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Abstract

The Seybouse is the second largest river basin in Algeria, hosting an important biodiversity and providing various
ecosystem services. This watershed is highly influenced by agricultural and industrial activities, which threaten
its biodiversity and ecosystem integrity. The use of benthic macroinvertebrates as biological indicators has a long
tradition in developed countries and integrated into all assessments of the ecological quality of river systems.
However, the macroinvertebrates of many North African regions are still not well studied, including those of the
Seybouse river. The aim of this study is to assess the inventory and ecological role of benthic macroinvertebrates
in inland waters of the Seybouse River and determine the impact of pollution on their spatial distributions.
We sampled the benthic macrofauna of Wadi Seybouse and its affluents using regular surveys in three sites, of
which one was in the upper Seybouse Bouhamdane in Medjez Amar and two in the middle Seybouse. Between
December 2019 and May 2020, 10 physico-chemical parameters (pH, EC, OD, water speed, NO3, Salinity, NO2,
MES, turbidity, depth) were measured in order to establish a health state diagnosis of these aquatic ecosystems.
The complementary biological approach by the analysis of populations of macroinvertebrates identified 7482
individuals and 40 taxa divided into five classes: Crustaceans which were the most dominant, insects with the
main orders (Ephemeroptera, Diptera, Trichoptera, Heteroptera and Odonata), Molluscs, Nematodes and Annelids.
The physico-chemical analyzes and the application of the organic pollution indices indicated a strong to excessive
pollution for all sites, especially in Seybouse upstream

Keywords: benthic macro-invertebrates, bio-indicators, pollution, quality, Seybouse.

Resumo

0 Seybouse é um rio no nordeste da Argélia, é o segundo maior rio, tem uma area de captacao de cerca de 6.500
km? que acolhe cerca de 1,5 milhdes de habitantes. Importantes atividades agricolas e industriais sdo desenvolvidas
nesta bacia hidrografica. O uso de macroinvertebrados bentdnicos como indicadores biolégicos tem uma longa
tradicdo em paises desenvolvidos e estd integrado em todas as avaliagdes da qualidade ecoldgica dos sistemas
fluviais. O objetivo deste estudo foi revisar o inventario e o papel ecol6gico dos macroinvertebrados bent6nicos nas
aguas interiores do rio Seybouse e determinar o impacto da polui¢do em suas distribuicdes. Resultados semelhantes
foram relatados para outros paises e rios argelinos. Este estudo enfoca a macrofauna bentdnica de Wadi Seybouse e
seus afluentes. Foram prospectados 03 locais, um no alto Seybousse Bouhamdane em Medjez Amar e dois no meio
Seybousse Salah Salah Salah e Oued Zimba. Entre dezembro de 2019 e maio de 2020, dez parametros fisico-quimicos
(pH, CE, DO, velocidade da agua, NO3, Salinidade, NO2, MES, turbidez, deth) foram medidos para estabelecer
um diagnéstico do estado de satde desses ecossistemas aquaticos. A abordagem biolégica complementar pela
andlise de popula¢des de macroinvertebrados identificou 7.482 individuos e 40 taxons divididos em cinco classes:
Crustaceos que sdo os mais dominantes, Insetos com as ordens principais (Ephemeroptera, Diptera, Trichoptera,
Heteroptera e Odonata), Moluscos, Nematdides e Anelideos. As andlises fisico-quimicas e a aplicagdo dos indices de
poluigdo organica, indicaram uma poluicdo forte a excessiva para todos os locais especialmente Salah Salah Salah.

Palavras-chave: macroinvertebrados bentdnicos, bioindicadores, poluicdo, qualidade, Seybouse.

1. Introduction

Among aquatic biological communities, benthic ~ 1986; Barbour et al., 1996). They are considerably diverse
macroinvertebrate communities are commonly used to  and easy to survey in the field. They include insects,
assess the overall health of aquatic ecosystems (Hellawell, = molluscs, crustaceans and worms and typically inhabit
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the bottoms of rivers and lakes (Barbour et al., 1999).
These organisms are sensitive to environmental conditions
and are generally used as indicators of environmental
disturbance (Warwick and Clarke, 1993). They are
recognized as a community of organisms with a specific
composition, diversity and natural functional organization
of a known region, and to be good indicators of the health
of aquatic ecosystems due to their sedentary lifestyle and
rapid response to environmental perturbations (Karr and
Dudley, 1981; Norris and Hawkins, 2000; Butcher et al.,
2003). They are abundant in most rivers, and hence their
sampling does not impact the population dynamics of
natural communities (Barbour et al., 1999).

