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PREFACE 
 

Ce congrès « Congrès International des Populations et des Communautés Animales 5 : CIPCA’5 » fait suite au « 1er 

Congrès International d’Ecologie des Populations et des Communautés Animales » qui s’est déroulé à Toulouse (France) 

au mois de juillet 2002, au « 2ème Congrès International d’Ecologie des Populations et des Communautés Animales de la 

Méditerranée Occidentale » qui s’est déroulé en Algérie à El-Goléa du 3 au 6 octobre 2004, au « 3ème  Congrès 

International  des Populations et des Communautés Aquatiques : Conservation et Gestion des Ressources 

Bioaquatiques » qui s’est déroulé à El-Goléa en 2009, au « 4ème  Congrès International  des Populations et des 

Communautés Aquatiques » qui s’est déroulé en Algérie, à Taghit, en l’an 2013 et aujourd’hui nous sommes au « 5ème  

Congrès International  des Populations et des Communautés Animales avec comme thème : Ecosystèmes, Biodiversité 

et Ecodéveloppement ». 

C’est un plaisir et un honneur pour nous d’accueillir dans cette charmante ville de Tamanrasset du grand sud algérien 

des conférenciers venus de 11 pays étrangers (Maroc, Tunisie, Libye, Syrie, Liban, Turquie, Iran Belgique, Italie, France 

et l’Espagne), des participants de plus 20 universités algériennes, Ecoles supérieures, Centres de recherches, avec 20 

conférences plénières, 31 communications orales et 68 communications affichées (posters). 

Nous remercions nos sponsors habituels (Sonatrach, Centre Universitaire de Tamanrasset, et évidemment l’USTHB, la 

FSB et le Laboratoire Dynamique et Biodiversité) qui malgré la crise économique ont bien voulu sponsoriser ce 5ème 

congrès international (ICAPC’5). Je remercie également mes collègues Messieurs HAMADI Kamel, CHAFAI Amine et 

BELAIFA Billel pour avoir finalisé ce travail pour ce Proceeding.  

 

This congress “International Congress of Animal Populations and Communities 5: ICAPC’5” follows the “1st 

International Congress of Ecology of Animal Populations and Communities” held in Toulouse (France) in July 2002, At 

the “2nd  International Congress on the Ecology of Populations and Animal Communities of the Western Mediterranean” 

held in Algeria at El-Goléa from 3 to 6 October 2004, at the “3rd International Congress of Aquatic Populations and 

Communities: Conservation and Management of Bioaquatic Resources” which took place in El-Goléa in 2009, at the “4th 

International Congress of Aquatic Populations and Communities” held in Taghit in 2013 and today we are at the “5th 

International Congress of Animal Populations and Communities” with the theme: “Ecosystems, Biodiversity and 

Ecodevelopment”. 

It is a pleasure and an honour for us to welcome in this charming city of Tamanrasset, in the great Algerian south, 

speakers from 11 foreign countries (Morocco, Tunisia, Libya, Syria, Lebanon, Turkey, Iran Belgium, Italy, France and 

Spain), participants from more than 20 Algerian universities, Graduate Schools, Research Centres, with 20 plenary lectures, 

31 oral papers and 68 poster papers (posters). 

We thank our usual sponsors (Sonatrach, Tamanrasset University Center and of course the USTHB, the FSB and the 

Dynamic and Biodiversity Laboratory) who despite the economic crisis have kindly sponsored this 5th International 

Congress (ICAPC’5). I also thank my colleagues Messrs HAMADI Kamel, CHAFAI Amine and BELAIFA Billel for 

finalizing this work for this proceeding. 

 

The President of the ICAPC’5 Congress 
Pr. ARAB Abdeslam 

 
  

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjJuc6x0bTtAhViXhUIHTKFDIwQFjAAegQIARAD&url=https%3A%2F%2Fsonatrach.com%2F&usg=AOvVaw0JcA9GWxr1uvOx8emi9COx
https://www.cu-tamanrasset.dz/en/
https://www.usthb.dz/fr
https://fbiol.usthb.dz/
https://www.ldb.usthb.dz/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjJuc6x0bTtAhViXhUIHTKFDIwQFjAAegQIARAD&url=https%3A%2F%2Fsonatrach.com%2F&usg=AOvVaw0JcA9GWxr1uvOx8emi9COx
https://www.cu-tamanrasset.dz/en/
https://www.usthb.dz/fr
https://fbiol.usthb.dz/
https://www.ldb.usthb.dz/
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1. Introduction 

 

The fish fauna in the Algerian freshwaters consists 

of 48 species belonging to 15 families. Twenty-one 

species are native (Kara, 2012) and at least 27 were 

introduced intentionally or unintentionally, the 

dominant species belong to the Cyprinidae family 

(33.3%) and the Cichlidae (16.6%). 

Being non-targeted by the national aquaculture 

development program, the roach Rutilus rutilus 

(Linnaeus 1758) is reported for the first time in Algeria 

in Kaddara’s dam by Attou and Arab (2013). Currently 

its presence has been confirmed in many lacs and dams 

(Sekkak, Guenitra, Koudiat Mdouer and Ghrib) where it 

forms significant populations which the frequency 

exceeds 75% of the fished species. Originating from 

Hungary, its introduction in Algeria is unintentional and 

is related to the program of capacity building for 

continental ecosystems fishing that started in 1985. 

R. rutilus is a cyprinid fish. Its range spreads across 

central Europe, from the Pyrenees to the Ural. And it’s 

absent from the Iberian Peninsula, the Mediterranean 

islands, the north coast of Scandinavia, Italy, Albania 

and Greece (Bruslé and Quignard, 2013). It has been 

introduced in Spain and became invasive in north-east 

of Italy, it’s a gregarious species, which in its native 

range feeds off insects, crustaceans, mollusks and 

plants. Its reproduction takes place in the spring and its 

sexual maturity is reached at 2-3 years for male and 3-4 

years for female. Its average lifespan is 10 years. 

Having a low commercial value, it’s appreciated for 

recreational fishing. 

Many studies have been dedicated to the 

reproduction (Gerbron et al., 2014; Kroupova et al., 

2014), the dynamic (Angelibert & al, 1999; Hayden et 

al., 2014; Horppila, 1994) and a diet (Dukowska et al., 

2014; Gocke et al., 2013; Kahl et al., 2006; Haertel and 

Eckmann, 2002; Hölker et al., 2002; Kamjunke et al., 

2002; Okun et al., 2005) of the R. rutilus in its natural 

range. Following its invasion, its growth was studied in 

Norway (Linløkken et al., 2011), in Iran (Sedaghat and 

Abbas Hoseini 2009) and in Turkey (Okgerman et al., 

2009) where its parasitology was discussed (Oguz, 

2004; Saç et al., 2016). In the south of the 

Mediterranean Sea, only Djemali (2004) showed 

interest to its growth in Sidi Salem’s dam and Bir 

Mcherga in Tunisia, while Bahri-Sfaret al. (2010) 

studied the parasitosis with Ligula intestinalis Cestoda 

in its congener Rutilus rubilio in Sidi Salem and 

Nebhana’s dams. 

During one year, we studied the diet of the roach Rutilus rutilus (L.) in the Ghrib's dam (center of Algeria). A total of 309 

individuals, of size between 12.3 cm and 26.7 cm, were examined of which 56.9% had an empty stomach. The coefficient of digestive 

vacuity is low during autumn (33%) and high during spring (80%). A total of 947 preys were found in the examined stomachs: 

crustaceans (2 groups: Cladocera, Copepoda) and hexapods (5 groups: Diptera, Coleoptera, Trichoptera, Ephemeroptera, 

Hymenoptera), to which are added plant residue. Based on the Main Food Index (MFI) and Hureau coefficient (Q), we noticed 

variations on diet of roach, the crustaceans are the preferential preys of the roach in autumn and the hexapods are accessory preys. In 

summer and winter, crustaceans become secondary preys and hexapods become main preys.  

 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:arabyasmine92@gmail.com
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In this work, we describe the diet of R. rutilus in 

Ghrib’s dam where its abundance let us qualify it as 

invasive. The importance of these data is crucial to 

demonstrate the variation on the diet of this specie 

according the seasons and to preserve and/or appreciate 

the natural biological resources in the continental 

Algerian hydro systems. 

2. Material and methods  

2.1. Study area 

The Ghrib dam is located in Cheliff’s oued, at 

150 Km west of Algiers (36°07’47.23” North latitude 

and 2°35’53.13” East longitude). It’s located in the sub-

humid bioclimatic area with temperate winter, at an 

altitude of 419 m (Fig. 1).  

 

 
 

Figure 1: Geographical location of Ghrib dam (S1: Station 1 and S2: 

Station 2) 

2.2. Fish sampling  

The fish were captured monthly during a year 

(from March 2014 to February 2015) with 

monofilament gillnets (l=50 m, h=4 m, mesh=18 mm). 

The fishing is done in two areas, one close to an island 

in the center of the dam and the other one is 

downstream (Fig. 1). The nets are disposed 

perpendicularly to the shore. They are set in the evening 

around 6pm and taken back the next day around 7am. 

2.3. Study methods 

Roaches have been devoid of their stomach; the 

analyses of the diet concerned the whole digestive tract, 

from the oesophagus to the anus (Hynes, 1950). The 

digestive contents of 309 individuals from 12 cm (21 g) 

to 28 cm (269 g) were preserved fresh in formalin at 8% 

and examined later. The content of each stomach is 

emptied and sorted in a Petri dish under a binocular 

magnifier (ampliation of 20×). The different preys are 

identified with the corresponding identifying keys: 

Dussart (1967) for the Copepods, Amoros (1984) for 

the Cladoceras, Tachet et al. (2009) for micro-

invertebrates (Dipteras, Trichopteras, Hymenopteras, 

Coleopteras). We receive the term “residue” and 

“undetermined” respectively for plant residues and 

undetermined items. 

The quantitative analysis of the digestive tracts 

content consists of calculating the digestive vacuity 

coefficient (C.V), globally and by season: C.V= ×100 

while E.V=number of empty stomachs and E.E=number 

of examined stomachs, 

The different ingested preys are classified 

according to their preponderance: relative abundance 

(Cn), occurrence (Oc) and weight (Cp) using Hureau’s 

(1970) coefficient and the MFI Zander (1982): 

Q=Cn×Cp,  

while 

Cn= ×100, 

where N.P is the number of a given prey and 

T.P the total number of preys. 

Cp = ×100, 

where P.P is the weight of a given prey category and 

P.P.T the total weight of eaten preys. 

MFI=  

The ingested preys are classified according to the 

Main food index (MFI) values as follows: MFI>75: 



ARAB Y.I. et al. 3 
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preferential prey, 50≤MFI≤75: Main prey, 25≤MFI≤50: 

secondary prey, MFI<25: accessory prey. The different 

preys are sorted in descending index order and this 

gives us two matched series. The number of ranks 

between the two simples has to be identical, so that if a 

taxon’s category doesn’t appear in one of the sample, it 

will still be assigned a rank, if the MFI is identical 

inside one same taxonomic series, we assign a common 

rank to each item, which is going to be the average of 

the ranks that they would have had if there was no 

equality. The static significance of the observed 

variations is evaluated with Spearman's rank correlation 

coefficient (ρ) (Fritz, 1974), applied to the different 

ranks where the different preys belong. 

3. Results 

The lowest vacuity coefficient values were 

observed during autumn (33%) and winter (49%) 

(Fig. 2). They are significantly higher during spring 

(80%) and summer (67%). 

            
Fig. 2: Seasonal variation of digestive vacuity coefficient of R. rutilus 

in Ghrib dam 

 

The total number of identified preys and determined 

in the 309 examined digestive tracts is 947, represented 

by 7 taxonomic classes. These preys are essentially 

Arthropods, who belong to the subphylum of 

crustaceans (2 families: Cladocera, Copepoda) and the 

hexapods (5 families: Dipetra, Coleoptera, Trichoptera, 

Ephemeropetra, Hymenopetra), to which are added 

plant residue whose seasonal biomass in a digestive 

tract vary between 22% and 10%. The Cladoceras, 

Copepodas, plant residue and chironomids are present 

during the 4 seasons. While Coleopteras are absent 

during spring and hymenopetras are absent during 

spring and autumn. Crustaceans are present with an 

MFI=70 and are represented mainly by Cladoceras. The 

Hexapodes (MFI=17.3) are secondary preys (Table 1). 

Table 1:  

Inventory of the preys ingested by R. rutilus in Ghrib dam  

OC%: occurrence, CN%: relative abundance, CP%: weight, MFI: Main Food Index, Q: Hureau coefficient. 

 OC% CN% CP% MFI Q 

Crustacea 54.1 56.5 88.6 70.0 5011.0 

Branchiopoda Cladocera 30.8 52.8 88.1 60.7 4650.3 

Maxillopoda Copepoda 23.3 3.8 0.5 2.6 1.8 

Hexapoda 57.1 12.3 8.7 17.3 106.4 

Insecta 

Coleoptera 11.3 2.0 1.9 3.5 3.8 

Trichoptera 0.8 0.1 0.3 0.3 0.02 

Ephemeroptera 3.8 1.7 1.3 1.9 2.2 

Hymenoptera 2.3 0.2 3.8 2.2 0.8 

Diptera (Chironomedae) 39.1 8.3 1.4 5.7 11.4 

Plant residues 32.3 23.3 2.1 7.7 49.1 

Undefined 37.6 7.8 0.6 3.7 4.8 

 

The results in tables 2 and 3 show that in summer 

and winter, the crustaceans are secondary preys 

(28.9≤MFI≤35.4). They become main preys in spring 

and autumn (59.4≤MFI≤87.9) with a dominance of 

Cladoceras, Hexapodas are main preys in summer and 

winter (61.1≤MFI≤73.5) and become secondary during 

spring (MFI=36) and accessory prey during autumn 

(MFI=4.3). However, STUDENT test (t) shows that 

there is significant difference between the four seasons 

MFI (p<0.05). 

https://www.revuenatec.dz/Proceedings/ICAPC'5
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Table 2:  

Classification of different preys depending on the seasons. 

 Spring Summer Autumn Winter 

Preferential 

Prey 
  Crustacea  

Main prey Crustacea Hexapodea  Hexapodea 

Secondary 

Prey 
Hexapodea Crustacea  Crustacea 

Accessory 

Prey 
  Hexapodea  

 

 

 

 

 

 

 

 

 

Table 3 

Inventory of the preys ingested by R. rutilus in Ghrib dam depending on the season. 

 Summer Autumn Winter Spring 

 Q MFI Rang Q MFI Rang Q MFI Rang Q MFI Rang 

Cladocera 428.8 19.6 1 8 557.6 80.6 1 488.3 24.4 1 1 783.5 36.3 1.0 

Copepoda 39.0 5.9 6 0.9 1.8 3 32.1 6.4 6 133.1 12.1 3.0 

Total 935.7 28.9  8 889.1 87.9  1 015.7 35.4  3 833.2 59.4  

Ephemeroptera 0.0 0.0 7 0.0 0.0 5.5 372.5 17.0 3 0.0 0.0 4.5 

Coleoptera 190.1 12.0 3 0.3 1.1 4 263.2 17.7 2 0.0 0.0 4.5 

Trichoptera 58.5 7.2 5 0.0 0.0 5.5 0.0 0.0 7 0.0 0.0 4.5 

Hymenoptera 287.5 16.0 2 0.0 0.0 5.5 63.7 10.7 5 0.0 0.0 4.5 

Chironomedae 146.2 11.4 4 4.0 3.2 2 170.7 16.1 4 1 268.9 36.0 2.0 

Total 4 386.0 61.1  6.9 4.3  4 600.3 73.5  1 268.9 36.0  

 

4. Discussion 

 

R. rutilus’s diet in Ghrib dam shows a seasonal 

rhythm, reflected by an intense trophic activity 

(CV=33%) in autumn and a slowdown during spring. 

This period matches a phase in the sexual cycle of the 

specie, characterized by a strong gametogenic activity 

(from October to November, unpublished data) which 

requires significant nutrient inputs, necessary for the 

production of gametes. During the next season (winter), 

the weight and volume increase of the gonads may 

compress the digest tract and limit the number and size 

of the ingested preys, which explains the increase of the 

digestive vacuity coefficient (CV=49%) which reaches 

its highest value during spring (80%) when the ovaries 

are at the maximum of their development. 

The annual diet of R. rutilus in Ghrib dam 

essentially consists of crustaceans (Cladoceras, 

Copepoda) and insects (Chironomids). In Léman lake in 

France, Gerdeau (2001) found out that Cladoceras, 

especially daphnia, are main preys, while cyclopoida 

are casual preys. Dukowska et al. (2014), Hayden et al. 

(2014) and Estlander et al. (2010) come with same 

conclusion concerning Warta river in Poland, Lough 

Corrib, Ross, Lough Cullin, Lough Ennelland Lough 

Conn lakesin Ireland and Hokajärvi, Haarajärvi, 

Haukijärvi and Majajärvi lakes in Finland. In 

Cockshoot Broads lake in Great Britain, Perrow and 

Irvine (1992) added rotifers to the known roach preys. 

However, Sharma and Borgstrøm (2007) found out that 

the roach’s diet in Årungen lac (Norway) is more 

diversified. Besides zooplankton and some micro-

invertebrates that we found in the individuals in Ghrib 

dam, they report the presence of filamentous algae and 

macrophytes. We note that Richeux et al. (1992) point 

out that phytoplanktons (diatomophyceae) are ingested 

in significant amounts, but its weight contribution is 

still low in the roach’s diet in Pareloup lake in France. 

Tarkowska-Kukuryk (2008) found other preys like 

zygoptera in Kleszczów and Głębokie lakes in Poland. 

Gocke et al. 2013 add the oligochaete 

(Eiseniellatetraedra) as a prey of the roach in Germany 

(LadbergerMuhlenbach), while Horppila and Nurminen, 

2009 speak of molluscs in the R. rutilus of Kirkkojärvi 

basin in Finland. 

The analysis of the seasonal composition of the R. 

rutilus diet shows that there is a dominance of 
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crustaceans during spring and autumn. Their low 

consumption during summer (MFI=28.9) can be 

explained by their replacement by chironomids larva 

and nymphs. This variation in the diet is confirmed by 

Gerdeau’s (2001) work in lake Léman where 

chironomids are present in February. However, Gocke 

et al. (2013) shows that Trichoptera and terrestrial 

fauna (found in degraded condition) are the most 

ingested preys during the whole year, which is not the 

case in Ghrib dam where the specie doesn’t seem to 

appreciate the terrestrial fauna. The STUDENT test 

shows that there is significant difference between the 

four seasons MFI in the qualitative aspect, because the 

analysis of the dietary index showed difference of 

seasons in the nature of the prey. 

 

5. Conclusion 

 

R. rutilus (L.) is omnivorous species in Ghrib dam, 

with a list of preys that is equivalent to the one 

described in its natural range. From a qualitative view, 

the diet isn’t a limiting factor for the proliferation of 

this specie and the diet varies according to the seasons. 

However, future work should focus on the trophic 

interactions between the roach and other fish species, 

native and introduced, in order to be able to express the 

impact of its invasion on the host environment and its 

population. 
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Abstract 

 

Fecal bacteria are indicator organisms used worldwide to monitor water quality. These bacteria are used in microbial source 

tracking (MST) studies. Ideally, all strains of a given indicator organism (IO) would experience equal persistence (maintenance of 

culturable populations) in water; however, some strains may have comparatively extended persistence outside the host, while others 

may persist very poorly in environmental waters. In our study, we had recorded the highest density of fecal bacteria in winter, and the 

lowest in spring and summer, also in depth higher than surface, were likely because of the Inhibitory effects of solar radiation, which 

has been shown to influence the survival of these organisms. The concentrations of fecal bacteria were not only a result of temporal or 

spatial variability in their sources, but also the fact that various bacteria have different lifespans that vary according to environmental 

factors, such as temperature, pH, concentration in nutrients, and solar radiation which is responsible for 99% of the mortality of fecal 

coliforms on the surface. 

 

Keywords: Fecal bacteria; Mortality; Lake dam; Algeria 

1. Introduction 

The deterioration of water quality in aquatic 

ecosystems is an increasingly important issue in 

Algeria. Such changes are particularly important in the 

Mediterranean, where water resources are limited, 

fragile, threatened and suffer from overexploitation 

(Margat & Vallée, 1999; Mutin, 2000; Khamar et al., 

2000; Azzaoui et al., 2002). Moreover, reserves are 

decreasing as a result of increasing consumption by 

humans, particularly in areas experiencing increased 

population densities. Freshwater consumption also 

generates pollution via the discharge of wastewater, 

which directly threatens the water quality and integrity 

of the aquatic ecosystems. Further contamination of 

surface and groundwater can occur via diffuse 

discharges and agricultural activities. As a result of 

these many sources of pollution, it has become 

increasingly difficult to estimate the rate of 

contamination caused by various forms of pollution and 

to conduct quantitative monitoring (Ghazal et al., 

2006). 

The present study was conducted to evaluate the 

distribution of various bacterial populations of fecal 

origin in Boukourdane dam reservoir (Algeria). 

Moreover, the impact risks of the vegetation type, land 

use and soil surface crusting, combined with 

mammalian presence and grazing were investigated. 

Recognizing and understanding the relative influence of 

natural and human-induced processes on hydrological 

and biochemical functioning and bacteria abundance are 

prerequisites for improved water resources 

management. Furthermore, there are several cities along 

Wadis in the watershed that discharge untreated 

wastewater directly into the Wadis feeding the 

reservoir. Therefore, in this study, water quality was 

monitored for 2 years (January 2013 to January 2015) at 

four different stations. 

 

2. Materials and methods 

 

2.1. Study area 

 

Boukourdane dam is located on the bed of Wadi 

El Hachem, at the juncture of two principal intermittent 

Wadis, Menacer and Fedjana (Figure 1). The study area 

is approximately 1.3 km south of the Village of Sidi 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:sihemarab@gmail.com
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Amar (Wilaya1 of Tipasa), located at a latitude of 

35°32' N and a longitude of 2°18' E and an altitude of 

119.5 m. The climate is typically Mediterranean, with a 

dry and hot period of 5 months stretching from mid-

May to mid-October. The site is also 11 km from the 

Mediterranean Sea in a catchment area of over 177 km2. 

The average annual contribution of the Boukourdane 

dam reservoir is 2 million m3, presenting a full capacity 

of 101.5 million m3 with 700 mm annual rainfall. The 

reservoir has a maximum depth of 34 m and a total 

surface area of more than 536 hectares. 

Boukourdane dam is intended to supply the cities of 

Cherchell, Tipasa and Nador with drinking water and 

enable irrigation of the valley of Wadi El-Hachem and 

the areas of Hadjout and the Sahel. 

We selected four stations distributed on the lake of 

the dam for monitoring (Figure 1). S1 (in Wadi 

Menacer) and S3 (in Wadi Fedjana) were surface 

sampling stations, whereas surface samples and samples 

from within the water column were collected from S2 

(at the juncture of the two Wadis) and S4 (near the 

dyke) 

The sampling stations were selected based on the 

hydrographic system and potential sources of pollution. 

Sampling, transport and conservation of the water 

samples followed the protocols described by Rodier et 

al. (2009). Samples were collected monthly over a 

period of 2 years, from January 2013 to January 2015, 

to obtain a representative image of water quality and its 

seasonal and annual variation. 

Three parameters were measured in situ, water 

temperature, pH and dissolved oxygen, which were 

determined using a Multi 340i/SET WTW analyzer. 

Samples were also analysed for total coliforms, fecal 

coliforms, fecal streptococci and sulfite-reducing 

anaerobes. To accomplish this, samples were collected 

into sterile bottles from the same location as for the 

other parameters taking care not to contaminate or 

modify the samples, and transported to the laboratory in 

a cooler at 4°C. Upon arrival in the laboratory, samples 

were analysed according to the protocol described by 

Rodier et al. (2009), as described below. 

• Total coliforms 100 mL-1: samples were filtered 

through membranes (0.45 μm) that were placed on 

 
1 A territorial collectivity 

Tergitol medium containing triphenyl tetrazolium 

chloride and incubated for 24 h at 37°C. 

• Fecal coliforms 100 mL-1: samples were filtered and 

plated as described above, then incubated for 24 h at 

44°C. 

• Fecal streptococci 100 mL-1: samples were filtered 

as described above, after which filters were placed on 

Slanetz & Bartly medium and incubated for 24 to 48 h 

at 37°C. 

