tion sensitive, such as Coleoptera and Trichoptera. Our 
results on some taxonomic groups were similar to those 
reported by Zerguine and Rossaro (2010), Zebsa et al. 
(2014a, b), Khelifa et al. (2016), Khelifa (2019), and 
Baaloudj et al. (2020). In general, the obtained faunal 
composition in the Bouhamdane River is similar to 
other Algerian rivers and lakes (Meziane et al. 2020; 
Hassani et al. 2020).

ConClusion

During the present study, 6756 individuals correspond-
ing to three faunal phyla (Arthropoda, Mollusca, An-
nelida) were collected. The Arthropoda phylum was 
the most representative in abundance and richness. 
Amphipod crustaceans were the dominant group (5880 
individuals), followed by insects (523 individuals). 
Analysis of the structure of the benthic fauna of different 
stations reveals a poorly diversified and largely unbal-
anced population. Physicochemical parameters such as 
oxygen and depth strongly influence the distribution of 
benthic macroinvertebrates. The information provided 
here contributes to the understanding of the structure 
and diversity of macroinvertebrates in the Bouhamdane 
Stream. More detailed ecological studies would be nec-
essary to better understand the structure and function 
of this ecosystem.
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