Ecological research on running water in Algeria is
developing rapidly in this country by Ait Mouloud (1987);
Arab and Zebdi (1983); Djeridane and Salhi (1983);
Gagneur and Aliane (1991); Gagneur (1987); Lounaci (1987,
2005); Lounaci et al. (2000); Lounaci and Vingon (2005);
Moubayed-Breil et al. (2007). In eastern Algeria, industrial
activities are expanding and their waste is discharged
directly into natural rivers which has an influence on
aquatic fauna (Belhanachi, 2003). The anthropic influence
on one of the large wadis of eastern Algeria, the Seybouse
node is manifested by various activities linked to the
agglomerations installed all along this watercourse (three
wilayas Guelma, El-Tarf and Annaba), and to agricultural
activities which are practiced throughout the watershed
or directly in small plots at the edges of this ecosystem
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Figure 1. Map with sites included in the present study.
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(Djabri et al., 2012), Human influences on aquatic
biocenoses are very diverse. Habitat degradation and
fragmentation can cause serious problems for aquatic
populations (Sellam et al., 2017). In northeastern Algeria,
studies on macroinvertebrates have peaked over the past
decade (Zouggaghe, 2003; Zouggaghe and Moali, 2009;
Lounaci et al., 2000, Khelifa et al., 2016, Khelifa, 2019,
Sellam et al., 2017; Baaloudj et al., 2020, Meziane et al.,
2020, Zouggaghe, 2020), revealing significant biodiversity
and endemism and highlighting different anthropogenic
threats to the persistence of lotic fauna (Khelifa et al.,
2021 a,b).

The aim of the present study is to make an inventory
of macroinvertebrates in the Seybouse river region
and determine their spatial distribution across three
sites. We also do a study of associations between
invertebrate benthic communities and associations
with physicochemical parameters in the Seybouse
river. This study helps us to better understand the local
macroinvertebrate diversity as well as the structure of
the lotic communities.

2. Material and Methods

Study area: Oued Seybouse is located in the northeastern
region of Algeria, is one of the largest hydrographic basins
in the country, covering a total area of approximately

Image: Sentine! 24 Level 1-C (December 2020)
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6,471 km2 (Figure 1). It is characterized by three parts:
the high plains (high Seybouse), the southern tell
(middle Seybouse) and the northern tell (low Seybouse)
(Reggam et al., 2015).

It is the second largest basin, after that of the Medjerda
in the eastern part of North Africa, and it is subdivided
into six main sub-basins (Blayac, 1912). It is strongly
anthropogenized, bordered by human population of one
million three hundred thousand (1,300,000) inhabitants,
divided into sixty-eight (68) municipalities and seven (07)
wilayas. Thirty (30) municipalities are fully included in
the basin and thirty eight (38) partially (Algeria, 1999).
It crosses three wilayas (Guelma, El-Tarf and Annaba) and
continuously receives discharges and wastewater from
these municipalities and agglomerations. The basin’s
hydrographic network has a pluvial-type hydrological
regime, strongly dominated by rainfall throughout the year
(Reggam et al., 2015). Guelma and El-Tarf are two wilayas
with an agricultural vocation with a weak industrialization
(flour mills industrial production of milk and canning of
tomato concentrates) and Annaba, capital of the steel,
which represents industrial pole of the Algerian East: Mittal
- Steel specializing in the steel industry, Fertial: chemical
industry specializing in the production of insecticides and
phytosanitary products (Djabri et al., 2012).

Seybouse is a river in northeastern Algeria which begins
near the town of Guelma by two tributaries, Cheref and
Zenati Rivers. It is bordered in north by the Mediterranean
near Annaba (Figure 1). The basin of Seybouse covers a
total surface of approximately 6471 km2 and it consists
42 rivers including Zenati, Bou Hamdane and Cherif rivers
(Baaloud;j et al., 2020). The two last rivers’ confluence at
Medjaz Amar form the Seybouse Rriver which reaches
the sea of Annaba (Algeria, 1999). The study was carried
out at three sites that were chosen according to their
location and therefore their degree of pollution (Table 1).
The vegetation mainly includes Juncus sp, Typha sp,
Phragmites australis, Tamarix sp, Nerium oleander, and
Lemna minor (Baaloudj et al., 2020)