• Sulfite-reducing anaerobes 20 mL-1: samples were 

used to inoculate deep agar tubes containing meat-liver 

agar amended with iron salt and sodium sulfate and then 

incubated for 24 to 48 h at 37°C. 
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Figure 1: Distribution of sampling stations on Boukourdane lake dam, wilaya of Tipasa (Algeria 

3. Results and discussion 

 

3.1. Characterization of the bacteriological 

community: 

 

The density of fecal bacteria in the lake water was 

found to undergo important spatial and temporal 

fluctuations. The maximum concentrations of total and 

fecal coliforms were recorded in winter 2015 

(4500 CFU 100 mL-1), while the minimum values were 

observed in winter 2013 (320 CFU 100 mL-1 for total 

coliforms and 76,100 mL-1 for fecal coliforms; Tab. I). 

The highest levels of fecal streptococci and sulfite-

reducing anaerobes were recorded in winter of 2014 

(772 CFU 100 mL-1 and 24 CFU 20 mL-1 respectively). 

The microbiological quality of rivers is primarily 

controlled by human and animal density and the 

management of their waste in the watershed (Rochelle-

Newall et al., 2016). The bacterial loads in the water 

from stations 2 & 4 were lower than in the water from 

the Wadis that feed them (stations 1 & 3), the highest 

loads were all recorded during winter because water 

collects in the Wadis after having taken up bacteria 

while running over land. Accordingly, this decrease 

may have been caused by dilution or death of the 

bacteria. Indeed, Chigbu et al. (2005) and several other 

researchers indicated that the concentrations of 

coliforms vary with seasonal changes (Rosenfeld et al., 

2006), as well as in response to precipitation and river 

flow (Lipp et al., 2001). The bacterial loads were higher 

in autumn 2013 and winter 2015 than the rest of the 

year, which was also when the fecal and total coliform 

levels were highest. These findings are in accordance 

with those of Talya et al. (1992) and Ouhmidou et al. 

(2015), but contrary to the results reported by 

Mehanned et al. (2014), who found high values in 

summer and low values in winter. Based on the fecal 

coliform concentrations, the water quality in the 

reservoir is good according to SEQ-EAU (2014). The 

quantity of micro-organisms present in water increases 

with rainfall, although no previous studies have been 

able to establish a simple law modeling these two 

parameters (Ouhmidou et al., 2015). The leaching of the 

soils through runoff can nevertheless be a principal 

reason for movement of the land’s biomass. The 

fluctuations observed during our study period likely 

reflected variations in the composition of the effluent in 

autumn and winter relative to summer (Ouhmidou et 

al., 2015).  

The fecal streptococci showed significant seasonal 

variations (p<0.001), being abundant in spring 2013 and 

winter 2014, and more abundant in-depth at station 4 

(60 CFU 100 mL-1) than at other stations of the 

Boukourdane dam reservoir. Based on the fecal 

streptococci levels, the water quality was good 

according to SEQ-EAU (2014). These results do not 

agree with those of Moussa et al. (2013), who found the 

maximum concentrations in summer and autumn. This 

difference was probably a result of the use of the animal 

feces as fertilizer in the cultivated areas on the edge of 
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Boukourdane dam reservoir, as well as because the 

station is in the lake, rather than the Wadis, contrary to 

the results presented by Ouhmidou & Chahlaoui (2015).  

Sulfite-reducing anaerobes are telluric bacteria that 

form spores enabling them to persist for long periods of 

time under adverse conditions. In the present study, low 

levels of sulfite-reducing anaerobes were observed. 

Although their levels were low, they showed elevated 

levels in spring 2013 and winter 2014 (p<0.001); the 

highest value (35 CFU 100 mL-1) was observed in 

station 1. The presence of these spores would indicate 

that fecal pollution is old or intermittent (OMS, 2000). 

 

Table I 

Summary table of the average monthly results of the bacterial density in water of the Boukourdane dam: 

 Total Coliforms (TC) Fecal Coliforms (FC) Fecal Streptococci (FS) 
Sulphite-reducing 

anaerobes (SRA) 

J.13 668.75 ± 291.27 164 ± 103.02 3.5 ± 3.10 4 ± 2.58 

F.13 936 ± 1 053.81 33.33 ± 19.86 2.33 ± 2.25 5.83 ± 3.37 

M.13 728 ± 485.93 111.66 ± 191.02 0.66 ± 1.63 3.83 ± 3.71 

A.13 1850 ± 911.84 672.66 ± 814.51 127.33 ± 176.46 12.66/7.11 

MY.13 1970 ± 1 964.638 65 ± 43.72 20 ± 22.62 2.66 ± 1.21 

JN.13 4 500 ± 00 100.33 ± 60.08 0.00 1.83 ± 0.75 

JL.13 3 322.66 ± 737.71 654 ± 786.61 42 ± 87.66 2 ± 1.41 

AT.13 330.33 ± 122.76 185 ± 239.51 6.66 ± 6.02 1.33 ± 1.03 

S.13 3 575.33 ± 1 432.83 1 286.66 ± 1 329.31 6.66 ± 12.56 6.5 ± 6.41 

O.13 4 272.66 ± 556.85 587.16 ± 948.67 4.66 ± 9.60 1.83 ± 1.94 

N.13 4 500 ± 00 1 140 ± 1 061.91 54 ± 18.37 7.83 ± 1.47 

D.13 1 603.33 ± 2 245.17 470.33 ± 646.27 8 ± 9.12 14.66 ± 8.26 

J.14 3 901.33 ± 1 466.42 1 827.33 ± 1 057.67 130 ± 314.52 1.5 ± 1.51 

F.14 2 959.33 ± 1 688.81 1 001.33 ± 1162.82 10 ± 9.38 3.83 ± 1.47 

M.14 12 ± 11.86 10.66 ± 9.68 2.66 ± 3.26 1.5 ± 1.22 

A.14 2 724 ± 2 028.48 596.66 ± 953.97 0.00 1.66 ± 1.96 

MY.14 1 791.33 ± 585.43 334.66 ± 153.23 0.00 1.66 ± 1.36 

JN.14 2 958.66 ± 1 757.41 678.66 ± 922.13 0.16 ± 0.40 3.16 ± 2.63 

JL.14 2 473.33 ± 2 222.86 562.66 ± 956.32 0.00 5.83 ± 1.16 

AT.14 1 930.83 ± 1 993.39 1 012.66 ± 1 158.28 1.83 ± 4.02 1.5 ± 1.64 

S.14 1 264 ± 1 623.50 474 ± 994.34 0.00 2 ± 1.41 

O.14 411.33 ± 500.09 91.16 ± 97.32 0.00 2.5 ± 1.04 

N.14 3 894 ± 1 484.39 302.66 ± 117.34 3.33 ± 3.01 2.83 ± 1.47 

D.14 4 500 ± 0.00 1 757.33 ± 1 151.33 4.66 ± 3.93 1.66 ± 1.86 

J.15 4 500 ± 0.00 1 094.66 ± 1 089.54 32 ± 16.58 4.66 ± 1.03 

 

3.2. Spatial distribution of microbiological 

parameters 

 

As shown in figure 2, Factorial Correspondence 

Analysis (FCA) revealed that the spatial distribution of 

fecal bacteria varied according to density and depth. 

According to the plane F1×F2 (99.77%) we notice the 

formation of 3 groups. 

According to F1 (87.47%), on the positive portion of 

the graph, the first group is formed by total coliforms 

and the sulfite-reducing anaerobes in all of the surface 

stations. The negative portion forms a second group 

consisting of in-depth fecal coliforms at station 2 

(where we recorded the highest concentration). 

According to F2 (12.30%), the negative portion forms a 
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third group composed of in-depth fecal streptococci at 

station 4. 

The distribution of total bacteria and total coliforms 

according to depth is one of the principal factors that 

must be considered when conducting bacterial function 

studies. The increase in luminosity during summer 

generally leads to increased algal biomass. Summer 

algal development can lead to the decomposition of a 

considerable quantity of cells, resulting in the release of 

organic matter into the water, which supports the 

development of heterotrophic organisms. These 

deposits could cause shade limiting photosynthesis and 

algal development, as well as influence the 

consumption of oxygen by aerobic microorganisms. 

The activity of bacteria on the bottom of lakes depends 

on the quantity of organic matter in the sediments, as 

well as the temperature and/or solar radiation, which is 

responsible for 99% of the mortality of fecal coliforms 

on the surface (Burkhardt et al., 2000). 

 

 

Figure 2: Results of factorial correspondences analysis (FCA) of the 

fecal germs spatial distribution. (S1.P0: Station 1 Depth 0, S2.P0: 

Station 2 Depth 0, S2.P1: Station 2, Depth 1, S3.P0: Station 3, Depth 

0, S4.P0: Station 4 Depth 0, S4.P1: Station 4 Depth 1). 

 

4. Conclusion 

 

The temporal evolution of each indicator (total 

coliforms, fecal coliforms and fecal streptococci) 

showed specific variations in each bacterial indicator. 

The concentrations of fecal bacteria were not only a 

result of temporal or spatial variability in their sources, 

but also the fact that various bacteria have different 

lifespans that vary according to environmental factors, 

such as temperature, pH, concentration in nutrients, and 

solar radiation. 
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Abstract 

A 47 fresh water diatoms species was recorded during a survey of the catchment area of the Boukourdane dam, northern Algeria. 

The temporal distribution patterns of diatom communities in relation to environmental parameters were examined using canonical 

correspondence analysis (CCA) for ascertaining the interdependence between physico-chemical descriptors and diatom assemblages in 

192 samples, collected over a period of 2 years, across 4 sampling stations. There was a significant relation between environmental 

factors and diatom species. A further factor influencing the shape of diatom assemblages was related to the conductivity, different 

genus of Cyclotella and Nitzschia were found to be strongly related to conductivity and phosphate ions. The maximum dominance of 

the centric diatom Cyclotella ocellata was recorded during the autumnal season. Nitzschia acicularis and Gyrosigma acuminatum, 

were the principal species dominating the summer season. An anthropogenic impact was also most evident in structuring diatom 

assemblages at sites close to lake where agriculture was concentrated. 

 

Keywords: Diatoms; Environmental factors; Water quality; Boukourdane dam; Algeria 

1. Introduction 

 

Wetlands are one of the most productive ecosystems 

on Earth (Ghermandi et. al., 2008). As well are known 

to sustain a varied diversity of both flora and fauna. 

Flora includes various forms that range from 

microscopic planktonic algae to macrophytes. In aquatic 

ecosystem, phytoplanktons play a major role in 

maintaining the floral diversity as they are the basis of 

aquatic food chain. Limnological studies highlighting 

the role of abiotic factors in the distribution of aquatic 

organisms are legion (Ahriz et al., 2010). 

For diversity and taxonomic study on diatoms 

population no report is available from the study area. 

The present communication thus deals with the 

diversity and taxonomic enumeration of planktonic 

Bacillariophycean members of Boukourdane dam. 

Our study relates to diatoms and their temporal 

distribution during a period spanning February 2013 to 

January 2015. We identified the diatoms communities 

and investigated the abiotic factors driving their 

distribution. We also aimed to identify a set of diatom 

species; some pollution tolerant that could serve as 

bioindicators of anthropogenic impact. 

 

 

2. Materials and methods 

 

2.1. Study area 

 

Boukourdane dam is located on the bed of wadi 

El Hachem, at the juncture of two principal intermittent 

wadis, Menacer and Fedjana (Fig. 1). The study area is 

approximately 1.3 km south of the Village of Sidi Amar 

(Wilaya of Tipasa)1, located at a latitude of 35°32' N 

and a longitude of 2°18' E and an altitude of 119.5 m. 

The climate is typically Mediterranean, with a dry and 

hot period of 5 months stretching from mid-May to 

mid-October. The site is also 11 km from the 

Mediterranean Sea in a catchment area of over 177 km2. 

The average annual contribution of the Boukourdane 

dam reservoir is 2 million m3, presenting a full capacity 

of 101.5 million m3 with 700 mm annual rainfall. The 

reservoir has a maximum depth of 34 m and a total 

surface area of more than 536 hectares. 

Boukourdane dam is intended to supply the cities of 

Cherchell, Tipasa and Nador with drinking water and 

enable irrigation of the valley of wadi El-Hachem and 

the areas of Hadjout and the Sahel. 

 

 
1 Province 
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Figure 1: Study site Boukourdane lake dam and sampling stations. 

 

2.2. Sampling 

Transport and conservation of the water samples 

followed the protocols described by Rodier et al. 

(2009). Samples were collected monthly over a period 

of 2 years, from January 2013 to January 2015, to 

obtain a representative image of water quality and its 

seasonal and annual variation. 

Five parameters were measured in situ, water 

temperature, pH, conductivity, and dissolved oxygen, 

which were determined using a Multi 340i/SET WTW 

analyzer, and transparency, which was determined 

using a Secchi disk. Additionally, nine physicochemical 

parameters (nitrate, nitrite, ammonium, ortho-

phosphate, sulfate, calcium, magnesium, chloride and 

suspended matter) were analysed at the laboratory. 

Sulfate was measured using the gravimetric method, 

while molar titration was used to evaluate chloride, 

calcium and magnesium; filtration was employed to 

measure the suspended matter (Rodier et al., 2009), and 

the colorimetric method with a continuous flow on an 

automated chain (SKALAR) was used to determine the 

nitrate, nitrite, ammonium and ortho-phosphate levels. 

Parallel to abiotic data, samples of microalgae were 

collected the same day using a 50 micro meters mesh 

net. The samples were fixed using a lugol’s solution in 

order to obtain a final concentration of 1% in the 

sample. For a long-term storage, we added 4% of 

formalin. Sub-samples were placed for sedimentation in 

the plankton chambers of 10 ml (for quantitative 

analysis). The taxonomic identification was done with 

the help of standard keys relevant available literature 

viz. Bourrelly (1972, 1981, 1985), Philipose (1967), 

(Algae Base, 2016). Samples were viewed under low 

and high objectives of ZEISS-WINKEL inverted 

microscope and microphotographs of these samples 

were taken using a digital camera and TSview© 

software. 

 

2.3. Statistical analysis 

 

The relationship between the physicochemical 

parameters was evaluated by the Kruskal–Wallis test. 

The overall dataset was analysed by Canonical 

Correspondence Analysis (CCA) to measure the 

contribution of the environmental parameters to the 

diatoms density. All analyses were conducted using the 

Ade4 package of the R program (R Development Core 

Team 2014). 

 

3. Results and discussion 

 

Since the seasonal variations of phytoplankton are 

related to variety of environmental factor s in aquatic 

environments (Washington, 1984; Boney, 1989; Wu & 

Chu, 1999) the approach adopted in the present 

investigation, namely to relate temporal changes in 

diversity to temporal changes in environmental 

conditions, resulted in the development of a better 

understanding of the nature of interactions between the 

phytoplankton community and its environment in the 

Boukourdane dam. 

The temperatures recorded during the study period 

indicate that the water of the Boukourdane dam 

https://www.revuenatec.dz/Proceedings/ICAPC'5
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reservoir is favorable to aquatic life, with mediocre 

quality according to the SEQ-EAU2 (2014). Significant 

differences in temperatures were found during the study 

period (p<0.001). The temporal evolution of the 

temperature indicates that the water temperature follows 

that of the air. The pH values were slightly alkaline 

because of the limestone substrate of the geological 

formations in the area catchment, which is rich in 

carbonates, making it possible to buffer the water. 

Based on the pH, the water in the reservoir is of good 

quality according to the SEQ-EAU (2014). Overall, the 

pH decreased during summer, which was likely because 

of increasing water temperature (p<0.001). These 

findings agree with those reported by El Ghachtoul et 

al. (2005) and Ouhmidou et al. (2015). The dissolved 

oxygen rates showed that water in the Boukourdane 

Reservoir is well oxygenated (SEQ-EAU, 2014), with 

significantly lower values in summer than in winter 

(p<0.001). This was likely because of a reduction in the 

solubility of this element when the temperature 

increased (Ouhmidou et al., 2015). The observed low 

nitrate concentrations indicate that the water is of good 

quality according to SEQ-EAU (2014), with a 

significant difference (p<0.001). Its temporal evolution 

was also observed in the studies of Ouhmidou et al. 

(2015) and Martinelli et al. (1999). The presence of 

nitrate in surface water can be linked either to the 

contributions from agricultural processes (e.g., leaching 

of fertilizer containing nitrate) or to the transformation 

into nitrate of ammonium coming from domestic or 

animal discharge (Djabri, 1996; El Ouali Lalami et al., 

2011; Errochdi et al., 2012). The maximum sulfate 

concentrations were recorded during the pluvial period, 

possibly because of the leaching of the evaporitic 

deposits from the gypsiferous formation and mines 

operated in the catchment (Purdy et al., 2002). The 

sulfate levels then decreased significantly in autumn 

2014 (significant seasonal variation, p<0.001). Most of 

the concentrations recorded in the study period 

exceeded the standard of 350 mg L-1 (SEQ-EAU, 2014). 

The low concentrations of ammonium were because of 

runoff of leaching from the soil (p<0.001). This element 

is preferentially absorbed when the algae 

simultaneously contain ammonium and nitrate 

(Prochazkova et al., 1970), which explains the low 

 
2 Système d'Évaluation de la Qualité de l'Eau [In French] 

  Translation: “River water quality assessment system” 

contents measured during these periods. Ortho-

phosphate ions primarily originate from domestic and 

agricultural activities. In the present study, no 

significant differences were observed among stations 

(p>0.05). The highest ortho-phosphate concentrations 

were observed in winter and spring 2013 because of the 

increase in organic compounds during the flood period 

(significant difference, p<0.001), which supports a very 

thorough mineralization of the organic matter and 

indicates that the water quality is very good with respect 

to ammonium and ortho-phosphate (SEQ-EAU, 2014). 

• Temporal distribution of the diatoms community 

according to environmental parameters: 

A total of 47 taxa of diatoms along with their 

seasonal abundance have been recorded during a survey 

of the catchment area of the Boukourdane dam. 

The specific composition of diatoms communities in 

Boukourdane dam and their temporal distribution were 

influenced by the change of parameters of the medium. 

The determining factors of the development and the 

seasonal succession of these algae were a combination 

of physical (temperature…), chemical (the presence of 

nutrients, phosphorus and nitrogen), and biological 

factors (competition) (Wille, 1990). 

In order to study the temporal distribution of 

diatomophyceae species relating to 17 measured 

parameters (Fig 2), the choice of this analysis allowed 

us to identify the relationships between the physico-

chemical variables and the temporal distribution of this 

species. The histogram of the eigenvalues shows a total 

variance of 77.30% for the plane CCA1×CCA2 

(43.85% for axis 1; 33.45% for axis 2). 

The effects of water temperature on phytoplankton 

have been examined in many fresh water ecosystems 

and it was found that water temperature strongly 

regulates the seasonal variation of phytoplankton 

(Richardson et al., 2000: Izaguirre et al., 2001; Susanne 

et al., 2005; Farahani et al., 2006) also light conditions 

could control phytoplankton growth (Golterman, 1975; 

Wetzel, 1983).  The density of diatoms increased by 

decreasing of water temperature in winter season.  

A further factor influencing the shape of diatom 

assemblages was related to the conductivity, Different 

genus of Cyclotella and Nitzschia were found to be 

strongly related to conductivity and phosphate ions. The 

maximum dominance of the centric diatom Cyclotella 

ocellata was recorded during the autumnal season. 

https://bretagne-environnement.fr/systeme-evaluation-qualite-eau-cours-eau-seq-eau
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Nitzschia acicularis and Gyrosigma acuminatum, were 

the principal species dominating the summer season, the 

anthropogenic impact was also most evident in 

structuring diatom assemblages at sites close to lake 

where agriculture was concentrated. 

The phosphate, conductivity and carbonate were the 

physico-chemical variables which significantly 

influenced the diatom communities Soininen & 

Kononen (2004) this is consistent with our results 

where we recorded these parameters with the species 

Cyclotella sp1, Cyclotella menegheniana, Nitzschia 

acicularis and Synedra acus. 

Several species dominated the summer season such 

as Nitzschia acicularis and Gyrosigma acuminatum, this 

result agrees with those of Rolland (2009). These two 

species were the main diatoms, where the PEG-model 

generalized this point on the diatoms, which often 

develop in early spring (Sommer et al., 1986).) We also 

found calcium ions bound to the species Achnanthes 

minutissima unlike the results of El Haouati et al. 

(2015) who found this ion strongly correlated with 

Gyrosigma acuminatum and Nitzschia palea. 

We noticed that the genus Cymateupleura were 

found in autumn 2014 (C. elliptica) and in winter 2015 

(C. Solea) contrary to El Haouati et al. (2015) who 

found C. Solea during the spring season, for the same 

environmental conditions where we experienced a re-

increase in the mineralization of the waters. 

Nitzschia palea is a common species of Algerian 

surface waters (Baudrimont, 1973, Chaïb et al., 2011), 

known for its resistance to organic pollution (Lange-

Bertalot, 1979) and relatively high concentrations of 

H2S, (Baudrimont, 1973). We recorded its highest 

concentration in spring 2013 where we noticed a 

considerable increase in sulphate ions (1255.024 mg/l), 

which disagree the results of El Haouati et al. (2015) 

where they found it during the autumn season. 

 

 
 

Figure 2: Factorial representation of the seasons of study, the diatoms species and the environmental 

variables on the plane (F1×F2) of the CCA. 

https://www.revuenatec.dz/Proceedings/ICAPC'5
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4. Conclusion 

 

The diatoms display a considerable diversity in 

lakes and aquatic ecosystems in general. This diversity 

constitutes an important element in the indices of 

phytoplankton which are used for the evaluation of 

trophic lakes. This range of different applications 

underlines the importance of studying the ecology of 

diatoms, especially in North Africa where water is 

scarce and wetlands under considerable anthropogenic 

pressure. 
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Summary: 

The study of the distribution of benthic macrofauna in the flow facies of the hydrographic network of El-Harrach Wadi allowed us 

to harvest 36 families of insect larvae. The analysis of this benthic macrofauna harvested highlighted the diversity in both facies. This 

diversity is much higher in lotic than lentic facies. In the upstream stations, we have noticed the presence of the Ephemeroptera 

(Baetidae, Caenidae, Heptageniidae) and Trichoptera (Hydropsychidae) in both facies and much more in the lotic facies. On the other 

hand, the Hemiptera (Gerridae, Corixidae) are individualized in the lentic facies and the Plopoptera (Perlidae, Perlodidae and 

Capnidae) in the lotic facies.  At the stations of the middle part of the stream (the plain), which are influenced by agricultural activities 

and domestic discharges, we recorded the presence of the Ephemeroptera (Baetidae, Caenidae, Heptageniidae), Trichoptera 

(Hydropsychidae, Philopotamidae ) and Diptera (Simuliidae, Chironomidae) in both facies but always with high numbers in the lotic 

facies. On the other hand, the Odonates and the Hemiptera are distinguished in the lentic facies with a dense aquatic vegetation and 

weak flow. In the downstream part, pollution has reached a worrying extent, caused by discharges from urban and industrial sources. 

The wadi in this part has become a real open sewer. We have recorded the presence of pollu-resistant taxa, the Diptera (Chironomidae) 

and the Oligochaete in both facies but much more in the lotic facies. 

Keywords: Distribution; Benthic macrofauna; Flow facies; pollution. 

1. Introduction 

Natural streams always have alternations of facies, 

including their most straight course. These flow features 

or morphodynamical units are portions of streams with 

a certain structural and functional uniformity in terms of 

velocities, water heights, substrate particle size, bed 

slope and water line and cross-sectional profiles 

(Malavoi and Souchon, 2001). 

There is a significant difference in the distribution 

of benthic fauna between the lotic (fast-flowing facies) 

and lentic (slow-flowing facies) environments, on the 

one hand, on the density of the stands and on the other 

hand at the level of the taxonomic richness. 

The present work consists of a study on the 

distribution of benthic macrofauna in the two lotic and 

lentic fascias and their ecology in the hydrographic 

network of the El-Harrach wadi. 

 

 

 

 

 

 

2. Materials and methods  

 

2.1. Study area 

 

Wadi El-Harrach is one of the largest wadis in the 

Mitidja plain. It is located in the north center of Algeria. 

It begins in the Blidian Atlas, crosses the plain of the 

Mitidja and flows into the bay of Algiers. The total 

length of the wadi El-Harrach is about 67 km, of which 

nearly 18.2 km is traveled in the capital to its 

embouchure in the Mediterranean Sea, while the rest of 

its route extends over the wilayates1 of Blida and of 

Medea (Figure 1). 

 

 
1 Province 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:bouchelouche_djaouida@hotmail.com
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Figure 1: Map of the study area and localization of sampled stations along Wadi El-Harrach. 

2.2. Sampling and Methodology 

 

Monthly sampling was carried out from April 2016 

to March 2017. Seventeen stations (from H1 to H13 on 

Wadi El-Harrach and from D1 to D4 on the large 

affluent Djemaa), were selected on the hydrographic 

network of the oued and distributed between altitudes 

11 to 218 m. The two upstream stations H1 and H2 are 

both located on the two tributaries whose confluence 

gives birth to Wadi El-Harrach. These stations are far 

the pollution. The station H3 is located after the 

confluence of the two affluents which form El-Harrach 

Wadi, between the two villages of Magtaa Lazreg and 

Hammam Melouane, this part is often used as a holiday 

resort in summer and managed as swimming pools. The 

middle course (from H4 to H8), is mainly impacted by 

agriculture whereas, the lower course (from H9 to H13), 

is the receptacle of industrial effluents. 

On the great affluent of the wadi El-Harrach which 

is the affluent Djamaa four stations were selected. The 

D1 station is located in the Tablet Mountains away from 

pollution. The other stations (D2, D3 and D4) are 

located downstream of the town of Larabaa. These 

stations are influenced by domestic, agricultural and 

industrial discharges. 

In the lotic facies (running water), sampling is 

carried out using a Surber filet, the net is placed in front 

of the current, the substrate is lifted with the foot and 

stones are lifted and turned in front the net. While in 

calm facies (calm water) where the sediments are 

deposited, sampling is carried out using a “filet 

troubleau”, the opening of the net is dragged slightly on 

the bottom by making reciprocating movements passing 

through the maximum possible habitat (Kamb Tshijik et 

al., 2015). 

2.3. Statistical Analysis 

Analysis of the structure and distribution of 

macroinvertebrates in flow facies and habitat 

characteristics was carried out using the Factorial 

Correspondences Analysis (FCA). This analyse were 

made using the program R (R Development Core Team, 

2016). 

https://www.revuenatec.dz/Proceedings/ICAPC'5
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3. Results and Discussion 

To describe the structure and distribution of the 

macroinvertebrates studied in the hydrographic network 

of Wadi El-Harrach, we carried out a Factorial 

Correspondences Analysis. This FCA was carried out 

on a basic data matrix (17 stations × 7 faunistic groups). 

The axes of the FCA account for 58.73% of total inertia 

(38.78% for axis 1 and 19.95% for axis 2).  

This projection (Figure2) shows that: Only the axis 

1 will be taken into consideration in the interpretation 

because it explains the maximum of the information. 

 

 
 

Figure 2: Projection of taxa and stations on the FCA plane 

 (lo = lotic facies, le = lentic facies). 

In the positive part of axis 1 we notice the formation 

of: 

• Group 1: He's regrouping upstream stations only in 

the lotic facies (H1lo, H2lo, H3lo) and which are far 

from of pollution, where we find the group best known 

for its polluo-sensitivity, Peloptera (Capnidae, Perlidae, 

Leuctridae, Taeniopterygidae) which live in running 

water, where temperatures are low and oxygenation is 

high. Plecoptera are infrequent and scarce, all species 

are confined to the upper parts at high altitudes 

(Lounaci, 2011). Plant debris, the source of food for 

larvae (Berthelmy, 1973), explains their presence at 

aquatic and riparian vegetation stations at our study site 

(H4lot, H3lot). 

• Group 2: it assembles the stations of the upstream 

and the middle section, only the lentic facies (H6le, 

H7le, H9le, D1le, D3le). In the lentic facies of these 

stations we find groups that live in water at low speed 

and rich in organic matter, nutrients and characterized 

by very dense vegetation which explains the presence of 

Hemiptera (Gerridae, Corixidae), Odonata (Aeshnidae, 

Coenagrionidae, Gomphidae), Coleoptera (Gyrinidae). 

Hemiptera are found in various types of stagnant water, 

and the lentic facies of running water (Dethier, 1986).  

 Most of the Odonata families are mostly present in 

the lentic facies at the level of the vegetation or on the 

surface of the sediments (Tachet et al., 2010). Among 

the larvae of the Coleoptera, the Gyrinidae family is 

most dominant in the H7 and D1 stations (lentic facies), 

their larvae colonize slow-flowing media in the 

presence of vegetation and coarse substrate (Mary, 

2000). 

• Group 3: We encounter groups that have a broad 

ecological valency, Ephemeroptera (Baetidae, 

Caenidae, Heptageniidae) and Trichoptera 

(Hydropsychidae, Philopotamidae) which are more or 

less pollu-resistant. This explains their presence in the 

upstream and middle parts in both facies of wadi, much 

more in the lotic facies (H1le, H2le, H3le, H4lo, H5lo, 

H6lo, H7lo, H8, H9lo, H10le, H11o, D1lo, D2le, D3lo, 

D4lo) whose current velocity is somewhat sharp. 

Ephemeroptera are present in almost all stations of the 

upstream and middle of wadi, and in both facies, they 

have a broad ecological valency, especially the Baetis 

genus, which can live in extreme conditions 

(LOUNACI, 2011). Both Trichoptera and 

Ephemeroptera occur almost everywhere in the 

upstream and middle fast flow sections (H1, H2, H3, 

H4, H7, D1, D2). Hydropsyche is the most frequent and 

most abundant in the rivers of Algeria (Lounaci, 2005). 

 In the negative part of axis 1 we notice: 

• Group: Consisting of Diptera (Chironomidae, 

Simulidae, Culcidae) which tolerate high levels of 

pollution (pollu-resistant) and which adapt to different 

types of biotopes. This justifies their presence in the 

two facies of the downstream stations (H10lo, H12lo, 

H11le) which receive the domestic and industrial waste. 

The presence of Diptera in lotic media is explained by 

the fact that the Simuliidae family, which possessed 

suckers at the posterior part, allow them to attach to the 

substrate to stop their drift (Tachet et al., 2010). We 
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also note that the family of Chironomidae lives virtually 

in all aquatic habitats (RAUNIO, 2008). 

 

4. Conclusion 

 

The study of macroinvertebrate structure and 

distribution revealed that macroinvertebrates are 

distributed much more in lotic facies than in lentic 

facies. The lotic facies are home to the Diptera, 

Ephemeroptera, Trichoptera and Pecoptera. These 

groups prefer cool temperatures and fast currents in the 

presence of coarse substrate. On the other hand, in the 

lentic facies, the Heteroptera, Odonata and Coleoptera 

tolerate high temperatures, low speeds and depths, and 

dense aquatic and riparian vegetation. 

The presence of domestic and industrial anthropic 

pressure in the downstream part of the wadi causes a 

new structure of the macroinvertebrate distribution. The 

upstream part that is far from pollution except some 

agricultural practices shelters a fauna sensitive to the 

pollution, represented by the Pleoptera and the taxon 

with wide ecological valency (Ephemeroptera, 

Trichoptera and Hemiptera). The part of the average 

section with less anthropogenic pressure, represented by 

domestic and agricultural pollution, favors the 

installation of a rich and well diversified fauna 

represented by the Ephemeroptera, Trichoptera, 

Hemiptera, Odonata, Coleoptera. Downstream is home 

to less rich fauna characterized by Diptera which are 

pollu-resistant taxa. 
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Abstract 

The fish is considered as a healthy food and it’s today an important source of nutritious foods and animal protein for much of the 

world's population. Over the past 50 years, the global supply of fish consumer has grown at a rate above global population growth. 

Several cases of massive fish mortality or a decrease in production in some dams have been reported. Fish are susceptible to a wide 

variety of pathogenic bacteria that can cause disease or malformation, some bacterial species can be either pathogenic to the host or 

cause a potential disease threat under favorable conditions, especially when various stress factors (temperature, salinity, rearing 

conditions, etc.) occur. The aim of this work is to characterize the diversity of Ichtyopatogens bacterial present in the water of lake 

ecosystems, taking the testimony of some fish individuals. For this study the dam of Guenitra (Skikda) was chosen. Sampling of water 

was carried out aseptically with some fish individuals, then cultured on specific and selective media. The incubation was done at 

different temperatures (22°C to 37°C), depending on the bacterial species sought. The isolated Ichtyopatogens bacterial strains were 

identified by the API galleries. Some of them are also identified by molecular identification using the PCR technique and sequencing 

of the 16S ARN gene. We tested also the resistance of bacteria to different antibiotics. The results showed the presence of some 

Ichtyopatogens species (Citrobacterfreundii, Salmonella spp, Pseudomonas aeruginosa, Providencia rettgeri, Yersinia enterocolitica, 

Aeromonashydrophila… etc.). This bacterial strain presented a considerable multi-resistance to antibiotics. So, it is important to 

closely monitor this biotope in order to allow for healthier growth and production of freshwater fish. 

Keywords: Ichtyopatogens bacteria; Dam; Fish; Biodiversity; Guenitra 

1. Introduction  

 

Fish constitutes important sources of food, nutrition, 

income and livelihoods for hundreds of millions of 

people around the world (FAO, 2016). 

As it is a healthy food, its nutritional intakes for 

human diet are recognized.  Fish contains lipids, fatty 

acids, proteins, amino acids, vitamins and minerals. It 

has to be noted that it brings a good amount of protein 

without adding too much fat. Even though fish fats are 

of good qualities and necessary to the human body 

(Belayachi and Belhadj Amar, 2014).  

In the last five decades, the growth of the global fish 

supply for human consumption has outpaced population 

growth, increasing at an average annual rate of 

3.2 percent from1961 to 2013. This rate is twice the rate 

of population growth (FAO, 2014; FAO, 2016; 

Belayachi and Belhadj Amar, 2014). 

However, the Algerian consumption of fresh fish 

and seafood is far below the global average (4.7 vs. 

19.4 kg.ha-1.yr-1) and remains below the World Health 

Organization's recommendations (6.2 kg.ha-1.yr-1), 

(Chiheb, 2006) 99.7% of the products come from the 

coastal and artisanal fisheries, the remaining 0.3% being 

derived from the freshwater fishery practiced in the dam 

(basically carp and barbel) (Kadri, 2008). This low 

production in continental waters may be due to several 

physical or chemical factors. The fish community that 

plays a role in the trophic network is sensitive to a wide 

variety of bacteria that can cause diseases or 

malformations. Many bacterial species are pathogenic 

to fish (Noga 1996; Austin and Austin, 1999; Woo and 

Bruno,1999). Some become pathogens when fish are 

physiologically unbalanced or in the presence of other 

stressors, such as poor water quality. 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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The aim of this work is to characterize the diversity 

of Ichtyopatogens bacteria in lake water ecosystems, 

taking the testimony of some fish individuals. For this 

study the dam of Guenitra (Skikda1, Algeria) was 

chosen. 

2. Methods  

 

2.1. Sampling site  

 

The dam of Guenitra was built in 1984 on the Oued 

Fessa river in Oum Toub commune (Ben Rabah, 2006), 

50 km south-west from Skikda. It belongs to the sub-

humid bioclimatic stage in mild winter. 

It receives water from seven tributaries (rivers of 

Cherfa, Kebir Ouest, Magrammane, Sedjane, Fessa, 

Bouet Boulekhrachef) (Tandjir et Djebar, 2008). Its 

initial capacity is estimated at 120 Mm3 (Touati, 2010). 

The dam provides drinking water and supplies 

industries besides agricultural and aquacultural 

activities (Tandjir et al., 2004; Tandjir and Djebar, 

2008; Mecibah, 2008). 

 

2.2. Physicochemical analysis  

 

To get an idea of the water quality, the physico-

chemical parameters (temperature, pH, salinity, 

conductivity, Oxygen concentration) of the water were 

analyzed in situ, using a multi-parameter device. 

Moreover, 1.5 L were transported at the laboratory for 

complementary analysis. 

2.3. Sampling collection 

 

Water withdrawals of Guenitra dam were performed 

in sterile glass vials in a depth of 10 to 15 cm. 

Ichtyofauna were fished using fishing nets with 

different meshes then transported aseptically to the 

laboratory where fish were dissected to remove internal 

organs and gills. 

2.4. Numeration of the bacterial flora  

 

Different solid culture media for bacterial 

numeration were prepared allowing us to count the total 

flora, fecal coliforms and fecal Enterococci.  

 
1 Province 

One milliliter of the dam sample was suspended in 

9ml of saline water (0.9% NaCl) and serial dilutions of 

the sample going from 10−3 to 10-5 were realized. For 

each dilution, 0.1 mL was spread onto the agar surface 

of each media and the incubation was carried out at 

37°C and 44°C for 24 to 48 hours. 

2.5. Isolation of ichtyopathogenic bacteria 

 

As several bacterial groups were targeted, numerous 

specific and selective media which enable the growth of 

ichtyophatogenic bacteria were used for the isolation 

process. One milliliter of the dam water sample was 

inoculated on the agar surface of each specific media 

which were incubated at 22°C to 37°C for 24 to 48 

hours, depending on the aimed bacteria. 

2.6. Bacteria identification 

 

In order to identify the obtained bacterial strains, 

macroscopic and microscopic observations, Gram 

staining and physiological tests were performed. 

Moreover, the biochemical identification was carried 

out by API galleries (Biomérieux) and the taxonomic 

status of some of the strains was confirmed by 

16S rRNA gene sequencing.  

2.7. Determination of antibiotic resistance 

 

The bacterial strains were tested for their resistance 

against twenty antibiotics (Cloxacillin, Oxacillin, 

Ampicillin, Amoxicillin, Ticarcillin, Céfaclor, 

Cephalotin, Cefotaxim, Cefpirom, Ceftazidim, 

Ceftriaxon, Neomycin, Streptomycin, Tobramycin, 

Kanamycin, Spiramycin, Oxytétracyclin, Rifampicin 

and Novobiocin) by the disk diffusion method on 

Mueller Hinton agar plates. 

3. Results and discussion  

 

3.1. Physicochemical analysis  

 

The physicochemical analysis of Guenitra dam 

water revealed that it has a passable quality for which 

urban discharges represent the main source of pollution. 
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3.2. Counts of bacterial flora 

Counts of bacteria consist in looking for aerobic 

germs, which develop in the presence of oxygen. The 

enumeration results are presented in the table below: 

 

Table 1 

Counted bacteria in the different seasons  

 Spring Summer Autumn Winter 

The total 

flora 
750×102 510×102 980×102 1500×102 

Total 

coliforms 
0 5×102 26×102 68×102 

Fecal 

coliforms 
0 0 17×102 43×102 

Fecal 

Enterococci 
39×102 9×102 14×102 49×102 

 

Dam water is considered as an anthropized 

environment as it receives many domestic, industrial 

and agricultural effluents (Bouamrane, 2008). 

The total flora includes all facultative aerobic 

microorganisms that appear as colonies of differentiated 

sizes and shapes (Jean-Noël, 2008). 

According to the table (1) the bacterial load presents 

significant fluctuations especially for the total flora 

during winter. 

All of the bacteria are found during the 4 seasons 

with high concentrations: up to 1500 CFU/100 mL in 

winter followed by 980 CFU/100 mL in autumn. It is 

noted that the water in the summer season is the less 

concentrated for total germs. 

The total coliforms can be indirectly associated with 

fecal pollution (Hamed et al., 2012), our dam water 

contain global low concentrations of these germs in 

(null in spring) but their number reach 68 CFU/100 mL 

in summer. 

Fecal coliforms are indicators of fecal contamination 

(Hamed et al., 2012). In the waters of the dam, we note 

a significant presence of this recent fecal flora as we 

count 43 CFU/100 mL in winter, exceeding the 

standards (30×10-2 CFU / mL). However, in spring and 

summer it does not occur. 

Fecal enterococci occur at levels of 49 CFU/100 mL 

and at 9 CFU/100 mL in winter and summer, 

respectively. 

From a general point of view, the microbial load is 

greater in winter, due to the effect of precipitation, 

which increases the flow of the river that feeds the dam, 

pick up new microbial loads during their journey. 

Furthermore, the leaching of soil through runoff may 

still be a main reason for the mobilization of biomass 

soil that also contains animals’ fecal matter. 

It also has to be noted that the observed decrease in 

bacterial load in the summer season can be attributed to 

the increase of the water temperature, affecting the 

growth of the microorganisms and causes a reduction of 

the concentration of germs in the water. A progressive 

increase in the concentration of germs is observed 

during the winter period. 

The same variations in bacterial load were also 

observed by Hamed et al., 2012, in the waters of the 

dam DJORF-TORBA (Bechar), and Ouhmidou and 

Chahlaoui, 2015, in the waters of the Hassan Addakhil 

dam (Errachidia-Morocco). 

3.3. Isolation and identification of ichtyopathogenic 

bacteria 

Around two hundred to two hundred and fifty 

colonies were found in all seasons, one to five colonies 

were selected from each plate with respect to character 

of ichtyopathogenic bacteria sought. 

In table 2, only the strains of the summer season are 

presented. 

From the different isolation media of 

echtyopathogenic bacteria, the macroscopic and 

microscopic study revealed 37 Gram negative strains.  

Besides, the quasitotality of these strains is bacilli-

shaped. 

The study of biochemical characteristics 

distinguished two bacterial groups: 

• Fermentative bacteria: Catalase+/Oxydase+ as 

Aeromonas hydrophila. 

• Oxidative bacteria: Catalase+/Oxydase+ as Yersinia 

enterocolitica. 

We report the presence of ichthyopathogenic 

bacteria in the waters of our dam such as: Yersinia 

enterocolitica which causes Yersiniosis (red mouth 

disease), Aeromonas hydrophila begets a haemorrhagic 

septicaemia (Austin and Austin, 2007) and 

Photobacterium damselae which have an intracellular 

phase that may be a mechanism to delay or avoid 

phagocytosis and host immune responses, favoring the 

spread of infection (Lopez-Doriga, 2000). 
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Table 2 

Strains isolated from Guenitra dal and their characterization 

 Strains codes Macroscopie Microscopie Cat Oxy Identification 

Water 

(6 strains) 

GB1, GT5, GY2 Brown and shiny colony. Bacillus, Gram - + + Providencia rettgeri 

GB3 
White, round and smooth 

colony. 

Gram Negative stain 

sticks. 
+ - Yersinia enterocolitica 

GT4 
Young, round and shiny 

colony. 

Coccibacillus, Gram 

negative staining. 
+ - Burkholderia cepacia 

GM2 
Brown, large and bright 

colony. 
Gram negative + + Citrobacter freundii 

Water and 

Fishes 

GB2, GA2, GP4C1 
Brown, round and shiny 

colony. 

Coccobacillus, Gram 

negative 
+ - Pasteurella pneumotropica 

GA1, GP4R Colonie brune et grande. Bacillus, Gram negative + - Stenotrophomonas maltophilia 

GT1, GT3, GP3M 

GP4C2, GP3A1, GP3Y2 

Salmon colony, big and 

flat. 
Bacillus, Gram negative + + 

Pseudomonas aeruginosa 

Pseudomonas fluorescens 

Pseudomonas putida 

GT2, GP3P3 
Young, round and shiny 

colony. 
Bacillus, Gram negative + + Aeromonas hydrophila 

GY1 (GP1A, GP1C2, GP2T1, 

GP3A3, GP5A1, GP5A3, P6A) 

(GP1C3, GP3P1) 

GP5P 

Round colony of medium 

size. 
Bacillus, Gram negative + - 

Serratia liquefaciens 

Serratia ficaria 

Serratia marcescens 

Serratia plymuthica 

Fishes 

GP1Y, GP6M Invasive brown colony 
Coccobacillus, Gram 

negative 
+ + Photobacterium damselae 

GP2A2, GP3A3 Yellow colony, mucous. Bacillus, Gram negative + - Pantoea spp 

GP3A4, GP3Y1 Brown and rund colony. Bacillus, Gram negative + - Klebsiella pneumoniae ssp ozaenae 

GP3P4 
Diffuse colony, tablecloth 

aspect. 

Bacillus, Gram negative 
+ - Proteus mirabilis 

Totale 37  13+ 5+ 8- 13 genres/ 18 espèces 

      

Determination of antibiotic resistance 

 

An antibiogram was carried out for the 37 isolated 

strains against 20 molecules representing different 

antibiotic families. The resistance frequencies are 

shown in table 3. 

The antibiogram of the 37 bacterial strains of the 

Guenitra dam showed considerable resistance to the 

tested antibiotics, especially for β-lactams, as shown in 

the histogram above. Indeed, Cefpirom and Ceftazidim 

have the highest resistance frequencies (35/37 strains) 

followed by Cloxacillin and Ampicillin (31/37 strains). 

As well, 29 and 28 strains were resistant to Amoxicillin, 

Oxacillin, Ticarcillin and Cephalotin, whereas 1 to 6 

strains were resistant to Neomycin, Ceftriaxon, 

Tobramycin and Kanamycin. However, no resistance 

was found against Streptomycin. 

High antibiotic resistance rates were noted in our 

study, particularly for β-lactam antibiotics and exceed 

those observed in clinical settings. It has been shown 

that environmental microbes (non-pathogenic or 

opportunistic pathogens) are often more antibiotic 

resistant than pathogens; therefore, their role as 

providers of resistance genes is under consideration 

(Witte, 2000; Kümmerer, 2004).  
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Table 3 

Antibiotic resistance frequencies. 

Antibiotic Code 
Number of resistant 

isolates / 37 isolates 

Béta-Lactamins 

Pénicillins 

Cloxacillin CX (1 μg) 31 

Oxacilline OX (5 μg) 28 

Ampicillin AMP (10μg) 31 

Amoxicillin AX (25 μg) 29 

Ticarcillin TI (75 μg) 28 

Céphalosporins 

Céfaclor CJ (30 μg) 32 

Cephalotin CEP (30 μg) 28 

Cefotaxim CTX 18 

Cefpirom CFP (30 μg) 35 

Ceftazidim CAZ (30 μg) 35 

Ceftriaxon CTR (30 μg) 6 

Aminosids 

Neomycin N (30 μg) 2 

Streptomycin S (25 μg) 0 

Tobramycin TOB (30 μg) 1 

Kanamycin K (30 μg) 2 

Macrolids Spiramycin SR (100 μg) 12 

Tétracyclins Oxytétracyclin O (30 μg) 12 

Rifamycins Rifampicin RIF (5 μg) 10 

Streptogramins Virginamycin VI (15 μg) 12 

Novobiocine Novobiocin NV (30 μg) 13 

 

Our results are in agreement with previous studies 

that have reported high rates of resistance to β-lactam 

antibiotics in aquatic environments. Indeed, Alouache et 

al. (2012) reported resistance rates varying from 26.4% 

to 97% whereas Djouadi (2016) pointed out 86.4% and 

84.5% for Oxacilline and Penicilline, respectively. 

This remarkable resistance to β-lactam antibiotics 

can be explained by the fact that these molecules are 

widely prescribed as they possess a broad spectrum. 

Their overuse has certainly led to the selection of 

resistant bacteria that have spread in our ecosystems. 

An increasing number of bacteria are described as 

resistant to beta-lactams, mainly by the production of 

beta-lactamatase, an enzyme often encoded by 

transferable genetic elements (Riccio et al., 2000; 

Thomson and Smith, 2000). Thus, resistance to 

antibiotics is not only transmitted vertically during 

multiplication from a bacterium to its descendent but 

can also be acquired by horizontal gene transfers among 

phylogenetically distant bacteria. 

 

4. Conclusion 

 

This study proves that water and fishes of Guenitra 

dam shelter ichtyopathogenic bacterial communities 

presenting an important rate of resistance to antibiotics. 

Hence, there is a certain need to control this habitat in 

order to allow growth and healthy flow of dam fishes. 
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Abstract 

Spiders are considered as one of the most important invertebrates in agroecosystems. They are predators of crops harmful insects, 

but their use in biological control requires a thorough study of their environment. To carry out this study, we chose one plot at the 

Mitidja’s plain, using a pit fall trap. This parcel consists of oilseed rape. Our research also looks at the activity, travel and migration of 

spiders. For that reason, we defined levels, put pitfall Barber traps from the edge of field to the middle. In total, 1069 adults were 

collected, they belong to 18 families 49 genera and 73 species. This study shows a high diversity at the edges of crops with fairly 

stable spider communities. This may be related to the diversity of flora that offers different microhabitats and ecological niches for 

different spider species. The edges of crops are quite favorable environment unlike to their center where they conduct to the 

development of some adapted species only.  The selection of these areas is based not only on the microclimate and stability but also 

the richness in prey. Mechanical damage, the denudation of the soil, and all human disturbances often cause the reduction on 

biodiversity. 