Sampling: On each site, the physicochemical parameters:
(water speed, conductivity, O,, pH, salinity) were measured
in situ between 8 and 12 a.m. using a multi-parameter
(Multi 197i WTW), before sampling the macroinvertebrates
to avoid any disturbance of the environment that could
bias the results. The depth was measured at the center of
the bed at the sampling location with a grid stick. And the
chemical parameters (NO,, Salinity, NO,, MES, turbidity)
were carried out in the ADE laboratory of H Debagh

From upstream to downstream, three sites were
chosen for the study, depending on the permanence
of water, accessibility in all seasons during 2018-
2019. We sampled every month in triplicate. We have

Benthic invertebrates in Seybouse River.

standardized the sampling effort by limiting the time
spent (3h00) in each site and the number of water
sweeps. The macroinvertebrates were collected from the
schools using 100 pm mesh diving nets by performing
ten scans according to the protocol of the IBGN standard
(Archaimbault and Dumont, 2010). The same method was
repeated at each site. The collected sample was poured
onto a 500 um mesh sieve for pre-sorting by separating
various materials and collecting the samples using an
entomological forceps (AFNOR, 2010). The collected
organisms were fixed in formaldehyde (10%) in labeled
jars (by date and site name), and were transported to the
laboratory for final analyzes. In the laboratory, samples
stored in jars labeled by site were rinsed thoroughly
on a series of sieves of decreasing size (5 to 0.2 pm) in
order to remove as much as possible, the remaining fine
substrate and coarse elements. The contents of the sieve
were then poured onto a tray for the grouping of taxa
carried out using an entomological forceps. Observation
and identification were carried out using a binocular
magnifying microscope using different identification keys
(Leraut 2007; Tachet et al., 2010).

Data analysis: As a first step, a species presence/absence
matrix was constructed, with the species in rows and
the pools in columns. From this matrix we calculated a
Checkerboard score (“C-score”), which is a quantitative
index of occurrence that measures the extent to which
species co-occur less frequently than expected by chance
(Gotelli, 2000). A community is structured by competition
when the C-score is significantly larger than expected by
chance (Gotelli, 2000; Tondoh, 2006; Tiho and Josens,
2007). Lastly, we compared the co-occurrence patterns with
null expectations via simulation. Gotelli and Ellison (2013)
suggest using the statistical null model Fixed-Fixed, as in
this model, when the row and column sums of the matrix
are preserved. Thus, each random community contains the
same number of species as the original community (fixed
column), and each species occurs with the same frequency
as in the original community (fixed row). The null model
analyses were likewise performed using the R software (R
Development Core Team, 2009) and the EcosimR package
(Gotelli and Ellison, 2013; Carvajal-Quintero et al., 2015).

As a third step, a redundancy analysis was applied to
the study variables - conductivity, total dissolved solids,
chlorophyll concentration, water temperature, and species
abundance of zooplankton - in order to determine the
importance of these variables for classifying the study
pools. This analysis was performed using the R software
(R Development Core Team, 2009). A matrix correlation
analysis was carried out to determine the associations
between the study variables, using parametric Pearson
correlation coefficient, after verification of normality and

Table 1. Geographical location, latitude and classification of sampling sites on the Seybousse river.

Name Site Latitude (S) / Longitude (W) Altitude (m a.s.l)
Medjez Amar Site 2 36°26 592 N, 007° 18 635 E. 2819
Salh Salh Salh Site 1 36°27.687'N, E 007° 20.363’ E 248,77
Oued Zimba Site 3 36°26 020 N, 007° 28 471 E 310.5
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homoscedasticity conditions. The software packages used
were Hmisc R (Harrell, 2016), and Vegan (Oksanen et al.,
2019).

The community parameters were determined from the
density analysis corresponding to the abundance of each
species per sampling site, using the Shannon diversity
index. Finally, the Shannon diversity indices for each site
were compared based on the descriptions of Zar (1999).

3. Results

The abiotic parameters revealed the relative low
conductivity, salinity and oxygen concentration for
all studied sites, and moderate nitrate and nitrite
concentrations (Table 2). The results of Shannon index
for each site revealed that the low value was observed
for S2 February, whereas the high value was reported
for site S1- May (Table 3). The results of Shannon index
comparison revealed similarities between S1-Dec with
S1-Jan, S1-Jan with S3-Jan, S1-Feb with S3-Jan; S2-Dec
with S3-Mar; S2-Dec with S3-Feb; S2-Dec with S2-Feb;
S2-Dec with S2-Mar; S2-Dec with S2-Apr, S2-Jan with
S2-Apr; S2-May with S3-Dec; S3-Dec with S3-Feb and
S3-Mar with S3-May (Table 4).