Keywords: Spiders; Biodiversity; Composition; Crop; Oilseed rape. 

1. Introduction 

 

The study of the ecology and biodiversity of 

Spiders is of major interest in science. These Spiders 

are considered a group of high importance invertebrates 

in agro ecosystems because of their abundance (Morris, 

1997; Morris et al., 1999; Nyffeler, 2000a,b; Pantaleoni 

et al., 2001; Sacchetti, 1990), many studies have shown 

that this order is an excellent biological control for the 

detection and evaluation of environmental problems 

(Kherbouche-Abrous et al., 2008), they are predators of 

harmful crop insects. To study the possibilities of 

spiders for biological control requires first a good 

knowledge of the ecology and population dynamics of 

the species (Alderweireldt, 1993; Nyffeler & Benz, 

1987; Marc & Canard, 1997; Hagen et al., 1999; Marc 

et al., 1999). Our work is to study the Spider richness 

and composition in an agro ecosystem of Mitidja’s 

planes. 

 

Study of biotope 

We chose a large plot of "oilseed rape: Brassica 

napus", named (OR), in the experimental station of the 

Technical Institute of Great Crops (TIGC) located in 

Oued Smar at El-Harrach, Algiers, (Figure1) where we 

could define levels from the edge (L0, L1) to the center 

(L2, L3, L4)  of culture. 
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Figure 1: Localization of the agroecosystem of oilseed rape (OR) at the Technical Institute of Great Crops (TIGC) of Oued Smar (study area) in 

northern Algeria (source Uma). 

 

2. Material and Methods 

 

The biological material was captured with Barber 

trap (Figure2). 

 

 

 

 

 
Figure 2: Making pitfall traps. 
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3. Results and discussion 

 

3.1. Analytical study of biological material 

collected 

The results of study show that the Order of the 

Mites is the most dominant followed by the Spiders and 

Opiliones and finally the order of Pseudoscorpions 

(Table 1).  

Table 1 

Rate of different Orders of Arachnids. 

Sites 

Orders 

OR

L0 

OR

L1 

OR

L2 

OR

L3 

OR

L4 
Total 

Rate 

(%) 

Opilions 39 74 71 841 124 1149 25.84 

Mites 224 315 370 306 570 1785 40.14 

Pseudo-

scorpions 

3 4 0 4 21 32 0.72 

Spiders 263 270 296 278 374 1481 33.30 

 Total 529 663 737 1429 1089 4447 100,00 

 

A total of 1481 individuals were collected: 782 

males (53%), 287 females (19%) and 412 juveniles 

(28%) (Figure 3). Three families are mainly 

represented: Linyphiidae, Gnaphosidae and Lycosidae. 

Only mature individuals (1069 adults) were taken into 

consideration for specific richness. These spiders 

belong to 18 families, 49 genera and 73 species.  
 

 
 

 

Figure 3:  Abundance of spiders (male, female and juvenile) in oilseed 

rape field. 
Study of diversity 

Species diversity calculated with Shannon-Weaver 

(H') and evenness (E) varied between 2.72 and 

2.93 bits/ind, respectively for ORL4 (center) et ORL0 

(edge). The diversity gradually decreases with 

increasing distance from the edge to the center field. 

The evenness value is higher due to the high abundance 

of some particular species (Figure4). 

 

 
 

Figure 4: Study of diversity by Shannon-Weaver index (H ') and 

Evenness (E) in rape field. 

 

4. Conclusion 

 

The study of biodiversity and the ecology of 

Araneae reveal that these species would move in sites 

where preys are more frequent. Mechanical damage, the 

denudation of the ground, and all human disturbances 

often cause reducing their need for food and hence the 

reduction in biodiversity. However, populations are 

annually Spiders can recolonize very rapidly fields and 

breed. 
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ABSTRACT 

 

The objective of this present study is to inventory the species belonging to the family of Brachionidae and their repartitions through six lakes of 

dams in Algeria. The latter belongs all to the subhumid bioclimatic floor to warm winter. For this purpose, we carried out 4 seasonal samplings during 

the year 2014-2015. The results obtained have a total of 10 species: 7 of the genus Keratella, 2 of the genus Brachionus and one species of the genus 

Notholca. The three species K. Quadrata, K. Tropica and K. Cochlearis have a wide repartition. They are present in 5 dam lakes. Whereas B. angularis, 

B. leydigii and K. lenzi are found only in one dam. From an abundance point of view, the species K. Cochlearis. var hispida comes in first position with 

44.18% of the total number of individuals followed by the species K. Tropica with 36.10%. The most diversified dams are those of Zardezas and Beni 

Amrane. They host 7 and 6 species respectively. contrary the Zit Emba dam, that harbors only one species. The study of the Physico-chemical quality 

of these dam water shows a quality that varies from one season to another, from one medium to another and from one parameter to another. 

Key words: Keratella; Notholca; Limnic system; Freshwater.  

1. Introduction: 

Rotifera is important group of fish-food organisms 

and an integral component of aquatic food-webs, in 

particular (Sharma and Sharma, 2015). He is a Phylum 

of primary freshwater Metazoa containing two major 

groups: the heterogonic Monogononta and the 

exclusively parthenogenetic Bdelloidea (Segers, 2008). 

Rotifers play a pivotal role in many freshwater 

ecosystems. They are ubiquitous, occurring in almost all 

types of freshwater habitat, from large permanent lakes 

to small temporary puddles, and interstitial and 

capillary water; from acidic mining lakes to natron 

lakes and the open ocean, from hyperoligotropic Alpine 

lakes to sewage ponds. They commonly occur in 

densities up to 1 000 individuals per liter, and are 

important filter-feeders on algae and bacteria. Their 

ubiquity and abundance explain their standing as one of 

the three main groups of freshwater zooplankton in 

limnological studies, together with the ‘Cladocera’ 

(Anomopoda) and Copepoda, and as organisms used in 

mass aquaculture (Segers, 2008). They are permanently 

and obligatorily connected to aquatic habitats in all 

active stages, only their resting stages are drought-

resistant. Rotifers are the most important live food 

organisms for use as starter food for rearing small fish 

larvae (Watanabe et al., 1983). 

Algeria by its large superficy has a high level of 

biodiversity which unfortunately remained little known 

nationally and globally. For this purpose, we will try to 

bring to readers' knowledge a small part of this 

biological diversity of the rotifer’s fauna of 

Brachionidae family. For Ayoagui and Bonecker 

(2004), this family is usually represented by a large 

number of species belonging to the genus Brachionus 

and Keratella. 

 

2. Material and Methods 

 

2.1. Study area 

The six dams in our study are located in the 

Northeast of Algeria. The dams of Guenitra (G), 

Zardezas (Zr) and Zit Emba (Zb) are located in the 

wilaya of Skikda and the dams of Hamiz (Hz), Keddara 

(Kd) and Beni Amrane (Ba) in the wilaya of 

Boumerdes1 (Figure 1). The geographic coordinates and 

the water courses supplying these dams are summarized 

in the table. I   

 
1 Province 
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Figure 1: Locations of the study sites in Algeria 

 

Table I 

The geographical coordinates and the watercourses feeding the sites studied 

Barrage Geographical coordinates watercourses 

Guenitra Altitude: 173 m,  

Latitude: 36°42'48''N  

Longitude: 06°38'04''E 

Wadi Fessa 

Zardezas Altitude: 190 m, 

Latitude: 36°35'18''N 

Longitude: 06°54'00''E 

Wadi Saf 

Zit Emba Altitude: 217 m, 

Latitude: 36°40'51''N 

Longitude: 07°18'27''E 

Wadi Hamman 

Hamiz Altitude: 167 m, 

Latitude: 36°36'03''N 

Longitude: 03°21'07''E 

Wadi El Had,  
Wadi Hamiz  

Wadi Djemaa  

Keddara Altitude: 149 m, 

Latitude: 36°39'01''N 

Longitude: 03°25'01''E 

Wadi Keddara,  

Wadi El Had 

Wadi Isser 

Beni Amrane Altitude: 78 m, 

Latitude: 36°40'11''N 

Longitude: 03°36'30''E 

Wadi Isser 

   

2.2. Sampling and Methodology 

Plankton samples were collected seasonally 

between spring 2014 and winter 2015, using a 50 micro 

meters mesh net. Samples were fixed in 5% formalin 

solution. Rotifers were identified using conventional 

light microscopy and appropriate identification keys 

(Pourriot and Francez, 1986; Koste and Shiel, 1987; 

Shiel, 1995). We used a bottle with a capacity of 1.5 

liter. Five physico-chemical variables were measured in 

situ (temperature, pH, conductivity, salinity and 

dissolved oxygen by a multiparameter analyser of the 

type WTW 340i). 
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3. Results 
 

3.1. Abiotic variables 

 

The results of physical and chemical parameters 

measured in localities of study, as follows: Temperature 

from 19.5 to 21.1°C, dissolved oxygen from 6.8 to 

8.3 mg.L-1, pH from 7.8 to 8.4, conductivity from 686.3 

to 1289.7 µs.cm-1, Salinity from 0 to 0.4 psu. (Table II).  

 

 

Table II 
Physico-chemical characteristics of the sites studied 

Variable:  Beni Amrane Guenitra Hamiz Keddara Zit Emba Zardezas 

Water temperature (°C)  
Mean 19.5 20.0 19.9 20.2 19.5 21.1 

Sd 7.4 6.2 6.3 6.9 4.7 6.1 

Dissolved oxygen (mg.L-1)  
Mean 6.8 7.8 8.3 8.2 7.5 7.5 

Sd 1.2 2.1 1.6 1.3 2.2 2.5 

pH 
Mean 8.0 8.1 8.3 8.4 7.8 7.9 

Sd 0.6 0.4 0.4 0.3 0.4 0.3 

Electrical  
conductivity (μs.cm-1)  

Mean 1 289.7 539.3 819.3 980.3 686.3 710.3 

Sd 393.7 72.0 72.1 78.9 59.2 66.7 

Salinity (psu)  
Mean 0.4 0.0 0.2 0.3 0.1 0.1 

Sd 0.2 0.0 0.1 0.1 0.1 0.1 

 

3.2. Biotic variables 
 

The results obtained have a total of 10 species: 7 of 

the genus Keratella, 2 of the genus Brachionus and one 

species of the genus Notholca. From an abundance 

point of view, the species K. Cochlearis. var hispida 

comes in first position with 44.18% of the total number 

of individuals followed by the species K. Tropica with 

36.10% (Tab. III). The list of Brachionidae family 

includes the names of species, synonyms according to 

Segers (2007), geographical distribution (with the 

following abbreviations: AFR for Afrotropical region, 

ANT for Antarctic region, AUS for Australian region, 

NEA for Nearctic region, NEO for Neotropical region, 

ORI for Oriental region, PAC for Pacific region, and 

PAL for Palearctic region). 

 
Table 3 
Brachionidae family species dominance  

species Dominance% 

Brachionus angularis Gosse. 1851: 0.48 

Brachionus leydigii Cohn. 1862 4.28 

Keratella Cochlearis (Gosse. 1851) 4.20 

Keratella Cochlearis. var hispida (Lauterborn. 
1900) 

44.18 

K. tecta sp. 0.81 

Keratella tecta (Gosse. 1851) 7.67 

Keratella Quadrata Quadrata O.F. Muller. 1786 1.86 

Keratella tropica (Apstein. 1907) 36.11 

Keratella lenzi Hauer. 1953 0.08 

Notholca squamula (Müller. 1786) 0.32 

List of Brachionidae family species in six Algerian 

dams: 

Class: Monogononta Plate, 1889 

Ordre: Ploimida Hudson et Gosse, 1886 

Famille: Brachionidae Ehrenberg, 1838 

 

• Brachionus angularis angularis Gosse, 1851:  

Syn: Brachionus daitojimensis Sudzuki, 1992 

Syn: Brachionus donghuensis Sudzuki and Huang, 1997 

Syn: Brachionus lyratus yonaguniensis Sudzuki, 1992 

Syn: Brachionus minimus Bartsch, 1877 

Syn: Brachionus morondavaensis Sudzuki, 1998 

Syn: Brachionus papuanus Daday, 1897 

Syn: Brachionus pseudokeikoa Sudzuki, 1992 

Syn: Brachionus pyriformis Sudzuki and Huang, 1997 

Syn: Brachionus syennensis Schmarda, 1859 

Syn: Brachionus testudo Herberg, 1853  

Brachionus quadridentatus Hermann, 1783 

Geographical distribution: AFR, AUS, NEA, NEO, 

ORI, PAL 

Loc. {Zr} 

• Brachionus leydigii leydigii Cohn, 1862  

Syn: Brachionus quadratus Rousselet, 1889 

Syn: Brachionus quadratus tridentatus Zernov, 1901 

Geographical distribution: AFR, AUS, ORI, PAL 

Loc. {Zr} 

• Keratella Cochlearis Cochlearis (Gosse, 1851) 
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Syn: Anuraea Cochlearis recurvispina Jägerskiöld, 

1894 

Syn: Anuraea stipitata Ehrenberg, 1838 

Geographical distribution: AFR, ANT, AUS, NEA, 

NEO, ORI, PAL 

Loc. {Ba, G, Hz, Kd, Zb} 

• Keratella Cochlearis. var hispida (Lauterborn, 

1900) 

Syn: Keratella Cochlearis (Gosse, 1851) 

Syn: Anuraea Cochlearis Gosse, 1851 

Syn: Keratella Cochlearis Cochlearis (Gosse, 1851) 

Geographical distribution: AFR, ANT, AUS, NEA, 

NEO, ORI, PAL. 

Loc. {Ba, G, Hz, Kd} 

• Keratella tecta (Gosse, 1851) 

Geographical distribution: AFR, AUS, NEA, NEO, 

ORI, PAL 

Loc. {Ba, G, Kd} 

• Keratella tecta sp. 

Loc. {Hz, Zr} 

• Keratella Quadrata Quadrata O.F. Muller, 1786 

Syn: Anuraea aculeata Ehrenberg, 1832 

Syn: Keratella Quadrata neali Berzins, 1961 

Syn: Keratella Quadrata valgoides Edmonson and 

Hutchinson, 1934 

Geographical distribution: AFR, AUS, NEA, NEO, 

ORI, PAL. 

Loc. {Ba, G, Hz, Kd, Zr} 

• Keratella tropica (Apstein, 1907) 

Syn: Anuraea tropica Apstein, 1907 

Syn: Keratella Quadrata valga asymmetrica Ueno, 

1938 

Syn: Anuraea valga var. tropica Apstein, 1907 

Geographical distribution: AFR, AUS, NEA, NEO, 

ORI, PAL 

Loc. {Ba, G, Hz, Kd, Zr} 

• Keratella lenzi Hauer, 1953 

Geographical distribution: AFR, NEA, NEO, ORI 

Loc. {Zr}  

 

• Notholca squamula (Müller, 1786) 

Syn: Brachionus squamula Müller, 1786 

Syn: Notholca lapponica Ruttner Kolisko, 1966 

Syn: Notholca striata striata frigida Rylov, 1922 

Geographical distribution: AFR, ANT, AUS, NEA, 

NEO, ORI, PAL 

Loc. {Ba, Zr}.  

4. Discussion 

 

Water temperature affirmed sub-tropical nature of 

the sampled ecosystems concurrent with their 

geographical location (Sharma and Sharma, 2015). 

According to the results obtained and for SEQ-EAU2 

2014, the quality dam water is bad for the keddara dam 

in summer and very good in winter for all the dams. 

Rotifers have a wide range of tolerance for extreme 

temperatures (Ahlstrom, 1933). The preferred 

temperature for the same rotifer species is different 

from one region to another. For example, K. Tropica is 

found in Spain with an interval between 18.5 and 

24.5°C (De Manuel 2000) While in Australy between 8 

and 35°C (Koste and Shiel, 1987a). The oxygen water 

quality of our study environments is between average, 

good to very good. This is considered as a condition of 

a favorable environment for the development of rotifer 

fauna, as some species tolerate low oxygen 

concentration less than 3 mg/L (Chang and Hanazato, 

2004). DO affects the abundance of zooplankton 

(Sulehria and Malik, 2012). The pH values were 

slightly alkaline. It depends to the geological nature of 

Thailand’s crossed by the water, as well as external 

inputs (Parrinet et al., 2000). These values exceed 

slightly the preferred upper limit for these metazoans; 

because, Rotifer communities prefer pH between 6.5 

and 8.5 (Neschuk et al. 2009), but there are exceptions 

like K. Cochlearis Cochlearis that prefers a pH between 

4.2 and 8.8. This species has been found in the dam of 

hamiz with a pH that is equal to 8.74. Based on the pH, 

the water in their lakes is of very good quality 

according to the SEQ-EAU (2014). In general, the 

range of the electric conductivity of naturel freshwater 

lakes is of 0.1 to 0.5 ms/cm à 25 (Schultze, 2013). 

Which explains the strong mineralisation of the three 

dams: Beni Amrane, Keddara and Hamiz. Though, a 

moderate electrical conductivity (about 40 μS.cm-1) can 

favor the growth and even the dominance of rotifers 

(Toledo et al. 2003; Hulyal and Kaliwal 2007). 

The three species K. Quadrata Quadrata, K. 

Tropica and K. Cochlearis Cochlearis have a wide 

 
2 [In French] « Le Système d'Évaluation de la Qualité de l'eau » 

https://www.revuenatec.dz/Proceedings/ICAPC'5
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repartition. They are present in 5 dam lakes, because for 

De Manuel (2000) et (Koste and Shiel, 1987a) they are 

cosmopolite species. 

From an abundance point of view, the species K. 

Cochlearis. var hispida comes in first position with 

44.18% of the total number of individuals followed by 

the species K. Tropica with 36.10%. According to 

Ahlstrom (1943), the first species is cosmopolite. it is 

probably the most frequent rotifer through the world. It 

feeds on algae and bacteria (De Beauchamp, 1965; 

Boon and Shiel, 1990; Pourriot and Meybeck, 1995) Its 

presence is linked to pollution (Braioni and Gelmini, 

1983; Koste and Shiel, 1987b). But this link seems to 

depend of the mineralisation of the environment 

(Margalef et al., 1976). This species has been reported 

for the first time in the dam of Keddara by Hamaidi-

Chergui et al. 2013. While for the second is very 

widespread in tropical freshwaters, extending into sub-

tropical areas in the summer (Green, 1980). It is the 

most abundant during the summer season. This same 

species had marked peaks in abundance in summer in 

Foum El Gherza dam in Algeria (Doukhandji and Arab, 

2017) 

Koste and Shiel (1987b), consider N. squamula as 

special in its gender, it is not found only in the water 

above 15°C. In our study it is present during the winter 

season. Its presence in the two dams Beni Amrane and 

Zardezas can be linked to its favorite food of Diatoms 

(Braioni and Gelmini, 1983). 

We have found that most of the species present in 

Beni Amrane and Hamiz dams are also present in the 

Keddara dam because this lake receives an excessive 

water from those latter. 

 

5. Conclusion  

The knowledge of the rotifer species in Algeria is 

very limited. The present study allowed us to update the 

rotifers list of Brachionidae family and their distribution 

through 6 dams in Algeria. In order to acquire and 

enrich our knowledge of rotifer biocoenosis, it is 

necessary to make further sampling at other sites and to 

study all species of this fauna. 
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Abstract 

 

 The agrosystem is simplified in favor of one or a few crops; the medium is thus highly unbalanced. Naturally, plants and animals 

will recolonize it, so, it is in these groups that are classified as weeds and crop pissoir study consists in the evaluation the effects of the 

use of two active ingredients, chemical (Lambda-cyhalothrine) and biological (Spinosad)at the homologated dose and at the half-dose 

applied to the entomofaune associated with different crops at the level of private farms located in Mitidja. The comparative study of 

the two products shows that they have the capacity to control the pullulations of pests at the homologated dose. The spectrum of 

activity of Spinosad of Spinosad is limited compared to Lambda-cyhalothrine. Spinosad has an important toxicity on lepidoptera, 

diptera and Thysanoptera, while it is neutral on homoptera. As for the Lambda cyhalothine, it shows an efficacity on all species 

associated with citrus growing. The half-dose of two active ingredients demonstrates a regulatory efficacity on pests which is lower 

than that of the homologated dose. There is a rapid recovery of biotic activity following the increase in the population. 

 

Keywords: Lambda-cyhalothrine; Spinosad; Aphide, Toxicity; Homologated dose 

 

1. Introduction  

 

Pesticides, especially insecticides, can have a major 

impact on beneficial insects, including on pollinators 

and predatory insects that feed on other insects. 

At the national level, although a significant 

percentage as for biological control, its place is still 

very weak, of farmers already has some knowledge 

about the existence of auxiliary fauna as biological 

control is difficult to establish in most cases of pest 

attacks and because of delicate control techniques 

(GUETTALA, 2009). 

 

2. Materials and Methods 

 

The first study station of parcel of tomatoes is 

located at Benchabane, at 7 Km north of Boufarik1, 

spread out over 5 hectares of area. The second citrus 

station is located on the left side of the Oued El Alleug-

Guergour road, at 11 Km west of the town of Oued El 

Alleug in Blida. Which spans 10 hectares of area? 

 

 

 
1 In Blida province 

3. Presentation of the experimental dispositive 

 

Our experimentation took place on two different 

cultures (an orange orchard and a tomato crop with a 

150 tomatoes plant and 40 Thomson trees. 

The experimental dispositive is illustrated in figure 

1. Our observations made with a daily frequency for 

each unit, we selected four trees at random, and for each 

tree we collected four leaves: two leaves to the south 

and two leaves to the north of the fronds. These 

observations allow us to followed the abundance of 

aphids and ladybugs 

 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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Figure 1. Experimental stations of the study 
 

 

 
 

Figure 02: Evaluation of the effect of the chemical and biological 

treatments on the trophic groups of the orange 

 

 

Figure 03: Evaluation of the Effect of the Chemical and Biological 
Treatments on Trophic Groups of Tomato 

 
DL: dose Lambda-cyhalothrine, DDL: half-dose of Lambda-cyhalothrine, DT: dose of 

Spinosad, DDT: half-dose of Spinosad. 

4. Results and discussion 

 

We have tried in this study to shed light on the 

efficacity of a biological product (Spinosad) and a 

chemical product (Lambda-cyhalothrine) applied to 

their homologated dose and on half-doses. An 

ecotoxicological aspect is highlighted by a comparative 

study of the effect of these active ingredients on the 

different trophic groups as well as the responses of the 

different functional groups of the half dose of these 

active ingredients. 

Our results show that Lambda-cyhalothrine has a 

toxic effect on residual populations of aphids in 

homologated dose, and an effect that is moderately 

toxic for half-dose, in contrary of the Spinosad which 

showed a neutral effect in dose and half dose 

Bourgeois et al. (2007), show that an application of 

lambda-cyhalothrine can reduce the aphid population to 

a 95%, and an increase in soybean yield of 7.3%. It can 

be said that Lambda-cyhalothrin at homologated dose 

has a high efficacity for 16 days in the regularization of 

the aphid’s population. On the other hand, the Spinosad 

showed a neutral effect on this population. In contrast, 

the half-dose of Spinosad does not have a regulatory 

effect on this population.  

According to Rochefort et al (2006), Spinosad is 

very toxic on bees when exposed to direct spraying; the 

toxicity of two products on Bees is due to the mode of 

penetration. The two active ingredients act by contact 

and ingestion. It can be hypothesized that both products 

are toxic in homologated doses on bees. The half dose 

of lambda-cyhalothrine having also a toxic effect on 

this population. The toxicity gradient ranges from the 

dose of Lambda-cyhalothrine, followed by the dose of 

Spinosad, then the half dose of Lambda-cyhalothrin and 

https://www.revuenatec.dz/Proceedings/ICAPC'5
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finally the half-dose of Spinosad which has a weak 

effect.  

 

5. Conclusion 

 

In this study, we tried to understand the 

effectiveness the efficacity of two active ingredients, 

one based on a synthetic pyrethroid the Lambda-

cyhalothrine, the other biological Spinosad. The 

ecotoxicological aspect was demonstrated by the study 

of the impact of the homologated dose and the half dose 

of these active ingredients on the different functional 

groups of orange and tomato. 

Our results showed that the two active ingredients 

have the regulatory capacity of the populations of all 

phytophagous plants. The activity spectrum of Spinosad 

is narrow compared to that of Lambda-cyhalothrin. 

Spinosad has significant efficacy on Lepidoptera, 

Diptera, Thysanoptera, while it is neutral on Homoptera 

(Aphidae, Jassidae and Coccidae).  

The half-dose of both products shows a lower 

protective efficacy than the full dose. The pests quickly 

resumed their biotic activity. What is required is a 

combination or an alternation with other chemicals or 

other antagonists in the context of integrated pest 

management. 
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Abstract  

 

The present study aims to highlight the relationship between the micropollutants in the environment and the evolution of 

parameters related to the growth of a particular population of fish: Barbus Callensis as an ecotoxicity bioindicator. Our contribution 

focuses on the study of the hydro-system of the watershed of El-Harrach stream. This site is under heavy human pressure: four 

sampling stations were chosen mainly in relation to their proximity to urban areas. On each station, fish surveys were performed in 

parallel with a physicochemical analysis of the water. Treatment of the physicochemical data of the water reveals the existence of an 

upstream-downstream gradient degradation of water quality. All urban and agricultural discharges generally cause deterioration of 

parameters related to fish growth that seem particularly disturbed as a result of pollution. The measurements of size and weight of the 

fish present a good indication of female individuals in large classes and males in small classes. However, we noted changes resulting 

in a reduction of these parameters at the polluted stations. The study of the weight-length relationship shows that the growth of 

B. Callensis in both sexes is minorant allometry in other words the length of the object is growing faster than its weight. In addition, 

the condition factor for both sexes varies considerably between stations as a result of urban waste and Agricole.  

Keywords: Pollution; Bio-indicator; Growth; Barbus Callensis; El-Harrach stream. 

1. Introduction 

 

Our contribution focuses on the study of the hydro 

system watershed of Oued El-Harrach and this study is 

based on the fish of the Cyprinidae family to which the 

species Barbus Callensis belongs Valenciennes, 1842 

species endemic to the North African part of the African 

continent Almaça, 1976, 1990). In Algeria, despite its 

wide distribution of streams, this species synonymous 

of B. Callensis (Valenciennes, 1842; Daget Leveque, 

(1984), remains unclearly defined and the information 

concerning it is fragmentary. This species is currently 

attracting increasing curiosity of many researchers 

(Bacha & Amara, (2007); Aberkane & Iguer-Ouada, 

(2011); Ould Rouis et al., (2012) and Mimeche et al., 

(2013). Moreover, there is now considerable data on the 

phylogenetic relationships, reproductive traits and 

various ecological characteristics for this species 

(Berrebi et al., 1995; Kraiem, 1996, 1997 and Aberkane 

& Iguer Ouda, 2011). 

Four stations were chosen and have provided twelve 

series of samples (from April 2014 to March 2015). 

Monthly fisheries and using a gillnet yielded a total of 

580 individuals (during July and August the river was 

dry, and none were captured). The analysis of physico-

chemical parameters of the water at the stations was 

conducted during the same period as the fisheries.  

Depending on the pollution, a comparative study of 

parameters related to growth, focusing on the study the 

length-weight relationship and allometry as well as 

condition coefficient. 

 

2. Materials and Methods 

 

The watershed of El-Harrach stream is located south 

of Algiers in the central part of the Tell Atlas where it 

originates 60 km from Algiers, runs 51 km from north 

to south and 31 km from East to West, it reaches the sea 

after a course of 37.5 km. The total area of the basin is 

1270 km2. As Atlas Blidean is oriented from south to 

north, it is widely exposed to northwest winds 

originating from the Mediterranean. Four sampling sites 

were chosen (Figure 1); station I is located upstream of 

all discharge points of micropollutants, whilst station IV 

is located downstream of two villages. This latter site 

receives farmland, and domestic and urban wastes. 

Samples of barbels that we examined were collected 

monthly from March 2014 to April 2015. During the 

months of March 2014 to April 2015 we used different 

nets with varies diameter of stitches (20, 25 and 
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30 mm). The recovery of gonads was made by ventral 

incision of each individual according to the technique of 

Ameur et al., (2003) and Marcano et al., (2007). 

 
Fig 1: Hydrographic network of the study area. 

Various statistical analyzes were performed to 

assess and highlight the different relationships that may 

connect and exist between the variables and 

observations. 

 

3. Results and Discussion 

 

During our sampling carried out over 12 months 

(from April 2014 to March 2015), the 580 fish caught 

were the subject of a series of biological analyzes 

relating primarily to the study of some aspects of 

growth based on pollution.  

 

3.1. Study of size structure 

 

The size (cm) measurements of male and female 

individuals collected in the stations are shown below in 

figure 2.  

The measurements obtained show a good 

representation of female individuals in larger sizes and 

male individuals in small sizes. However, we noted 

change which resulted in a decrease in size of the 

individuals based on stations. Indeed, the mean size of 

females is 18 cm at station I against 14.6 cm at station 

IV. The same goes for the size of males who have an 

average size of 15 cm at station I faced by 13 cm at 

station IV. 

 
 

Figure 2: variations in the average size of male and female of 

B. Callensis based on the stations. El-Harrach stream (2014-2015). 

(Lt: Total length; F: Female; M: Male). 

 

3.2. Study of weight structure: 

 

The weight (g) measurements of the collected male 

and female individuals are summarized below in 

figure 3. 
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Figure 3: Variation in average weight of both males and females 

de B. Callensis based on stations. El-Harrach stream (2014 -2015). 

(Wt: Total Weight; F: Females; M: Males). 

 

The weight measurements recorded show a good 

representation of female individuals in the larger 

weights and male individuals in the smaller weights. 

However, we noted change which resulted in a decrease 

in the individuals’ weight based on stations. Indeed, the 

average weight of females is 61.8 g at station I against 

32.07 g at station IV. The same applies to the average 

weight of male individuals who have an average value 

of 31.41 g at station I face 22.28 g at station IV. 

 

3.3. Study of the Weight-Length relationship 

 

In ichthyology, the correlation between weight and 

length of the fish is of great importance. In practice, it 

can estimate the mass of the fish starting at its length 

and deduce subsequently the population biomass. The 

weight-length relationship was determined on the plots 

of the size (cm) measured in abscissa and weight (g) 

ordinate. 

 

34. Weight-length spatial relationship by gender 

 

The parameters of this relationship in both sexes at 

stations of study are illustrated in table 1. 

Table 1 

Evolution of the Weight-length relationship in both females and males of B. Callensis. El-Harrach stream 

(2014-2015); (Wt: Total weight). 

 
We note that the b obtained is less than 3 indicating 

that the growth of B. Callensis in both sexes is a 

minorant allometry in other words the cube of the total 

length grows faster than weight. However, we noted 

changes in the value of b according to the stations; 

station IV has the highest values for both sexes, the 

highest values are seen in females. These values also 

vary depending on the stations and the polluted station 

(station IV). 

3.4. Allometry and condition factor (Kc) of 

B. Callensis 

The parameters of the condition factor (Kc) obtained 

in females and males in the resorts of study are shown 

in figure 4. 

 

 

Figure4: Evolution of the condition factor (Kc) based on stations for 

both sexes of B. Callensis. El-Harrach stream (2014-2015). 
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Out of the 580 individuals examined, the minimum 

value of condition factor recorded is 1.0 for the females 

(Station II) and 1.22 for males (station IV). The 

maximum value is 8 for the females (station I) and 14.6 

for males (station I). The average values recorded are 

4.15, inferior for the females than males (8.05). The 

comparison test shows a highly significant difference in 

condition factor based on both sexes (Kruskal-Wallis, 

p-value<5%). 

However, we found that the condition factor varies 

considerably stations in both sexes, for males the values 

decrease in station I (9.9) at station IV (1.5); same 

observation in females with an average K is 6.4 and 3.7 

respectively at station I and IV (polluted station). The 

comparison test shows a highly significant difference of 

this condition factor based on stations (Kruskal-Wallis, 

p-value <5%). 

 

4. Conclusions and Prospects 

 

The study of the biological response of living 

organisms to these chemical pollutants in the aquatic 

environment is a new tool that is not intended to 

duplicate or replace the chemical monitoring, but must 

be integrated into environmental monitoring programs. 

Additional physicochemical analyzes, bio-indicators 

can serve as early warning system for contamination; 

what drove us to conduct a comparative study of the 

growth parameters in Barbus setivimensis to determine 

their variations depending on the pollution. Whatever 

the proposed process, none are appropriate for all 

circumstances and it is necessary to establish a 

repertoire of methods that can be used only to detect or 

predict a risk of pollution. At the end of the twelve 

companions of samples taken at the section studied, the 

results of physico-chemical analyze show that the water 

in question show a strong mineralization in areas 

receiving agricultural and urban waste. The faunal 

analysis shows considerable variation in morpho-metric 

parameters, weight. Fish growth seems significantly 

disrupted as a result of urban and agricultural 

discharges. Finally, these preliminary results could open 

new horizons in bio-ecological study of the genus 

Barbus to as bio-indicator of pollution especially in the 

ecotoxicology field. 
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Abstract 

 

Tafna River presents different pollution areas according to their exposure to environmental disturbances. Degrees of mineralization 

and oxidizable materials are the most relevant alterations in the assessment of the physicochemical quality of water. Rivers receive 

several environmental and hydromorphological disruptions along their path. The different analyzes and metrics exploited showed the 

effect of disturbances on the benthic macroinvertebrates at Tafna River located in north-western of Algeria. These disturbances act on 

their distributions and abundances, in severe cases, they can completely eliminate the polluo-sensitive groups. We collected 13 798 

benthic macroinvertebrate individuals in the nine stations, selected during the period of study extending from March to October 2013. 

This population is represented by 29 families, their distribution is heterogeneous between upstream and downstream. An undisturbed 

sector, characterized by well oxygenated and less mineralized waters generally. The station of one of the tributaries situated upstream 

is populated by sensitive families to pollution such as the Leuctridae Plecoptera and the Glossosomatidae Trichoptera. As for the 

disturbed sector, it is characterized by excessively mineralized water, loaded with suspended matter and an oxygen deficit. Moreover, 

the taxonomic richness is low, where it varies between 3 and 7 families with the dominance and abundance of Chironomidae, genus 

Chironomus essentially, with a total of 2625 individuals in a single station. The relationship obtained from the correlation coefficient 

between the abundances of EPT (Ephemeroptera, Plecoptera, Trichoptera) and that of Chironomidae shows a negative reaction. This 

reaction is explained by a coefficient r= -0.19 (p=0.05). This is explained by the anthropogenic impact and degradation of water 

quality in relation to undisturbed sections. These results show the important effect of environmental disturbances on the distribution of 

benthic macroinvertebrates in their environments. 

 

Keywords: Macroinvertebrates; EPT; Chironomidae; Distribution; Disturbances; Tafna River. 

1. Introduction 

 

Broadly diverse and occupying a variety of 

habitats, macroinvertebrates are excellent indicators of 

habitats quality, and are increasingly used in different 

types of biological indices (Tachet et al., 2010). Benthic 

macroinvertebrates have long been regarded as essential 

bioindicators of their environments. Among this benthic 

macrofauna, the groups most sensitive to disturbance 

are the Ephemeroptera, Plecoptera, Trichoptera: EPT. 

Thus, they are the three most widely represented 

benthic macroinvertebrates. Indeed, Ligeiro et al. 

(2013) show that the variation in EPT richness is 

explained by the disturbance gradient that influences 

habitat variability. 

Several studies in the field of hydrobiology have 

been tackled in Algeria by several authors: Lounaci 

et al. (2000); Arab et al. (2004); Belaidi et al. (2010); 

Chaib et al. (2013) and Mebarki et al. (2013), (2017).  

In this study, we studied the benthic 

macroinvertebrates in Tafna Wadi, located in the 

northwest of Algeria. We have detailed in this study the 

distribution of the three orders Ephemeroptera, 

Plecoptera, Trichoptera: EPT and Chironomidae 

Diptera. This choice was made first in relation to their 

considerable abundances in the rivers, and, secondly, on 

the degrees of their sensitivity to environmental 

disturbances. In this sense, several studies have been 

made by different authors: Menetrey et al. (2011); 

Ligeiro et al. (2013); Mereta et al. (2013); Touron-

Poncet et al. (2014); Mackintosh et al. (2015); 

Villeneuve et al. (2015); Macher et al. (2016); Milner et 

al. (2016). The interest main of this work is to monitor 

the distribution of EPT as well as Chironomidae to 

depends to their sensitivities to environmental 

disturbances.  
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2. Materials and methods 
 

2.1. Study area 

Wadi Tafna is located in the northwestern of 

Algeria. It springs in mountains of Tlemcen, crosses the 

plains of Maghnia and Remchi, and reaches in 

Rachgoun beach. The length of the main Wadi is 

170 Km. The total area (Algeria and Morocco) is 7245 

Km2, while its area in Algeria is 5259 Km2. 

We selected 9 stations along the main watercourse 

and distributed between 875 and 10 m. One station T3 

is both located on tributary Wadi Khemis (Table 1, 

Figure 1).  

 

Table 1 

Geographic coordinates of the stations sampling  

Stations Code Altitude (m) Latitude Longitude 

Sebdou T1 875 34°39'23.72"N 1°19'29.24"O 

Ain Gheraba T2 661 34°41'45.15"N 1°27'14.98"O 

Beni Snous T3 855 34° 38' 51’’N 1° 33' 09"O 

El Kef T4 488 34°43'57.60"N 1°34'26.37"O 

Boughrara T5 251 34°53'25.61"N 1°38'17.51"O 

Ain Ftah T6 201 34°58'29.30"N 1°34'57.35"O 

Gouassir T7 50 35° 4'35.25"N 1°27'10.70"O 

Fatmi Larbi T8 14 35° 8'8.55"N 1°26'35.01"O 

Rachgoun T9 10 34°17'87"N 1°27'39.81"O 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Localization of sites and sampling stations 

 

2.2. Sample collection  

 

Monthly sampling was carried out from March to 

October 2013. 

The harvesting of macroinvertebrates is performed 

using a Surber net type with a frame surface 

(25 cm×25 cm) and a 250 µm mesh size.  

 

 

 

2.3. Data processing  
 

• At the study stations, physicochemical parameters 

are measured in situ such as dissolved oxygen (mg.L-1), 

electrical conductivity (μS.cm-1) using multiparameter 

analyzer, type WTW 340i, as well as Materials in 

Suspension MES (mg.L-1) in the laboratory. 

• The abundance of the orders Ephemeroptera, 

Plecoptera and Trichoptera (EPT) and the family 

Chironomidae were determined. Chironomidae are a 
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family of Diptera that are widely distributed and 

abundant in Mediterranean streams. Chironomidae are 

known for their ability to withstand a high degree of 

pollution in the environment. A high proportion of 

Chironomidae is regarded as a sign of poor water 

quality. For this reason, we have exploited their 

presence in this work.  

• To discuss the results the Pearson correlation test is 

calculated to test the type of correlation between the 

abundances of EPT and Chironomidae. The normality 

of the parameters tested by the Jarque-Bera test. For 

these statistical tests, we used the program R (Logiciel 

R, 2016).   

 

3. Results and discussion 

 

3.1. Physicochemical parameters  

 

Physicochemical quality differs from one station to 

another. The T3 station is characterized by a generally 

average physicochemical quality. The waters are well 

oxygenated and less mineralized: 8.42 mg.L-1 of 

dissolved oxygen and 565 µS.cm-1 of electrical 

conductivity. 

The other stations are generally of poor 

physicochemical quality according to the different 

alterations, too bad in stations T1 and T9 with high 

degrees of mineralization: 3623 µS.cm-1 in station T1. 

3.2. Taxonomic richness 

 

We collected 13 798 benthic macroinvertebrate 

individuals. This population is represented by 29 

families, their distribution is heterogeneous between 

upstream and downstream. The most abundant are 

Diptera, Hephemeroptera, Trichoptera, Heteroptera and 

Mollusc. 

In the T3 station of the tributary El Khemis, we 

recorded the highest taxonomic richness: 16 families. 

The other stations have a taxonomic richness varying 

between 7 and 10 families. The stations T1, T5 have 5 

families, and the last station T9 has 3 families.  

The EPT were represented by 9 families and 5334 

individuals, as for Diptera Chironomidae, they have an 

effective of 5 226 individuals.  

 

 

3.3. Taxonomic richness of EPT 

 

The taxonomic richness is represented by the EPT 

index. This index varied between EPT=7 in station T3 

selected in the tributary Wadi El Khemis, indicating a 

slight disturbance of the environment. EPT=1 in 

stations T1 and T9, this very low value indicates an 

advanced level of disturbance. The values of this index 

at the other stations indicate that the sites are 

moderately disturbed, as they vary between 2 and 5 

(Figure 2). 

 

 

 

Figure 2. Variation of EPT index between stations 

 

3.4. Abundance of EPT  

 

The abundance is clearly observed in figure 3. The 

abundance of EPT is very important in station T6, is 

represented by 95.47% of total abundance at this 

station. This abundance is important in stations T4, T7, 

T8 and station T3 at Wadi El Khemis. This last station 

is the only one hosting the Plecoptera. The abundance is 

low in stations T1, T2, T5 and T9.  

 

 
 

Figure 3. Variation in abundance of EPT between stations 
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3.5. Abundance of Chironomidae 
 

We note a variable abundance between the different 

Wadi Tafna stations. The higher abundance is recorded 

in station T5 with 62.86%, followed by station T1 with 

48.55%. The low abundance values: 6.21%, 12.18%, 

2.86% and 9.88% are recorded respectively in the 

stations T3, T4, T6 and T7. Lastly, no individual of 

Chironomidae was collected in station T9 (Figure 4). 

 

 
 

Figure 4. Variation in abundance of Chironomidae between stations 

 

The station T1 is characterized by a low taxonomic 

richness, absence of the Plecoptera and Trichoptera and 

also a remarkable abundance in Chironomidae 

(Chironomus) 48.55% of the total abundance in the 

station. 

The taxonomic richness of EPT is important in 

station T3 at a tributary El Khemis; EPT index=7. It 

hosts the Plecoptera Leuctridae, and the taxonomic 

composition in EPT is 66.22%, and a low taxonomic 

composition of chironomids: 6.21% of the total 

composition in the station (Table 2).  

 

 

 

 

 

 

Table 2 

Main metrics associated with benthic communities, (T.: total) 

Stations T1 T2 T3 T4 T5 T6 T7 T8 T9 

Taxonomic richness 

Taxonomic richness T.  

Ephemeroptera 

Plecoptera   

Trichoptera 

 EPT*  

5 

1 

0 

0 

1 

10 

3 

0 

0 

3 

16 

3 

1 

3 

7 

10 

3 

0 

1 

4 

9 

2 

0 

1 

3 

5 

1 

0 

2 

3 

7 

1 

0 

1 

2 

7 

1 

0 

1 

2 

3 

0 

0 

1 

1 

Taxonomic composition 

% EPT*  

% Ephemeroptera  

% Plecoptera  

% Trichoptera  

% Chironomidae  

27.57 

27.57 

0.00 

0.00 

48.55 

22.44 

22.44 

0.00 

0.00 

39.49 

66.22 

41.68 

1.80 

22.74 

6.21 

49.28 

46.21 

0.00 

3.07 

12.18 

15.45 

12.63 

0.00 

2.82 

62.86 

95.47 

58.33 

0.00 

37.14 

2.86 

76.73 

47.26 

0.00 

29.47 

9.88 

70.89 

37.65 

0.00 

33.33 

16.40 

12.72 

0.00 

0.00 

12.72 

0.00 

 

3.6. Correlation 

 

The abundances of EPT were compared with those 

of Chironomidae. We tested the normality of the two 

parameters using the Jarque Bera test: p(EPT)=0.432 

and p(Chiro)=0.140. The two values of the Jarque Bera 

test are greater than α=0.05. These results show that the 

two parameters EPT and Chironomidae correspond to a 

normal distribution. Therefore, we apply the Pearson 

correlation test to test the correlation between the 

abundances of the two parameters. 

The result of the relationship between EPT and 

Chironomidae represented by their abundances is 

expressed by the correlation coefficient r=0.19 

(P=0.05), this value means a negative and average 

correlation between them (Figure 5). The equation of 

this model is: EPT= - 0.016 Chiro +3.24. 
 

 
Figure 5. Scatterplots-Correlation EPT-Chironomidae 
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4. Discussion 

 

The EPT, which are sensitive to disturbances, are 

poorly represented in the disturbed stations, which is 

why they have a heterogeneous distribution between the 

study stations. Physico-chemical constraints associated 

with urbanization may lead to a decrease in the richness 

of macroinvertebrates or a reduction of sensitive taxa or 

both at the same time (Mackintosh et al., 2015). 

• The T3 station is rich in EPT, where eleven families 

of EPT are present on the set of 16 families harvested in 

this station. These families include the Plecoptera 

Leuctridae and the Trichoptera Glossosomatidae and 

Hydroptilidae, which are sensitive to environmental 

disturbances.  

     This station is characterized by well oxygenated and 

less mineralized waters with 8.42 mg.L-1 of dissolved 

oxygen in April and 7.83 mg.L-1 in November, and an 

electrical conductivity of 565 µS.cm-1 in May. The 

waters are not turbid, where MES=25.21 mg.L-1. 

 The Trichoptera Glossosomatidae represents a 

family sensitive to disturbance, however, not as 

sensitive as the Plecoptera. Their presence is reported in 

stations T3. According to Leclercq et al. (1996). The 

appearance of Glossosomatidae is explained by a 

quality of water well supplied with oxygen. 

• The others stations, are characterized by medium to 

high turbidity: 69 mg.L-1 in T6, 356.76 mg.L-1 in T9. 

The degrees of mineralization varied 1357 µS.cm-1, 

1712 µS.cm-1 in T4 and T7 respectively. It reaches 

3623 µS.cm-1 in T1. Taxonomic diversity is medium to 

low, with almost the same taxonomic composition. 

Baetidae and Hydropsychidae are the most abundant, 

followed by Caenidae. These three families Baetidae, 

Caenidae for Ephemeroptera and Hydropsychidae for 

Trichoptera, host stations with high loads of 

disturbances, but with very low numbers. As for 

Sharma and Rawat (2009), they show that 

Ephemeroptera tolerate low to moderate pollution and 

generally require a high concentration of dissolved 

oxygen.  

• In stations T4, T5 and T1, we report the abundance 

of Chironomidae. As well as a timid presence of the 

Ephemeroptera and Trichoptera, represented 

respectively by the Baetidae and Hydropsychidae. 

According to Macher et al. (2016) the abundance of 

sensitive EPT taxa generally decreases in disturbed 

stretches. However, some taxa can withstand high 

disturbance loads in the water. 

These results show a heterogeneous distribution of 

EPT. This distribution is based on environmental 

conditions along the watercourse. According to Mereta 

et al. (2013), EPT were relatively rare in disturbed sites 

because of their susceptibility to human disturbance. At 

these stations, deteriorated water quality removes 

polluo-sensible taxa and favors the installation of 

polluo-tolerant, and taxonomic diversity is low at these 

stations. The latter are characterized by organic 

pollution with different degrees, particularly the T1 

station characterized by the abundance of 

Chironomidae genus Chironomus. According to 

Touron-Poncet et al. (2014); Chironomidae have an 

adaptation to survive in a low oxygen environment, 

giving them resistance to pollution.  

The relationship between EPT and Chironomidae is 

very important. In contrast to abundantly transplanted 

EPT in undisturbed or low-disturbed environments, 

Chironomidae Diptera find their ideal environment 

generally in nutrient-rich and low-oxygen waters. 

According to Alhou et al. (2008), Organic pollution and 

the presence of nutrients were the main factors 

explaining the differences in the distribution of 

Chironomidae between the selected stations.  