The results of null model analysis revealed that species
associations are random for each site and for each month,
this mean that species associations are not structured
(Table 5). The RDA results revealed that environmental
variables, the most important contributor for axis 1 was
salinity, whereas MES and nitrite were the most important
contributors for axis 2. For biotic parameters, Gammaridae

and nematodes were the most important contributors for
axis 1, and for Chironomidae were the most important
contributor variable for axis 2 (Table 6).

The RDA finally revealed that sites S5, has high
conductivity, Nitrate and pH values and high Gammaridae
values, and sites S4 and S6 with moderate values of
this last parameters, the S14 and S15 has high values of
oxygen and conductivity, sites S2 and S3 has high values
of velocity and depth, and the remaining sites have high
depth, Nitrite and MES values (Figure 2). In this scenario,
the site S4, S5 and S6 would have high contamination
and with species representatives (Gammaridae) of low
oxygen concentration and high nutrients concentration,
whereas sites S14 and S15 would have moderate oxygen
concentrations, and nutrients concentration, and finally the
sites S2 and S3, would have high water quality expressed
in high oxygen concentration (Figure 2). The results RDA
revealed in general no differences in benthic communities
in studied sites (Figure 2).

4. Discussion

The exposed study about benthic fauna in the studied
river, would have similarities with Mediterranean rivers
such as rivers in Spain, Pacific coast of United States of
America and central Chile (Figueroa et al., 2013). Although
the present study did not include species determination
until genus and/or species level, the existence between
groups reported and its associations with environmental
parameters are supported, and would be similar with results
obtained by Rios-Escalante et al. (2020) and Solis-Lufi et al.
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Figure 2. Results of RDA analysis for abiotic and biotic parameters for studied sites in the present study.
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Table 5. Results of null model analysis for studied sites.

Site Mean index Observed index Standeslirieffect Variance P
Site 1 0.652 0.634 -0.717 <0.001 0.727
Site 2 1167 1.150 -0.486 0.001 0.700
Site 3 1184 1.150 -0.801 0.001 0.829

Month period Mean index Observed index Stand:ir:eeffect Variance P
December 0.692 0.679 -0.732 <0.001 0.999
January 0.611 0.595 -0.977 <0.001 0.999
February 0.625 0.595 -0.923 0.001 0.999
March 0.353 0.374 1.419 <0.002 0.303

April 0.178 0.199 1.674 <0.001 0.195
May 0.453 0.438 -1.001 <0.001 0.858

(2021), who found associations between groups reported
and environmental parameters for Chilean North Patagonian
rivers. In this scenario, the macroinvertebrate assemblage
fauna in the studied river is similar to observations for
central and southern Chilean rivers (35-40¢°S; Fierro et al.,
2015; Figueroa et al., 2003, 2007, 2013; Vega et al., 2020;
Barile et al., 2021), where it was found marked differences
in community structure in function to river zone, where
itis possible found that in high zones there are shredders
(Ephemeroptera, Plecoptera) that requires water quality
with high oxygen content and low dissolved organic
matter contents and nutrient concentration (Moya et al.,
2009; Oyanedel et al., 2008; Miserendino et al., 2018;
De los Rios-Escalante et al., 2020; Solis-Lufi et al., 2021).
A different situation occurs in medium and low zones of
the river where shredders decreased in abundances being
replaced by mainly filterers due increase in nutrients and
dissolved organic matter concentrations (Figueroa et al.,
2003,2007; Allan and Castillo, 2007; Hauer and Lamberti,
2007; Huttunen et al., 2017; Marcarelli et al., 2020; Figueroa
and Rios-Escalante, 2021).

The observed results are similar with other similar
descriptions for Algerian rivers, where was found
important differences in environmental parameters and
community parameters in function of human intervention
of surrounding basins (Reggam et al., 2015; Sellam et al.,
2017,2019; Baaloudj et al., 2020). Nevertheless, the results
obtained in the present study that revealed the marked
importance of amphipods would agree with results of
Rouibi et al. (2021) who described the marked abundance
of crustaceans in Bouhamdane river in Algeria. It is a similar
situation in comparison to Algerian rivers in Boumerzoug
(East of Algeria) where it was found marked absence of
Plecoptera in spite of high-water quality (Bekhouche et al.,
2017). In spite of these rivers are located in Mediterranean
basin, the observed results are markedly opposite to results
observed for Spain and other sites of Mediterranean
climate such as California and central Chile (Figueroa et al.,
2013), this gradient of benthic insects’ community along
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Chilean rivers (Figueroa et al., 2007; Figueroa and Rios-
Escalante, 2021).