According to Mackintosh et al. (2015), 

Chironomidae are able to tolerate a wide range of 

environmental conditions, including eutrophication and 

anoxia conditions. This corroborates our results. The 

station T1 is the richest in Chironomidae, genus 

Chironomus, it counts 2625 individuals out of the total 

of 5226 individuals, characterized by an oxygen 

deficiency with values of 0.62 mg.L-1 and 1.21 mg.L-1 

in August and September respectively. According to 

Mackintosh et al. (2015). This dominance of 

Chironomidae indicates that water quality is altered in 

these systems, relative to the degree of urbanization.  

This distribution of EPT and Chironomidae is well 

explained by the results of the Pearson correlation. It is 

a negative relationship between the development of 

EPT and Chironomidae in the 9 study stations, it has a 

negative correlation coefficient r= -0.19. This result 

confirms their distribution between the different 

perturbed and undisturbed sections.  

This result confirms their distribution between the 

different perturbed and undisturbed sections. This 
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negative correlation is confirmed by other authors, such 

as Gray and Delaney (2008), where they found a 

negative correlation between EPT, present in 

dominance in undisturbed environments, and the 

Chironomidae Diptera are dominant in disturbed 

environments. This correlation reported in their work is 

strong and of negative type (r= - 0.809). 

Therefore, the three EPT orders represent a 

remarkable sensitivity to the perturbations of the media. 

Indeed, Ligeiro et al. (2013) show that the variation in 

EPT richness is explained by the disturbance gradient 

that influences habitat variability. As for the Milner et 

al. (2016), the marked change in the macroinvertebrate 

community in the study site was characterized by the 

predominance of chironomids, the latter being 

associated with decreased diversity. And according to 

Adandedjan et al. (2013), stations with unstable 

conditions are the places of anthropogenic activities and 

enriched in organic matter and, as a result, abound in 

polluo-tolerant species such as Chironomidae Diptera. 

 

5. Conclusion 

 

EPT and Chironomidae have been shown to be 

important in assessing water quality. A site is classified 

in good condition, where total taxonomic richness is 

high, particularly that of EPT, and the abundance of 

Chironomidae, genus Chironomus is low. Among the 

whole of the EPT, the Hydropsychidae (Trichoptera) 

and Baetidae (Ephemeroptera) are eurytope, present at 

the level of all the sections, however, with low to very 

low abundances in the disturbed sections. 

The distribution of EPT and Chironomidae is 

related to the various environmental disturbances, 

where they show their sensitivity to the degrees of water 

pollution. 
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ABSTRACT 

A survey of the Seybouse Wadi (North-Eastern Algeria) between July 2016 and April 2017 was conducted in 9 sampling sites 

located on the main river and its two tributaries (Bouhamdane and Cherf) using Chironomids larvae. The aim of this study was to 

analyze the spatio-temporal distribution of Chironomids (Diptera, Chironomidae) and determine their diversity along the stream. Four 

subfamilies of Chironomidae have been reported; Orthocladiinae represent the highest abundance with 59%, followed by 

Chironominae with 36.40%, then Tanypodinae and Diamesinae with the lowest abundances: 3.26% and 1.33% respectively. The 

Chironominae subfamily are represented by two tribes: Chironomini and Tanytarsini. From 3983 collected larvae, 31 Chironomids 

species were identified using Epler’s identification key (2001, 2014). Assessment of their relationships with several environmental 

parameters was performed using the Canonical Correspondence Analysis (CCA). Fortunately, the improved conditions observed in 

spring allowed the presence of a more diversified fauna. In winter, we recorded a remarkable decrease in diversity. The highest 

evenness and diversity of Chironomids larvae were reported in S9 (El Hadjar), with higher concentrations of organic and/or inorganic 

pollutants. The majority of taxa comprised cosmopolitan species widely distributed along the sampling sites as: Cricotopus annulator 

and Rheocricotopus sp. Eukiefferiella sp and Eukiefferiella gracei were the most dominant in moderately polluted sites with mean 

abundances of 6.95% and 0.85% respectively while Chironomus riparius, Polypedilum nubifer and Tanytarsus sp were abundant in 

more polluted sites. These three species could be considered as tolerant species since they have the ability to survive in extreme 

environmental conditions with low dissolved oxygen and high concentrations of pollutants. 

Keywords: Diversity; Distribution; Seybouse; Chironomidae 

1. Introduction 

 

In the Mediterranean climate regions, biological 

communities and their ecological traits are influenced 

by a high seasonal variability of temperatures and 

precipitation. (Bonada et al., 2007a). 

The Seybouse Wadi is an important freshwater 

ecosystem in North-Eastern Algeria and it is considered 

a vital ecological asset rich in biological diversity. 

Among families of macroinvertebrates, Chironomidae 

are probably the most widely distributed and species 

rich family constituting between 30% and 50% of the 

biomass of aquatic macroinvertebrates (Armitage et al., 

1995; Cranston, 1996; Harrison, 2002; Porinchu and 

MacDonald, 2003). Chironomids larvae occupy 

extremely varied biotopes because of their ability to 

tolerate a wide array of environmental water quality 

gradients and their extraordinary ecological range and 

environmental sensitivity make them particularly useful 

for assessing and interpreting changes in water quality 

of aquatic ecosystems (Dickman and Rygiel, 1996; 

Bhattacharya et al., 2006). Consequently, several 

studies have used them as indicators of environmental 

water quality changes (Janssens De Bisthoven and 

Gerharddt, 2003; Mousavi et al., 2003; Adriaenssens 

et al., 2004; Janssens de Bisthoven et al., 2005; Luoto, 

2010). in the rivers of the Mediterranean, they were 

very resistant to hydrological variability and were 

among the first colonizers after the drought (Langton 

and Casas, 1999, Marziali et al., 2009a, 2009b). In spite 

of this sensitivity to drought and changing abiotic 

conditions, the Chironomidae of North Africa tend to be 

neglected in most ecological studies, probably due to 

their taxonomic complexity (Bazzanti et al., 2008).  

A special focus of our study was to investigate the 

diversity and structure of Chironomids communities in 

relation to the physical and chemical variables of water 

quality, and highlight the different factors influencing 

their distribution in study sites.  
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2. Materials and methods 

 

2.1. Study area 

 

The Seybouse river, locally known as Seybouse 

Wadi is located in North-Eastern Algeria. Its catchment 

is about 6 471 km², one of the largest watersheds in 

Algeria. It arises from the confluence of two rivers, The 

Cherf and the Bouhamdane Wadi, which join at Medjez 

Amar to form the Seybouse Wadi which discharges into 

the Mediterranean Sea in Annaba. 

Major anthropogenic activities in the Seybouse 

River catchment influencing its water quality include 

the uncontrolled discharge of industrial effluents in 

urban areas, and agricultural activities such as 

cultivation and livestock farming. 

 The climate of the Seybouse basin is typically 

Mediterranean with a hot and dry summer, and a cold 

and rainy winter. 

 

2.2. Sampling sites 

 

The study was conducted seasonally at 9 sampling 

sites between July 2016 and April 2017. The selection 

of these sites was carried out taking into consideration 

the objective of the study, ease of accessibility, the 

availability of macroinvertebrate habitats and extent of 

impacts…etc. The characterization of studied 

mesohabitats of the streams is presented in table 01. 

    

Figure 01. Location of the study area and sampling sites along the main 

course of the Seybouse Wadi and its tributaries (North-Eastern Algeria). See  

Table 01 

List of the sampling sites with geographical and typological information 

Stations 

code 

Names of the sampled 

sites 
Latitude (N) Longitude (E) Altitude (m) Substrat Observations 

S1-Bw Bouhamdane Wadi 36°26' 36.4" 7°18' 38.2" 249 Pierres/Blocs Water pamping 

S2-Cw Cherf Wadi 36°26' 35.3" 7°18' 39.2" 249 Stones / Blocks / Sludge Water pamping 

S3 Seybouse1 36°26' 35.4" 7°18' 43.2" 249 Stones / Pebbles / Rocks / 

S4 Salah 36°27'43.6" 7°20'23.2" 232 Sand / Pebbles / rocks Water pamping 

S5 Héliopolis 36°29' 4.19" 7°26'20.14" 189 Rocks / Slab 
Water pamping. 
Urban waste 

S6 Boumahra Ahmed 36°28' 7.2" 7°18' 39.2" 162 Sand / Pebbles 
Agriculture. 

Water pamping 

S7 Bouchegouf 36°28' 5.05" 7°42' 12.6" 96 Sand /Blocks / Rocks / 

S8 Boukamouza 36°35' 33.0" 7°45'35.2" 61 Stones/Pebbles Water pamping 

S9 El Hadjar 36°47' 56.6" 7°45'35.2" 9 Sand / Rocks Fishing activity 
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2.3. Environmental and Chironomids data 

 

The following environmental variables were 

measured for each sampling site using a multi-

parameter probe: water and air temperature (°C), 

potential hydrogen (pH), potential Red/Ox (mv), 

salinity (P.S.U), electrical conductivity: EC (μS.cm-1) 

and dissolved oxygen: DO (mg.L-1). The geographical 

coordinates of the sampling sites were determined with 

a geographical positioning system (GPS). Several 

environmental variables were visually estimated: water 

transparency, substrate type, presence of riparian 

vegetation. 

For  the  chemical  analysis  of  water  (calcium  

(mg.L-1), magnesium (mg.L-1), chloride (mg.L-1), nitrite 

(mg.L-1),  nitrate  (mg.L-1)  and  suspended  

solids (mg.L-1)), samples are taken from each station in 

plastic bottles and transported to the laboratory in an 

ice-filled cooler box. All chemical analyses were 

performed within 24 h of sample collection. 

Simultaneously larvae of Chironomidae were 

collected at the 9 sampling sites using a "Surber" net 

(250 µm) in the middle of the current and near the 

banks. The opening of the net is placed in front of the 

current so as to receive the dislodged organisms. The 

net has been removed so that no organism can be 

carried away by the current. 

Chironomids larvae were preserved in 5% 

formaldehyde solution and transported to the laboratory 

for sorting, identification and abundance counts. Head 

capsules were extracted with fine forceps and mounted 

on microscope slides. Faunal identification was 

performed under a light microscope. Chironomids 

larvae were identified according to the keys described 

by EPLER (2001-2014) and OLIVER et al. (1978). 

 

3. Results 

 

3.1. Physical and chemical water quality variables 

 

Maximum temperature dissolved oxygen values 

were recorded in summer at the downstream stations, 

and minimum values in the upstream stations. 

Generally, the downstream sites, revealed evidence of 

impaired environmental. 

Seybouse Wadi shows a homogeneous distribution 

of mineralization with the exception of S2 in Autumn 

and S7 in Winter which have good mineralization. 

Same for the EC. 

Important values in suspended matter, Nitrate and 

Nitrite, which are pollution parameters, were recorded 

in summer and autumn at downstream stations, 

particularly at S5 and S6, which are probably indicative 

of high organic loads. 

 

3.2. Spatio-temporal variation in abundances of 

Chironomids species 

 

During the study period, 3 983 individuals of 

Chironomidae were identified belonging to 31 taxa, 15 

of them only were determined to the specific level. 

Their distribution by subfamilies shows a quantitative 

dominance of Orthocladiinae with 2350 (59%) 

followed by Chironominae with 1450 individuals 

(36.40%). While Tanypodinae and Diamesinae account 

for only 3.26% and 1.33% respectively. Orthocladiinae 

showed the highest generic richness (14 taxa). 

  

 

Figure 02: Relative abundance of Chironomidae sub-families in Seybouse Wadi 
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The maximum value of the Shannon index is 

2.94 bits/ind for S9. However, the least diversified 

stations are S1 and S3 with 2.02 and 2.03 bits/ind 

respectively. Evenness values ranged from 0.57 (S5) to 

0.70 (S7). Species Richness between 8 (S2) and 20 

species (S9). According to the same figure, we can say 

that the seasonal variation of diversity and Evenness of 

the 9 stations show a raise in the diversity in Spring 

(3.70 bits/ind). However, this diversity decreases during 

the Autumn (2.75 bits/ind). Same for the evenness 

values.  

 

 

Figure 03: Spatial and seasonal Variation of the values of H' and E. 

The distribution of Chironomidae in the different 

study stations shows that S4, S6 and S8 contain the 

largest number of species of Orthocladiinae, the most 

frequent are represented by: Rheocricotopus robacki, 

Eukieferiella sp and Orthocladius sp, Cricotopus 

annulator and Cricotopus sp1. The Tanypodinae are 

also well represented in these sites, among these species 

we mention: Sympotthastia, Thienmanyia and Tanypus. 

The remaining stations have the lowest abundances of 

Orthocladiinae species, these stations seem to support 

the various disturbances of the environment (industrial 

and urban discharges, excessive pumping of 

water…etc.), we quote: Eukieferiella claripennis and 

Cricotopus sylvestris. 

Species of Tanypodinae and Diamesinae are 

completely absent in stations S3 and S5. S5, S7 and S9 

contain the majority of Chironominae species. Among 

the most abundant, we mention: Chironomus riparius, 

Tanytarsus sp and Chironomus decoreus group which 

are very widespread species, confirming their tolerance 

to severe environmental conditions. They have been 

detected in almost all sites and especially in sites with 

high trophic levels or high pollution and where we 

always notice a significant decrease in dissolved 

oxygen. However, the lowest abundances of 

Chironominae species are represented by Polypedilum 

nubifer, Cryptochironomus sp and Phaenopsectra sp. 

These species are abundant in moderately polluted areas 

such as S3, S4 and S8. 

 

Figure 04: Spatial variation in species abundances. 

The relative abundance and distribution of 

chironomids species recorded at each of the sampling 

sites during each of the sampling seasons are presented 

in the figure below (Figure 5). It shows that 
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Rheocricotopus robacki, Cricotopus annulator and 

Eukiefferiella sp are present throughout the period of 

study with remarkable differences, exuviae and adults 

also appear during this period confirming the 

multivoltine and opportunistic state of these species.  

Chironomus riparius, Dicrotendipes nervosus, 

Polypedilum nubifer, Polypedilum scalaenum and 

Tanytarsus sp are also present during the 4 seasons. All 

these species use drought adaptations such as cocoon 

construction and recolonization. Whereas 

Phaenopsectra sp and Microtendipes pedellus appear 

only during limited periods of the year. Indeed, they are 

absent during the Summer, Autumn and Winter and 

reveal relatively weak abundances at Spring. 

The Tanypodinae and Diamesinae species are the 

least abundant throughout the year: only Procladius sp 

and Sympotthastia sp shows a maximum of 2016% and 

2.20% respectively in spring.  

It should be noted that in periods of floods (Winter), 

the abundances of the four sub-families were relatively 

low. 

 

 

Figure 05: Temporal variation in species abundances. 

3.3. Chironomids communities and water quality 

relationships 

 

Canonical correspondence analysis (CCA) 

ordination plot revealed strong relationships between 

chironomids communities and measured physical and 

chemical water quality variables. Figure 06 shows the 

projection of species and environmental parameters as 

well as the stations in factorial plans F1 and F2 which 

contribute to 52.59% of total inertia (F1: 35.19%, F2: 

17.41%). Prior to the application of CCA, rare species 

and those sampled only once or twice during the study 

were eliminated from the analysis. 

F1 shows two groupings of stations. in the positive 

part, the downstream station S9, which is characterized 

by zero velocity of the current (stagnant) was correlated 

strongly with Procladius sp, Tanytarsus sp, 

Cryptochironomus sp, Dicrotendipes nervosus. on the 

other hand, Rheocricotopus sp was greatly associated 

with the stations having good oxygenation due to the 

speed of the current (S3, S5, S8). 

F2 also opposes two groups of stations. In its 

positive part, it groups S5 and S7 characterized by a 

degradation of water quality. These stations are highly 

correlated with chironomids taxa that seemed to be 

more pollution tolerant and consisted mostly of the tribe 

Chironomini, particularly Chironomus riparius, 

Chironomus sp and Dicrotendipes nervosus. These 

species were positively correlated with high Nitrites. 
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Figure 06:  Projection of physico-chemical, biological and study stations from using CCA of the Wadi Seybouse. 

4. Discussion 

 

4.1. Physical and chemical water quality variables 

 

 The physical and chemical water quality variables 

provide a clear distinction between downstream and 

upstream stations. The main cause of high electrical 

conductivity and the good mineralization of some sites 

in Seybouse Wadi, apart from anthropogenic sources, is 

probably due to the river’s geological nature. 

 Industrial effluent discharges and agricultural 

activities are likely the main contributors of the 

observed high organic loading at S5 and S6. 

 

4.2. Spatio-temporal variation in abundances of 

Chironomids species 
 

Chironomidae are largely cosmopolitan elements 

found in most aquatic ecosystems (Pinder, 1986). Their 

ecological diversity is proved by their physiological 

tolerance to severe environmental conditions (Warrin et 

al., 2008). Ecological studies have shown that the 

distribution of Chironomidae larvae is conditioned by 

environmental factors such as depth, substrate type, 

trophic level of the environment and chemical factors 

such as oxygen concentration (Lobinske et al., 1996). 

The type of substrate is also one of the main factors 

determining the distribution of Chironomidae in aquatic 

environments. The structure and density of populations 

are conditioned by the characteristics of the sediment in 

which they live. Procladius is an eurytope genus that 

can grow on any substrate (Zerguin, 2009), which 

explains its abundance compared to other genera. Other 

species are found in substrates consisting of coarse 

medium sands mixed with pebbles, such as: 

Cryptochironomus (Zerguine, 2009) which was 

collected at station S8 (Boukamouza). 
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Most species of Tanypodinae are reported to be 

sensitive to water quality changes (Ochieng et al., 2008) 

which is also reflected in the present study. Although 

Procladius sp. is known to have varying degree of 

tolerance to water quality changes, it was found only at 

site 8 and 9 with an insignificant contribution to the 

total abundance. It could be that other ecological 

conditions that were not measured in the present study 

were responsible for their rare occurrence. Cricotopus 

sylvestris and Eukieferiella claripennis are widely 

distributed species in our study area. Indeed, according 

to (Lobinske et al., 1996) they are among the most 

opportunistic species that tolerate the severe conditions 

of the environment. 

The high abundance of Chironomus riparius in the 

heavily polluted sites 5, 6 and 7 was expected because 

of their ability to tolerate oxygen depletion and have 

been reported in several studies at polluted sites 

(Adriaenssens et al., 2004; Janssens De Bisthoven et 

al., 2005; Ochieng et al., 2008; Simião-Ferreira et al., 

2009). The high abundance of the genus Chironomus at 

the polluted sites is probably due to its ability to use 

hemoglobin for oxygen transportation and individuals 

within this genus are therefore able to survive in oxygen 

depleted environments (Adriaenssens et al., 2004). The 

majority of species belonging to Diamesinae subfamily 

are cold stenotherm. Only the genera Potthastia and 

Sympotthastia are less demanding and tolerate 

temperatures up to 15°C (Zerguine, 2009), which 

explains its presence at S4 and S9. 

The Seybouse River chironomids communities also 

showed seasonal variations with more species being 

collected during spring, it’s the favorable period of 

development of the majority of species (presence of 

organic matter: source of food). ROSSARO (1991) 

reported that most chironomids taxa enter a resting 

stage during winter and could result in the collection of 

fewer species. 

Ordination techniques, such as CCA, are 

multivariate statistics used to elucidate the relationships 

between biological community and their environment 

(Ter Braak and Verdonschot, 1995). It shows strong 

correlation between species and environmental 

variables. This study further revealed that nutrient 

concentrations and electrical conductivity are important 

in interpreting the results of the CCA ordination and 

species such as Chironomus sp and Dicrotendipes sp 

appeared to be good indicators of water enriched with 

nutrients and organic matter. 

 

5. Conclusion 

 

Our study in North-Eastern Algeria concerned the 

knowledge of the Chironomidae communities in the 

Seybouse Wadi during four successive seasons (2016-

2017), the ecology and the systematics of this family 

were studied. 

This study showed 31 species of Chironomidae 

divided into 4 sub-families: the Orthocladiinae, 

Chironominae, Tanypodinae and Diamesinae. Indeed, 

the subfamily Orthocladiinae is the richest in species 

and number of individuals with 14 species and 2350 

individuals.  The specific richness in this watercourse 

depends mainly on the ecological conditions. It 

increases with the reduction of anthropogenic impacts. 

The species composition of the Chironomidae 

communities shows qualitative and quantitative 

differences between habitats indicating larval selectivity 

for site selection. This selectivity is influenced by 

various abiotic factors, including the nature of the 

substrate, organic matter, salinity, oxygen content and 

temperature. The present study therefore provides 

evidence of the bioindication potential of Chironomidae 

larvae and at refined taxonomic resolution, they could 

be applied in the bio-assessment of freshwater 

ecosystems. 
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Abstract 

 

Bio-monitoring using indicator organisms became a widely known and accepted method for water quality assessment. The quality 

of water at Ghrib Dam was evaluated by the Saprobiological method using the Pantle-Buck Saprobity index, monthly during two-year, 

May 2013 to June 2015 at two stations. By qualitative and quantitative analysis of the zooplankton community, bio-indicator species 

were selected for evaluation of water quality. A total of 62 taxa were recorded from 3 groups. The dominant group is Rotifers due to 

the presence of the greatest number of taxa. The main constituents of the community are the species of the genera: Keratella, 

Hexarthra, Brachionus, Collotheca and Polyarthra. Cladocera is subdominant group in zooplankton of the Ghrib Dam, while 

Copepoda are represented with small number of taxa. Out of 45 Rotifers 41 were Bio-indicator, from 13 Cladocera 9 were Bio-

indicator and out of 3 Copepods 1 were Bio-indicator. During the study period, the Saprobity index varied between 1.27 and 1.76, 

which classifies the water quality in Class I and II (Oligosaprobic and oligo- β-mesosaprobic). There was a general trend of decrease in 

the Saprobity index from the beginning to end of the seasons. This is a result of natural processes (terminated degradation of 

introduced organic matter as well as settlement of suspended matter introduced with the supply water).    

 

Keywords: Bioindicator species; Saprobity index; Oligo-β-mesosaprobic; Ghrib Dam.  

1. Introduction  

 

Zooplanktons are microscopic animals living near to 

the surface of the water body. They are poor swimmers, 

instead relying on tides and currents as a transport 

mechanism. They feed upon phytoplanktons, 

bacterioplanktons, or detritus. Zooplanktons constitute a 

vital food source for fish. They also play an important 

role as Bioindicators and help to evaluate the level of 

water pollution (Contreras et al., 2009). They are 

assumed to be a vital part in indicating water quality 

(Jakhar, 2013), eutrophication (Ismail, 2016), and 

production of a freshwater body. In order to determine 

the status of a freshwater body it is necessary to 

measure seasonal variations and presence of 

zooplanktons (Zannatul and Muktadir, 2009). Differing 

varieties of species, biomass diversity and wealth of 

zooplankton groups can be utilized to determine the 

strength of a biological system. The potential of 

zooplankton as a bioindicator species is high on the 

grounds that their development and conveyance are 

subject to some abiotic (e.g. temperature, saltiness, 

stratification, and pollutants) and biotic parameters (e.g. 

Limitation of food, predation, and competition) 

(Ramchandra et al., 2006). In Algeria, the quality of 

waters is deteriorated by various forms of pollution. 

Water resources have become increasingly limited, 

difficult to exploit, and often are exposed to significant 

amounts of wastewater. Ghrib Dam is the second largest 

reservoir lake in service in the west of the country. The 

Ghrib Dam is situated in the province of Ain Defla1, 

west-central Algeria. It is built on the Chelif River at an 

average altitude of 460 m, with latitude 36°08’41.66”N 

and longitude 02°34’18.08”E. the dammed waters are 

designed to irrigate the Mitidja plain, to the east, and 

the plains of the upper and lower stretches of the Chelif 

River to the west. The water quality of the Ghrib dam 

has deteriorated since 2005 due to the annual waste 

water discharges from urban (2366 hm3) and industrial 

areas (0.035 hm3). The aim of this study is to assess 

water quality of the Ghrib Dam using the 

physicochemical parameters and bioindicators 
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organisms (rotifers, cladocerans and copepods). It is 

necessary to determine the degree, the nature and the 

origin of pollution and its impact on the fauna and the 

flora. 