These results revealed the existence of high conductivity
level for sites 2 and 3 in comparison to site 1, in spite of
relatively similar level of salinity, nitrite and nitrate levels,
probably would indicate the presence of other anions and
cations that were not included in the present study what
would explain the high conductivity level of sites 2 and 3.
On this basis, the role of chemical parameters specifically
conductivity as regulator of community structure has been
reported for Chilean Mediterranean rivers (Figueroa et al.,
2007, 2013), that would be similar with other results for
Algerian rivers (Bekhouche et al., 2017), these antecedents
would be similar to the results of the present study.

In this context, the variation of macroinvertebrate
communities along the course of the studied river would
agree with classic concepts of river continuum (Allan and
Castillo, 2007), that described the gradual replacement of
fauna in function of water quality due human alteration,
that was similar to descriptions for Cautin river in
northern Chilean Patagonia (38° S, Figueroa and Rios-
Escalante, 2021). Also, on the view point of differences in
community structures in the course of river regulated by
water quality, it involves also, the trophic relations, and
in according to these relations the concept of functional
groups is relevant, because the trophic resources vary along
river course under natural conditions, that can enhance
due human alterations, that in consequence affects the
grazer or predator macroinvertebrate composition (Allan
& Castillo, 2007; Miserendino et al., 2018).

Other important topic, benthic taxonomic identification
is very important for do a more robust and sensitive
comparison between other similar fluvial ecosystems
(Hauer and Lamberti, 2007; Moison et al., 2010), it is very
important topic because the environmental sensitivity is
variable for each species, that would generate differences
in tolerance if we compared ecosystems of different
hemispheres, because many benthic macroinvertebrate
water quality index are standardized for determined
regions, and perhaps can be marked differences if these
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Table 6. Results of RDA for abiotic and biotic parameters for studied sites.

Axis 1 Axis 2 Axis 1 Axis 2

Conductivity PC1 PC2 Plecoptera -84,60 12,41

Salinity -5143,48 -796,38 Hydropsychidae -80,96 12,36

Oxygen 891,21 -452,92 Nymphe -83,72 12,44

Velocity 892,54 -452,37 Ephemeridae -84,13 12,43

pH 668,64 -367,53 Ephemerellidae -84,60 12,29

Depth 862,35 -446,37 Baetidae 52,08 9,70

NTU 698,32 -395,39 Caenidae -37,97 9,72

MES 27,84 1355,01 Heptagenidae -80,65 12,35

Nitrite -664,69 2450,72 Leptophlebiidae -84,60 11,98
Nitrate 892,87 -452,05 Chironomidae -80,30 -403,84

874,40 -442,72 Tipulidae -82,42 11,93

Athericidae -84,60 12,44

Ceratopogonidae -84,63 6,84

Tabanidae -84,45 12,44

Simuliidae -48,32 4,89

larve 45,97 12,16

Nymphe -83,14 12,41

Dixidae -83,47 12,42

Psychodidae -83,40 12,43

Limoniidae -84,60 12,42

Gerridae -82,87 12,38

Hydrophilidae -84,61 11,56

Non identified -83,63 10,90

Zygoptére -81,53 11,98

Anisoptére -84,60 11,71

Nepidae -81,08 12,42

notonectidae -74,03 12,32

Geridae -84,60 12,44

corixidae -81,66 12,36

Gammaridae 2380,40 -0,42

Ostracode -84,28 12,43

crevette d’eau douce -79,77 12,42

Physidae -84,49 10,61

Planorbidae -84,23 12,16

Limnaedae -84,51 12,06

Bivalves -75,29 12,16

Nématodes 215,26 -9,13

Hirudinae(Sangsue) 34,54 10,71

(Lombricidae) -76,51 6,73

are applied in other regions (Figueroa et al., 2003; 2007).  proposed only the species that can be found in the river
Perhaps, an example can be the situation of Cautin river ~ based in descriptions in one or two sites in the medium
in northern Chilean Patagonia where the first studies ~ course in 1980 decades (Vega et al., 2020), whereas in
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studies done between 1999-2001, that involved fauna along
the course found marked differences along benthic fauna,
but it was not applied benthic macroinvertebrate water
quality (Figueroa and Rios-Escalante, 2021), due probably
the absence of environmental tolerance of native species.
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