 

2. Materials and Methods 

 

Monthly samples were collected at two sites (St1; 

36°08’05,31” N/02°35’07,35” E, St2; 36°09’06.72” N / 

2°34’08,4” E) in Lake Ghrib, from June 2013 to May 

2015. For zooplankton quantitative analysis 5 liters 

were taken from surface water at each sampling site by 

filtering through a zooplankton net of 50 μm mesh 

diameter. Collected samples were kept in plastic bottles 

with some lake water to which 5% formalin was added 

as a preservative. Samples were studied under the 

compound microscope and specimens identified at the 

species level when possible. Zooplankton numbers were 

expressed as number of organisms per liter. Physical 

and chemical variables such as temperature, pH, 

dissolved oxygen and conductivity were measured in 

the field using the Multi-parameter 340i Set WTW and 

transparency was also measured using a Secchi disk. 

Dissolved nitrates and phosphates were detected 

spectrophotometrically method.  

 Saprobic indices (S) were calculated using the 

formula proposed by Pantle and Buck (1955):  

S=Ʃ(s.h)/Ʃh; where (S) is the Pantle and Buck (1955) 

saprobic index; (s) is the valence of each rotifer 

(Sládeček, 1983) and (h) the relative frequency 

(1, uncommon; 3, common; 5, abundant). The saprobic 

index S is based on the following ranking scale: 1.0 to 

1.5, oligosaprobic; 1.6 to 2.5, β- mesosaprobic; 2.6 to 

3.5, α-mesosaprobic; 3.6≥4.4, polysaprobic. The trophic 

state of the reservoir was calculated using ratios based 

on the number of Brachionus to Trichocerca species 

(B/T ratios; Sládeček, 1983). 

 

3. Results: 

 

The physicochemical variables observed at both 

study sites during this period are shown in figure 1. The 

temperature ranged between 6°C and 28°C with no 

significant differences between sites. Only the first site 

(St1) is part of a shallow water body where the 

maximum depth did not surpass 3 m; the Secchi 

transparency was also low ranging between 0.22 m and 

3.55 m. The dissolved oxygen was higher during winter 

and spring as compared to the summer months at both 

sites.  The conductivity was low as can be expected in a 

freshwater body; the pH ranged between 6.52 and 9.12 

and was almost always alkaline at all sites. The 

concentration of nitrate in Ghrib dam water is ranging 

from 0.56 to 5.07 mg.L-1. The value of orthophosphate 

fluctuates from 0.005 mg.L-1to 0.32 mg.L-1. The 

maximum value (0.23 mg.L-1) was recorded in the 

month of March (spring) and minimum value in the 

month of August (summer).  

During this study we observed 45 species of 

rotifers. The most species rich family was Brachionidae 

with 18 species. The rest of the families were 

represented by just a few species.  Keratella quadrata is 

present during most of the study period at densities 

above in both sites respectively 1518 and 548 ind.L-1.  

At both study sites, during the study we observed 13 

species of cladocerans and three species of copepods, 

Arctodiaptomus salinus, Copidodiaptomus numidicus 

and cyclops strenus strenus. The most abundant 

cladoceran was Ceriodaphnia reticulate although its 

density was very important in winter (435 ind.L-1 at the 

second station) fellow by Diaphanosoma brachyurum 

with 342 ind.L-1 at the first station. Also, we noted the 

appearance of Daphnia in the spring presented by 

Daphnia longispina, Daphnia magna and Daphnia 

pulex are presented with low density. 

In determining the trophic level of the lake, rotifer 

species are used as an indicator. During this research 

carried out in Ghrib dam, QB/T was found to be 7. 

Consequently, an evaluation based on the rotifer index 

says that the lake has eutrophic characteristics in terms 

of zooplankton.  

The composition of zooplankton communities 

clearly reflects values of Saprobity index. Mean values 

of the Saprobity index along stations ranged between 

1.27 and 1.76. The highest values were recorded at 

station (St1), particularly in May (1.79) (Figure 2). 

Significant differences in the value of the Saprobity 

index were recorded at both stations (p<0.05), i.e. its 

values clearly indicate a change in the water quality. 

The results of the Saprobity index show that the water 

quality along the investigated localities is between the 

first and second class, i.e. from oligo to beta 

mesosaprobic. There was a general trend of decrease in 

the Saprobity index from the beginning to end of the 
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seasons. This is a result of natural processes (terminated 

degradation of introduced organic matter as well as 

settlement of suspended matter introduced with the 

supply water).    

 

 

Figure 1:  Monthly variation of the physicochemical parameters; STr: Secchi disk 

transparency, WT: water temperature, DO: dissolved oxygen, pH, EC: conductivity, 

NO3, PO4, during June 2013 to May 2015 in Ghrib Dam 

 

Figure 2: Monthly change of Saprobity index score at both stations of Ghrib Dam. 



HAMIL S. et al.   63 

 

 

Citation: HAMIL S., DOUKHANDJI N., SMAOUNE G., BAHA M. and ARAB A., The Use of Zooplankton Community for Assessing the Water 

Quality of Ghrib Dam (Algeria). In. ICAPC’5 Proceeding, Tamanrasset, Algeria, 03-05 Nov., 2017, pp. 60-64. 

https://www.revuenatec.dz/Proceedings/ICAPC'5 

4. Discussion  

 

Zooplankton can be used as “bioindicators” of 

water pollution, because their occurrence, vitality and 

responses, change under adverse environmental 

conditions (Oliver, 1996). The variations of their spatial 

distribution based on different physical factors. In the 

present study, zooplankton community is composed of 

three main groups; Copepoda, Cladocera, and Rotifera.   

Rotifers are one of the sensitive indicators but pose 

difficulties in acquiring adequate taxonomic skills to 

identify them. Nevertheless, it has been well 

documented that Brachionids are indicators of eutrophic 

waters while Trichocercids of oligo-mesotrophic water 

(Sladecek, 1983). During this study this group was 

dominant in both localities. Their dominance in Ghrib 

Dam is due to the abundance of Keratella quadrata 

which mainly characterized the eutrophic system (Geng 

et al., 2005; Bozkurt et al., 2001). Our study clearly 

shows that the study sites in Lake Ghrib are eutrophic 

since it has a B/T ratio of 7, in spite of the fairly high 

species diversity. Saprobiological analysis at both 

localities showed that is ranged from oligo and β-

mesosaprobic, i.e., from very slight pollution to 

moderate pollution. Oligo-β mesosaprobic and β-

mesosaprobic rotifers account for the major fraction of 

the zooplankton (Asplanchna sp, Cephalodella sp, 

Hexarthra sp, Keratella sp, Lecane sp, Polyarthra sp 

and Trichocerca sp). However, just some inventory 

species are alpha-mesosaprobic and polysaprobic 

(Epiphanes santa, Rotaria rotatoria and Brachionus 

rubens, respectively). Admittedly, rotifers are good 

indicators of Saprobity (Sládeček, 1983), but this does 

not exclude the importance of the cladocerans like 

indicators of water quality. Several researchers (Gannon 

and Stemberger, 1978; Thouvenot et al., 1999) 

determined the quality of several lakes by basing on the 

presence of some cladocerans (exp. daphniidae, 

bosminidae, sididae, chydoridae, llyocryptidae) known 

by their bacterivore activity, phytophagous and 

detritivores. 

These results may be reflecting the actual 

ecological status of the lake, which coincided with the 

study, mentioned that, the various environmental 

parameters in different seasons and regions in Lake 

Ghrib lie within the permissible range and it is a good 

quality for drinking, irrigation and fish culture purposes. 

The present chemical data showed that, the water 

quality of Ghrib Dam was fluctuated between moderate 

and good, summer season recorded the best water 

quality at both localities. High level of some abiotic 

parameters causes organic pollution (eutrophication) as 

phosphate and nitrate. In our results, the value of 

orthophosphate fluctuates from 0.005 mg.L-1 to 

0.32 mg.L-1. The high values of phosphate are mainly 

due to rain, surface water runoff, agriculture run off; 

washer man activity could have also contributed to the 

inorganic phosphate content. 

 

5. Conclusion  

 

This study concludes that, Saprobity index 

somewhat give a good indication to assess water quality 

of Ghrib Dam and there are some developments are 

needed according to the nature of the lake and their 

dominant zooplankton indicator species. 
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Abstract 

 

The present work constitutes a global hydrobiological study of the Wadi Sebaou and one of its main tributaries the Oued Boubhir. 

Its main focus is the analysis of faunal data and drawing up a list of benthic invertebrates. On the one hand, to investigate the 

relationships between the characteristics of the environment and its fauna, on the other hand to specify the species’ spatial distribution. 

Nine stations spread between 50 m and 1200 m altitude were followed by the faunistic survey of April and May 2013. The equipment 

used for the biological material sampling is the Surber net for the lotic facies and the Turbid net for the lentic facies. The recorded 

limnofauna consists of 42 831 individuals belonging to 14 zoological groups, 67 families and 92 genera. The Ephemeroptera, with 

51.01% of the total fauna (24 596 individuals) and the Diptera, with 29.38% (14 169 individuals) are largely numerically dominant. 

They are abundant in all stations and account for almost 80% of the total fauna. The other zoological groups constitute only a very 

small fraction of the harvested fauna. Abundance, taxonomic richness, diversity and fairness were studied. They allowed descriptive 

study of the stand structure. The analysis of the stand structure showed that the altitudes (> to 900 m) are the most diversified. The 

great diversity of habitats has allowed the development of a community rich in taxa and fairly balanced. in the foothills and lowlands, 

exposed to various anthropogenic disturbances, the number of taxa harvested in considerably reduced. The structure of the benthic 

communities was visualized by multivariate statistical methods (ACP, AFC) which allows us to show the affinities of the species for 

the selected environmental variables. The hierarchical ascending classification allowed to individualize 3 nuclei of affinity between the 

stations on the one hand and the species on the other hand, and determined by a longitudinal gradient. The first group characterizes the 

upper parts of rivers. The second contains the rheophilic and hemi-stenothermic species, the third contains the most eurythermal 

species, with much better support for temperature increases and the presence of organic matter, and therefore falls considerably lower 

in the lower portions of the rivers. 

 

Keywords: Rivers; Benthic invertebrates; Community structure; Oued Boubhir; Tizi-Ouzou. 

1. Introduction 

 

The faunistic studies of streams can serve as a basis 

for understanding their functioning. They are a tool for 

evaluating the health condition of the water and are 

therefore used as bioindicators. They provide a 

significant contribution to the management of 

watercourses and their sustainable development. in 

particular, the benthic community’s analysis makes 

possible to assess the degree of alteration of aquatic 

environments; It will highlight the Physico-chemical 

variations of the waters and thus the spatial and 

temporal variations of the pollution. Spatial variations 

were attributed to habitat characteristics but also to 

temporal stochastic fluctuations in the environment. 

Thanks to its Mediterranean facade, Algeria has 

important hydrographic networks., the richness and 

diversity of Its continental waters, have aroused the 

interest of many researchers. Unfortunately, little work 

has been monitored, in terms of changes as much in 

biotic factors as its abiotic factors. 

The main known works are those of Lounaci (1987) 

and Ait-Mouloud (1988) on the fauna of the rivers of 

Wadi Aissi, Arab (1989) on the macroinvertebrates of 

Wadi Chiffa and Mouzaia, Gagneur et Aliane (1991) on 

the Plecoptera of the Tafna, Moubayed et al. (1992) on 

the Chironomidae Diptera of Algeria, Lounaci-Daoudi 

(1996) on the macroinvertebrates of the Sébaou River 

Network, Thomas (1998) on the Ephemeroptera of 

Algeria, Morocco and Tunisia, Samraoui and Menai 

(1999) on the Odonata of Algeria, Rajendra et al. 

(2000a) on benthic fauna in the Wadi Sébaou basin, 

Lounaci et al. (2000b) on the abundance, specific 

richness and structure of the communities of 

Macroinvertebrates of the Sébaou Wadi, Mebarki 

(2001) of the Benthic fauna of three hydrographic 

networks of the Kabylia rivers, Arab (2004) on the 

benthic fauna of the networks Hydrographic Chellif and 
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Mazafran, Arab et al. (2004) on the spatial and temporal 

distribution of benthic invertebrates of Chelif Wadi, 

Lounaci and Vinçon (2005) on the Pleecoptera of 

Kabylia, Lounaci (2005) on benthic fauna of the rivers 

of Kabylia of Djurdjura, Moubayed et al. (2007) on the 

Chironomidae Diptera of Algeria, Zerguine et al. 

(2009), on the Chironomidae Diptera of the northeast of 

Algeria, Yasri (2009), on the hydrobiology of the 

Hydrographic network of Mazafran, Hamzaoui (2009), 

on the benthic macrofauna of Saoura Wadi (Bechar), 

Sekhi (2010) on the macroinvertebers of Rivers Tiout, 

Hadjadj and Moghrar (Nâama) and Haouchine (2011) 

on the fauna and ecology of the macroinvertèbrés of the 

Kabylia rivers. 

With the aim of contributing to the knowledge of the 

evolution of the rivers of the Djurdjura, we contemplate 

doing an updated Hydrobiological study of the Oued 

Sébaou and one of these main tributaries the Oued 

Boubhir. It focuses mainly on faunistic data through a 

qualitative and quantitative analysis of invertebrate 

stands. Different analysis parameters will be used: 

taxonomy, stand structure. 

 

2. Study Sites, materials and methods 

 

     The Djurdjura, which is our study area, is located in 

the northern Centre of Algeria at a 100 km east of 

Algiers. It extends from the mountain ranges of 

Djurdjura (alt. max. 2308 m) to the Sébaou Valley 

(Tizi-Ouzou). It is drained by the Wadi Sébaou, the 

main waterway in the region (Figure 1). 

 

 

 
Figure 1: Geographical location of the study area.
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Unable to study all the streams extending over a 

surface of the order of 8500 Km2, our interest focused 

mainly on streams that drain the flows of the northern 

flank of the eastern part of the Djurdjura: Tirourda col, 

Boubhir and the Sébaou. 9 stations were selected 

ranging from 50 to 1200 m altitude. Their abiotic 

characteristics are summarized in table 1. They are as 

follows: 3 stations located on the Oued Sébaou: Fréha 

(FR), Tait (TA) and Candle Bridge (PB), 6 stations 

located in the subbasin of the Oued Boubhir: 1 station 

on the Oued Boubhir: BH; 1 station on Assif Illilthen: 

AI; 1 station on Assif do Ath Akter: AA; 2 stations on 

Assif Tirourda: TR1 and TR2; 1 station on Assif 

Iferhoune: IF. 

 

 

Table 1  

Abiotic characteristics of the 9 stations studied 

Stations TR1 TR2 AA AI IF BH FR TA PB 

Alt 1200 1 045 1 080 1 010 930 210 160 100 50 

Slo 14,8 13,6 19,8 16,8 9,4 1,6 1,2 0,5 0,2 

DisS 0,5 1,5 0,5 1 3 25 40 45 75 

Wid 1,5 1,5 1,5 2 3 4 10 10 10 

Dep 20 10 15 20 20 25 30 40 40 

Vel 120 110 120 80 60 40 30 20 10 

Tem 2 2 3 4 6 10 15 18 23 

Cov 100 100 100 100 75 50 50 25 25 

Aqv 0 10 10 10 20 20 30 40 40 

PG 100 95 90 90 90 60 40 30 20 

SS 0 0 10 0 0 30 40 50 60 

Oma 0 5 0 10 10 10 20 20 20 

Alt: Altitude (m), Slo: slope (%), DisS: Distance to Source (km), Wid: river width(m), Dep: water Depth (cm), Vel: current velocity (cm/s), Tem: 

Water temperature (°C), Cov: Riparian cover (%), Aqv: aquatic vegetation (%), PG: Pebbles Gravel (%), SS: Sand silts (%), Oma: Organic matter (%) 

 

Faunistic harvests were carried out during the 

months of April and May 2013 due to a month. in lotic 

environments, the quantitative sampling was carried out 

using a Surber net in shallow areas (less than 40 cm) on 

pebble, gravel, sand and silt substrates. in lentic 

environments, samples were drawn using a 30 cm 

diameter circular opening kick net. Sampling is draw in 

dredging Sandy, silty and/or muddy bottoms by making 

round trips over a distance of about one meter.  

We studied abundance, taxonomic richness, and the 

occurrence of species for each of the taxonomic groups 

in our streams. Then, we analyzed the evolution of the 

specific diversity using the Shannon – Weaver indices 

and the fairness of the 9 stations as a function of 

altitude. 

The study of the faunistic structure allowed us to 

determine the structure of benthic invertebrate 

communities and their spatial organization in the 

streams studied according to environmental 

characteristics. in order to obtain an objective 

description of the data: 

• A factorial analysis in the main component (ACP) to 

take account of the heterogeneity of environmental 

variables; 

• A factorial analysis of correspondence (AFC) to 

describe the structure of the stand; 

• A hierarchical Ascending classification (CAH) 

computed from the coordinates of the surveys on the 

axes to allow to know to what level the frequently 

associated species are connected. 

Describing the structure of the studied stand, we 

carried out a factorial analysis of the corresponding data 

sets: The 9 stations and the 44 taxa appertaining to the 

main representative groups of the benthic fauna: 

Ephemeroptera, Plecoptera, Trichoptera and Coleptera 

(EPTC). 

 

3. Results and Discussion 

 

3.1. Faunistic analysis 
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The benthic fauna of Kabylia stream, its distribution 

and ecology have long remained poorly known. The 

work of Lounaci (1987), Malicky And Lounaci (1987), 

Ait-Mouloud(1988), Lounaci-Daoudi (1996), Lounaci 

et al., 2000; (2001), Lounaci (2005); Lounaci and 

Vinçon (2005) and Moubayed-Breil et al. (2007) are the 

only data on aquatic invertebrate stands in this region. 

The present fauna study identified in the two 

campaigns of samples April and May 2013 a total of 

42831 individuals divided into 14 zoological groups (67 

families and 92 genera) in the various stations 

prospected between 50 and 1200 m Altitude. 

In the 92 taxa of benthic invertebrates, 78 taxa 

(84.78%) are insects and 16 taxa (15.21%) belong to the 

other classes or branches: Oligochaetes, Hirudinae, 

mollusks, crustaceans, Hydracariens and 

Entomobryomorphes belonging to the Class of 

Collembola. 

The best represented groups are Diptera and 

Coleoptera, with 14 and 11 families respectively. The 

Trichoptera (9 families), the Plecoptera (7 families), the 

Mollusks (6 families), the Ephemeroptera and the 

Heteroptera (5 families), the Oligochaetes (3 families), 

the Crustaceans (2 families) and finally the Hirudinae, 

the Hydracariens, The Planipennes, the Odonata and the 

Entomobryomorphes with a family. 

The size of the benthic stand shows that Diptera and 

Ephemeroptera are largely dominant, with 21 483 

individuals (50.16% of total fauna) and 12 730 

individuals (29.72% of total fauna), respectively. They 

are abundant in all stations and total about 80% of the 

harvested fauna. 

Worms, Plecoptera, Trichoptera, Coleoptera, and 

Crustaceans are moderately represented and are 

respectively: 8.18%, 2.76%, 2.8%, 2.21% and 2% of the 

benthos. 

In contrast, Mollusks, Hydracariens, Hirudines, and 

Heteroptera were poorly represented and constituted 

only 0.66%, 0.53%, 0.35%, and 0.3% of total fauna. 

Finally, the Entomobryomorphes, Planipennes, and 

Odonata are rare in our samples, respectively: 0.14%, 

0.12% and 0.04% of total fauna. 

By its relief and topography, Djurdjura Kabylia 

offers a wide variety of aquatic biotopes. The reading of 

figure 2 connected to the taxonomic richness of the 

stations studied shows that: 

• The number of taxa varies from one station to 

another and fluctuates between a minimum of 12 taxa 

recorded at the PB station and a maximum of 63 taxa 

collected at the TR1 station. 

• Mountain streams contain the most important 

taxonomic richness, with 63 taxa recorded at the TR1 

station, 56 taxa in the AA station and 43 taxa at AI 

station. These stations are characterized by shady 

pathways, fast current velocity, relatively low thermal 

amplitude and coarse pebble-dominated substrate. 

• For TR2 and IF stations, although altitude stations, 

they contain only 28 and 26 taxa, respectively. This low 

wealth is partly related to recent floods in the sampling 

period; The bottom of the stream is frequently swept by 

the abrupt variations in flow. Many forms do not 

tolerate these variations. Only suited elements most not 

to be caught, remain in nature. 

In the Piedmont and low altitude stations (BH, FR, 

TA and PB), the number of taxa harvested is relatively 

small (between 12 and 26 taxa); This is due to the 

relatively high water temperatures, the sand-dominated 

substrate, and the organic matter, adding to this the 

negative impact of anthropogenic disturbances in these 

streams. 

 

 
Figure 2: Taxonomic richness of the stations studied. 

 

3.2. Diversity and structure 

 

3.2.1. Diversity 

 

In the different stands, the patterns of variation of 

the two H' and E indices show the same allure (Figure 

3). The highest values are recorded at the level of the 

mountain streams. The AA station (Assif Ath Atsou) 

presents the highest values of the real diversity and the 

equitability: H' = 3.97 and E = 0.8, then come the 

stations TR1, TR2, AI and IF, with H' indices between 
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3.18 and 3.48 and e between 0.58 and 0.75. in these 

stations, the large diversity of habitats allows the 

development of a species-rich community with 

relatively comparable numbers. 

The Piedmont and low altitude stations BH, FR, 

TA and PB show relatively high indices. H' is between 

2.30 and 3.06. These results are likely due to the floods 

observed during the sampling period. in fact, the 

months of April and May 2013 are characterized by 

sudden and violent rains, resulting in spectacular floods. 

The velocities of the current are high resulting in an 

intense erosion and strong transport. 

The influence of discharges on the fauna of 

macroinvertebrates is manifested by the elimination of 

sensitive taxa, as is the case of Plecoptera that have 

completely disappeared at the BH, FR, TA, and PB 

stations and the outbreak of species that tolerate 

Conditions of extreme environments such as pollution 

and temperature rise. This is the case for Chironomidae 

and Beatidae who have significant numbers in all 

stations. 

The equity index in these stations varies between 

0.52 and 0.66. This means that the populations of 

macroinvertebers are in disequilibrium between them. 

These disturbances caused the development of an 

adapted fauna, numerically dominated by Diptera, 

Ephemeroptera and worms. 

 

 
Figure 3: Evolution of the Shannon-Weaver (H ') and equity (E) 

indices in the stations studied. 

3.2.2. Faunistic structure 

 

In this work, 12 environmental descriptors are taken 

into account to characterize each of the 9 stations 

studied. Analysis of correlations between different 

parameters showed that the variables are intercorrelated. 

Their correlation coefficients are highly significant 

(>0.7) and indicate that these parameters are highly 

correlated. 

The study of the environmental factors measured 

during the study period was approached by the use of 

the main component analysis (ACP). This analysis 

clearly shows in space the significant factors F1 

(AXE1) and F2 (AXE2): The relationships between the 

variables on the one hand, and the distribution of the 

stations given all their environmental characteristics. On 

the other hand. The first two significant factors take into 

account 95% of the total variance. 

The environmental structure obtained shows an 

upstream-downstream gradient of streams. The altitude 

variables (Alt), Slope (Pen), coarse substrate (GG), 

current velocity (Vit) and Edge vegetation (RIP) are 

strongly interconnected with Axis 1 in positive position, 

and well represented in the F1-F2 plane, gradually 

decreasing from Upstream downstream. 

Similarly, very related to axis I in negative position, 

the variables distance to source (Dis), depth of water 

(Pro), width of the major bed (Lar), substrate composed 

of sand, silt (SL) and aquatic vegetation (VAQ), organic 

matter (MO) and water temperature (TEM) See their 

values increase from upstream to downstream 

(Figure 4). 

The Hierarchical Ascending classification (CAH) 

carried out on the basis of the results of the ACP 

visualises well the relationships between the 

environmental variables for all the stations (Figure 5). 

The representation in space of the same F1 and F2 

factors with total cloud variability of 98% (Figure 6) 

shows an opposition between: 

The stations of high altitude (TR1, TR2, AA, AI, 

and IF) in the negative position on Axis 1, mainly 

related to the parameters: elevation above 930, high 

slope (>9.4%), coarse substrate composed of gravel 

pebbles and high current velocity, and the stations of 

Low altitude (BH, FR, (TA, PB) in positive position on 

the same axis, related to the parameters distance to 

source (high), depth of the water blade (>25 cm), width 

of the minor bed (>4 m), the nature of the substrate 

(sand, silt with presence of organic matter) and High 

water temperature. 

To describe the structure of the stand studied, we 

conducted a factorial analysis of the correspondences 

that dealt with two data sets: the 9 stations and 44 taxa 

belonging to the main representative groups of the 

Stations 
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benthic fauna: Ephemeroptera, Plecoptera, Trichoptera 

and Coleptera (EPTC). 

The results of the analysis show that the first two 

axes of the AFC alone express 53.70% of the total 

variability (Figure 7). 

The point cloud Projection on Axis 1 shows that the 

faunistic readings are ordered according to their 

location on the streams in a progressively upstream-

downstream gradient. 

• The macro-benthic settlement of the elevation 

zones, in positive position on Axis 1 (Group 1), is 

characterized by a certain heterogeneity of the fauna 

structure and biological characteristics: it clearly 

opposes the stand of Low altitude, in a negative position 

(Group 2), which also shows a certain homogeneity. 

• Axis 2 appears to represent a factor of 

specialization. It makes it possible to contrast the 

stenotypes taxa, in a positive position that show a 

stronger affinity for the TA station, the low-elevation 

eurythermal stand. 

 

 

  
                                   

                                    Figure 4: ACP representing the distribution                             Figure 5: Dendrogram visualizing the relationship 

                                                      of environmental parameters.                                                      between environmental variables. 

 

 
 

Figure 6: Factorial analysis of correspondences realized on 9 stations and 9 environmental parameters. 

Fact 1: 31.5% inertia  Fact 2: 20.6% inertia 
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Figure 7: Distribution of the affinity of the EPTC and the stations in the factorial plan F1× F2 

 

The results of this study show that organisms are not 

randomly distributed in different habitat types. Stony 

substrates exhibit more specific fauna and are colonized 

by a greater number of taxa. This is probably related to 

the fact that this substrate is a heterogeneous and 

complex environment, offering a greater diversity of 

nooks for organisms.  

This is the case of group 1, which presents a 

procession of stenotherm species mainly populated by 

small rivers above 900 (stations AA, AI, TR1, TR2 and 

IF). These species exhibit a higher affinity for coarse 

substrates (boulders, pebbles, gravels) and a net trend in 

Rheophile. 

The Stenotypes species that would characterize the 

stations are: AA (Cop: Coplateus, Aga: Agapetus, Eph: 

Ephemera), AI (Rio: Riolus, Ber: Berosus, Dry: 

Dryops), TR1 (Chl: Chloroperla, Hydv: Hydrovatus, 

Hyg: Hygrobia), TR2 (Coe: Coerostoma, Psy: 

Psychomiya), IF (Allo: Allotrichia). 

Group 2 is composed of eurythermal species that 

would characterize low elevation habitats (TA station, 

BH, FR, PB). It is less rich and less diversified than the 

previous one. It is correlated with low-elevation 

parameters, low slopes, substrate marked by fine 

particle size and abundance of aquatic vegetation. The 

species that compose it, usually unabundant and 

infrequent, are well known for their thermophilic 

character and their development in the habitats rich in 

organic matter: TA (Hydb: Hydrobius, Rha: Rhantus, 

Dyt: Dytiscus, Aul: Aulonogyrus, Brac: Brachycerus), 

BH, FR and PB (Cae: Caenis, Lac: Laccophilus, Pel: 

Peltodytes, Och: Ochthebius, Limb: Limnebius). 

The species with broad ecological amplitude, 

usually very frequent, very abundant and representative 

of the streams studied are not represented in Figure 8, it 

is: Acentrella, Beatis, Centroptillum, Hydraena, 

Hydropsyche. 

 

4. Conclusion 

 

The limnofauna identified in this work consists of 

42 831 individuals belonging to 14 zoological groups 

and 92 genera. They are collected at 9 stations located 

between 50 and 1200 m above sea level. 

Analysis of the stand structure of the studied streams 

shows that the elevation zones are the most diversified. 

Favorable ecological conditions and the wide diversity 

of habitats have resulted in the development of a 

species-rich and fairly balanced benthic community, 

which shows that the environment is not disturbed and 

that the benthic stand could have kept some originality. 

On the other hand, the areas of Piedmont and low 

altitude are moderately diversified, due to the negative 

impacts of the various anthropogenic activities: 

accumulation of domestic waste, artisanal collection of 

sand and gravel, intensive agriculture and abusive water 

pumping, added to this the intense precipitation which 

after floods makes that the samples much poorer in 

individuals and taxa. 

The various indicators used, namely the specific 

richness, the diversity index and the equitability index, 

allowed the descriptive study of the structure of the 

stand. 

The Shannon and Weaver index showed significant 

diversity in all the stations studied, the values range 

from 2.3 to 3.97. 

The equitability index reveals that the taxa are 

unbalanced among themselves because the majority of 
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the stations exhibit various disturbances that led to the 

proliferation and development of tolerant and polluo-

resistant species (Chironomidae, Beatidae) and the 

decrease or squarely to the disappearance of Polluo-

sensitive taxa (Plecoptera, sheath Trichoptera). 

The study of environmental factors carried out by a 

main component analysis (ACP) showed the existing 

relationships between the stations and the 

environmental parameters. 

The spatial distribution of species is specified 

through a factorial analysis of correspondence (AFC). 

The hierarchical ascending classification allowed to 

individualize affinity groups between the stations on the 

one hand and the EPTCs species on the other. 
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Abstract 

 

Araneids (Arthropods, Arachnids) are one of the most abundant predatory groups in the terrestrial ecosystems and can play an 

important role in suppressing agricultural pests. They are sensitive to the vegetation’s changes and play an important role in the 

functioning of the agroecosystem. These semi-natural environments harbour a well-adapted terrestrial fauna, which maintain generally 

a trophical order. A monthly study of spiders was carried out over a year at the Technical Institute of Great Crops (TIGC) in Oued 

Smar (Algiers). Six plots (1.5 hectare each) were chosen and selected according to the height of species vegetation cultured:  Durum 

wheat plot, Oilseed rape plot, soft wheat, two plots with clover and one uncultivated plot. At each plot, six pitfalls traps were used to 

harvest the spiders. They were plastic bottles, dug in a straight line with an interval of 1 m at least. A total of 600 individuals were 

collected: 303 males, 116 females and 181 juveniles. They belong to 18 families, 36 genera and 46 species. Diplocephalus graecus is a 

species who dominates with 145 individuals. Specific diversity differs between plots. The diversity gradually increases with vegetation 

height, and a significant correlation exists between the abundance of spider and the height of species vegetation cultured in this 

agroecosystem. The vegetation cover provides favorable habitats to the life of Araneids species living in such environments. 

Keywords: Spiders; Specific richness; Diversity; Vegetation; Agroecosystem. 

1. Introduction 

 

The Araneae form a large order from soil fauna. 

They are part of the above ground fauna and they are 

very diverse within the class Arachnida. These are top 

predators in terrestrial ecosystems in abundance and 

diversity. They can be important predators of pests in 

agricultural landscapes (Sunderland & Samu, 2000). In 

Algeria, the Spiders have been the subject of several 

ecological and systematic researches in different 

ecosystems, but for the agro-ecosystem, studies are very 

rare. These semi-natural habitats are home to this order 

very suitable and vegetation factor is most characteristic 

in such habitats (Lacost and Salanon, 2001). Our work 

consists to study the relationship between the 

distribution of populations of this zoological group 

chosen and the height of the plant species cultivated. 

Our study was conducted in the experimental station 

of the Institute of Technical Crops, which has an area of 

47 ha. It is located at a distance of 20 kilometers from 

the province of Algiers, in the commune of 

Oued Smar, daïra El Harrach 1  and in a place called 

 
1 District 

“Beaulieu”. It has the following Lambert coordinates: 

latitude 36°43' north and longitude 3°84' east.  

Our study area has a dry period from late May to 

early October. Stations were chosen in response to 

certain criteria primarily related to initial objectives and 

the problem of our research. They are six in number and 

are named alphabetically (Figure 1). 

 

 
 

Figure 1: Location of the six study stations at IGC level 
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2. Materials and methods 

 

The spiders were captured by the Barber traps 

(Barber, 1931) since it is the method most used and 

most ideal in ecology. She is known for its efficiency, 

its simplicity, and not only to reap the Arachnids but 

also other active soil fauna. This trap consists of a 

simple plastic pot filled to a third of formalin diluted to 

4% that can drown the trapped people and keep them 

until the next statement. According to Obrtel (1971), 

five pots were sufficient to reap the monthly different 

zoological groups that exist in a station. In our study, 

six traps were placed and that in order to reap the 

maximum individuals. The contents of each pot are 

raised and emptied monthly during an annual cycle in 

plastic bags. These bags bear labels where the date is 

noted, the trap number and station on which each trap 

has been listed. This is repeated in the same way for all 

the pitfalls of the various stations. 

The collected material is sorted then determined 

using a dissecting microscope and following different 

key determination, we first determine the different 

families and genera and species. Key dichotomous most 

used for determination are: Ledoux and Duck (1981), 

Roberts (1985), Heimer and Nentwig (1991); Grimm 

(1985), Jocqué (1991) Bosmans (2001), and Abrous-

Bosmans (1992), and Beladjal-Bosmans (1997). 

To evaluate biodiversity changes observed in our 

study, we use the concept of species diversity, measured 

by the index of Shannon-Weaver (1949) which is one of 

the indices used to measure species diversity.  

 

3. Results  

 

3.1. Composition of captured fauna 

Our sampling results contains 992 individuals with 

14.86 % belong to the class Arachnida, the rest (5683 

individuals or 85.13%) belongs to all other taxa (Figure 

2). 

 
Figure 2: Relative abundance Arachnid compared to other zoological 

groups 

 

We note that at the level of Arachnida, order 

Araneae dominates with 60.40% (represented by 600 

individuals), followed by the order of Opilions with 

29.49 and finally comes the order Acarina with the 

lowest percentage with only 10.10% (Figure3). Two 

other levels of the class Arachnida (Pseudoscorpions 

and Scorpions) are absent in our samples. 

 

 
Figure 3: Relative abundance of different orders of the class of 

Arachnid 

 

A total of 600 individuals belong to the family of 

Spiders were collected, among them, 303 individuals 

are adult males, 116 individuals are adult females and 

181 individuals are juveniles (Figure 4). This work 

force is spread over 18 families, 36 genera and 46 

species. 

 

 
Figure 4: Relative abundance of Spiders (males, females and 

juvenile). 
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3.2. Study of the stational composition 

 

Our study the harvest of 18 families and 

Liniphiidae are most abundant with 251 individuals 

belonging to 11 species. This family is not located 

randomly in the fields; it follows the distribution of 

potential prey (Harwood et al, 2001). The latter has a 

power of expansion in various terrestrial (Bonte et al, 

2002). Diplocephalusgraecus (Lyniphiidae) is dominant 

with a staff of 145 found in all study sites, it is a species 

that respond in a variety of habitats such as semi-natural 

ecosystems (Bonte et al, 2002).  

It dominates slightly in the station E with 46 

individuals; this can be explained by the presence of a 

large canopy because the habitat structure has a major 

influence on the distribution and abundance of 

Arachnids. The latter has the distinction of moving 

several miles by the “ballooning” (Schmidt and 

Tscharnitke, 2005), is what allows him to move across 

the field where we conducted our study. The weaver 

spiders are very dispersive and they feed on Arthropods 

highly mobile groups. Trochosa (Lycosidae) with 61 

individuals (14.55%) and Araeoncus (Lyniphiidae) with 

50 individuals. The Lycosidae do not spin webs, but 

hunt in jumping on their prey. 

 

3.3. Variation of the Spiders rates depending on 

the vegetation height 

 

Our study shows a relationship between the 

abundance of species and vegetation height in the 

selected stations. Abundance is maximum is as high 

vegetation. In fact, habitat structure affects species 

richness whereas production patterns will impact on the 

abundance, organic agriculture (vegetation) that have 

the most positive impact on spiders and thus favoring 

the control of crop pests (Schmidt et al., 2005). 

 

3.4. Synecological study 

 

3.4.1. Species richness 

 

A total of 40 species were collected in all stations. 

The Spiders are moving in the site where prey is the 

most frequent and where conditions are favorable. 

Species abundance is proportional to the distribution of 

species richness in each station. The largest abundance 

is recorded at the station F with 106 individuals, this 

may be related to the height of the plant species and 

variety and also the absence of herbicide uses at this 

station (Table I). The diversity of grass height provides 

greater richness of spiders (Dennis et al, 2001). 

Low abundance is recorded in station A with only 

46 individuals. The latter is characterized by the 

presence of a single plant species cultivated and whose 

height is relatively low, it is characterized by a large 

agricultural practice. 

We note that there is a variation of the overall 

richness in the various stations (Table I and Fig. 05). 

This variation can be explained both by the conditions 

in each station and the vegetation height. 

Table I 

Species richness and abundance of species in each study site during the year of study 

(S: Species richness, A: Abundance, H. Moy: height of vegetation). 

Stations 

Parameters 

Station  

A 

Station  

B 

Station  

C 

Station  

D 

Station  

E 

Station  

F 

S 14 17 18 13 16 17 

A 46 99 47 49 72 106 

H. Moy 31 47 44 45.5 30.5 33 
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Figure 5: Change in species richness in terms of vegetation height  

 

3.4.2. Species diversity and equitability 

 

The Shannon and Weaver diversity index (H’) of 

our six study sites varies between 1.24 and 2.31. The 

highest values were found at stations C and D 

respectively 2.31 and 2.06 bits/individual (Table II). 

 

 

Table II 

Values of the Shannon-Weaver index (H’), specific diversity (S), maximum diversity 

(H max) and equitability in the study sites. 

 Station 

A 

Station 

B 

Station 

C 

Station 

D 

Station 

E 

Station 

F 

H’ (bits /individu) 1.87 1.88 2.31 2.06 1.24 1.94 

S 14 17 18 13 16 17 

H max 2.63 2.83 2.89 2.56 2.66 2.83 

E 0.71 0.66 0.79 0.80 0.46 0.68 

 

Stations C and D have a very high homogeneity. 

They are occupied respectively by rapeseed and durum 

wheat that reach a maximum height during the summer 

and they are characterized by a rare intervention by 

farmers that is to say that they are rarely crowded. The 

greater the diversity, the higher trophic links between 

the various components of a biocoenos is complex. The 

lowest value of H’ is stored in the station E with 1.24. 

This can be explained by the presence of an imbalance 

in the stand, so the distribution is not the same because 

of the presence of a dominant species. 

 

 
 

Figure 6: Changes in the diversity index (H’) and equitability index (E) in the study sites 
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4. Conclusion 

 

Our work done on the stands of Araneae 

(Arthropoda, Arachnida) in six selected stations in an 

agroecosystem showed the relationship between this 

zoological group and the height of the cultivated 

vegetation. 

The largest values of vegetation heights are 

recorded during the dry season, and it is the season 

where we found the maximum of individuals of Spiders. 

The rest of the year is characterized by vegetation 

whose height varies between species cultured. Our 

study has been completed to the limit of our sampling, 

harvesting 600 individuals including 419 adults and 181 

juveniles. The mature individuals are composed of 303 

males and 116 females; they belong to 18 families, 36 

genera and 46 species. 

Comparison of abundance and species richness of 

each station with vegetation height shows that it 

increases proportionally with it. Stations with 

vegetation height is low are fewer wealthy stations in 

cash. The nature of the vegetation is important but the 

height of the latter is even more because it shows a 

direct relationship with biodiversity in an agricultural 

ecosystem. 
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Abstract 

Wadi El-Abiod is one of the Algerian rivers located on the southern side of the eastern part of the Saharan Atlas in semi-arid and 

Saharan bioclimatic (Batna and Biskra: Algeria) between 35°16’56” and 34°50’52’' north latitude; 06°31’55” and 05°55’06” east 

longitude. Like all Mediterranean rivers, characterized by irregular flow and severe low flows. During the summer, the draining of the 

Wadi generally lasts six months, it can be explained either by the effects of the drought or by the effect of the irrigations. The best 

represented groups are Diptera and Coleoptera, respectively 13 and 9 families. Next are Trichoptera (7 families), Ephemeroptera (6 

families), Mollusca and Odonata (5 families), Oligochaeta, Heteroptera and Achaeans (3 families), Crustaceans, Hymenoptera, 

Nematoda and Hydra-Carians (1 family). The benthic population showed that Diptera and Ephemeroptera are the most abundant, 

accounting for 44.92% (6144 individuals) and 37.18% (5086 individuals) respectively of the total fauna. They are present practically at 

all stations and during all sampling campaigns. Trichoptera, Coleoptera and Mollusca occupy the 3rd, 4th, 5th, respectively, in order of 

numerical abundance. They account for 12.86% (1732 individuals), 3.22% (434 individuals) and 1.12% (154 individuals), 

respectively. The other groups are weakly represented. The analysis of the distribution of harvested fauna revealed their great diversity 

in heterogeneous stations characterized by relatively high temperatures, moderate speed, heterogeneous substrate with pebbles and 

stones, and abundant aquatic vegetation. The reduction in the number of species harvested at other stations is due to the negative 

impact of anthropogenic disturbances, low temperatures and high thermal amplitudes 

Keywords: Wadi; Diversity; Macro-invertebrates; Distribution 

1. Introduction: 

 

Studies of benthic fauna and its ecology are of 

paramount importance in understanding the functioning 

and management of natural systems and in assessing the 

ecological health status of hydro systems (Bebba, 

2017). 

In Algeria, aquatic stands are facing a major 

ecological problem linked to the summer drought. The 

freshwater surfaces, lakes and rivers, occupy only a 

very small part of the national territory, especially in 

summer, the level of these waters diminishes (low water 

level) to become null (Arab, 2004). 

Macro-invertebrates are an essential element in 

freshwater ecosystems because of their diversity, 

abundance and role in nutrient cycling. However, they 

actively participate in the transformation of organic 

matter (decomposition of leaves, wood ...) (Ben Moussa 

et al. 2014). Micro-distribution studies are essential 

because benthic invertebrates in running water have an 

overall extreme spatial distribution (Scrimgeour et al. 

1993), aquatic macro-invertebrates tend to exploit all 

the available micro-habitats on the substratum and in 

the emergent and/or submerged aquatic vegetation. The 

establishment of each species in a biotope is governed 

by a complex of factors, physico-chemical, 

environmental, biological and ecological (Mebarki, 

2017). 

The Aures region, despite its importance from a 

climatic point of view, and its large area is very rich in 

rivers. Unfortunately, very few studies have been 

devoted to their ecology and the biology of the living 

organisms that colonize them. 

The objective of this work is to study the 

distribution of benthic macroinvertebrates in a river of 

the Aures (Wadi El-Abiod) and the relationships 

between the environmental characteristics and this 

distribution. 

 

2. Materials and Methods 
 

2.1. Study Area 

 

Wadi El-Abiod is located between 35°16’56”, 

34°50’52” North latitude and 06°31’55”, 05°55’06” 

East longitude, on the southern slope of the eastern part 

https://creativecommons.org/licenses/by/4.0/
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of the Saharan Atlas, according to the hydrographic 

division in force in Algeria, this watershed is annexed 

to the watershed of Chott Melghir. 

It takes its source in the Aures, formed by the union 

of the torrents descending from the steep slopes of 

Chelia (2326 m) and Ichemoul (2100 m After crossing 

Tighanimine, it settles in the canyons of Ghoufi and the 

gorges of M'chounèche, then opens a way towards the 

Saharan plain to the gorges of Foum El Gherza (Krimil, 

2009). It travels 121 km but our study area was limited 

to a length of 74.57 km (figure 1). 

 

 

Figure 1: Geographical situation of the area 

From upstream to downstream, we selected 9 

stations (Table 1) considering many criteria such as the 

objective of the study, the accessibility to the stations, 

the presence of pollution sources and the environmental 

parameters (altitude, riparian, vegetation, nature of the 

substrate. 

Table 1 

Geographical locations, and the morphometric characteristics of the stations 

Stations Code 
Altitude 

(m) 
Latitude N Longitude E 

Medium 

wide (m) 
Medium 

depth (cm) 
Substratum Shady 

Station 1 M1 1370 35°17’07’’ 06°32’19’’ 3 10 Silt, Sand Pebbles -- 

Station 2 E1 1360 35°16’56’’ 06°31’55’ 2,50 15 Blocks, Pebbles stone -- 

Station 3 M2 1355 35°16’59’’ 06°31’51’’ 5 15 Silt, Sand, Pebbles -- 

Station 4 E2 1350 35°16’58’’ 06°31’50’’ 2,80 20 Pebbles ++ 

Station 5 E3 1230 35°16’15’’ 06°27’22’’ 3 30 Silt, Sand, Pebbles -- 

Station 6 E4 761 35°06’45’’ 06°13’56’’ 7 20 Silt, Sand, Pebbles, blocks -+ 

Station 7 E5 761 35°03’04’’ 06°09’51’’ 8 30 Pebbles +++ 

Station 8 E6 323 34°57’20’’ 06°00’26’’ 12 50 Blocks, Pebbles, Stone -- 

Station 9 E7 129 34°50’52’’ 05°55’06’’ 15 55 Muddy ++ 

(--: null; -+: low; ++: important; +++: very important) 
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2.2. Climatic characteristics: 

 

Wadi El-Abiod is divided between two regions 

with different climates: the Batna region, which is 

characterized by a semi-arid to temperate winter climate 

and a dry period extending from mid-May to early 

November. And the region of Biskra, which is a region 

with a Saharan climate in hiver hot, whereas the dry 

period spreads throughout the year (ONM, 2015). 

 

2.3. Macroinvertebrates sampling: 

 

Monthly sampling was carried out over a period of 

one year: March 2014 to February 2015. Those from 

July and August were not carried out because of the 

drying up of the watercourse. In each station, we sample 

the benthic fauna by carrying out 8 samples on surfaces 

of 1/20 m2, carried out in 8 distinct habitats. Each 

habitat can be characterized by the velocity of the water 

- substrate (nature of the bottom). Sampling takes place 

with a Surber sampler with a surface area of 1/20 m² 

(20×25 cm) and a mesh opening of 250 μm. The 

collected samples are transferred to plastic boxes and 

then stored and fixed with formalin diluted to (5%) and 

then sorted and identified in the laboratory using the 

keys of determination using the determination key 

(Tachet et al, 2010) 

 

3. Results and discussion 
 

3.1. Taxonomic richness: 

 

The sampling carried out at the level of the El-

Abiod Wadi raised 13678 individuals from 58 families. 

From the point of view of taxonomic composition, 

insects are the taxonomic group that dominates the 

stands (98.46%). Mollusca are moderately represented 

(1.13%). Other groups are weakly represented: 

Oligochaetes (0.25%), Nematoda (0.07%), Huridina 

(0.06%), Crustaceans (0.02%) and Hydracarians 

(0.01%) (Figure 2). 

 
Figure 2: Proportion of different taxonomic groups identified. 

Temporal variations show a taxonomic richness of 

the benthic populations in April, May and June with 26, 

30, 30 taxa respectively (Figure 3). A slight decrease in 

wealth is observed in other months with a low wealth in 

February (14 taxa). The increase in wealth from April to 

May is due to a very favorable period for the 

development of the fauna (speed of the fast current, 

important aquatic vegetation, favorable temperature, life 

cycle. 
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Figure 3: Taxonomic richness of stations. 

The number of taxa varies from one station to 

another (Figure 4). It fluctuates between a minimum of 

5 taxa collected at the Medina2 station and a maximum 

of 30 taxa collected at the Tifelfel station. In the latter, 

the Bottomis constituted by a diversified 

(heterogeneous) substrate therefore a multiplicity of 

microhabitats and an important aquatic vegetation. The 

filamentous algae are well developed, reflecting a high 

nutrient loading, favorable conditions for the 

development of a diversified fauna. Unlike the latter, 

Medina2 is disturbed by anthropogenic activities, it 

receives wastewater from homes, most taxa are pollu-

resistant such as Chironomidae. 

 

 

 
Figure 4: Taxonomic richness of months 

 

3.2. Insecta 

 

The fauna inventory is dominated mainly by 

Insects (98.46%) with 13 468 individuals. Among these 

Insects, the order of the Diptera is well represented with 

45.62% (6144 individuals), followed by Ephemeroptera 

37.76% (5086 individuals), Trichoptera 12.86% (1732 

individuals), Coleoptera 3.22% individuals), 0.33% 

Odonata (45 individuals), 0.19% Heteroptera (26 

individuals) and Hymenoptera with only 0.01% (one 

individual) (Figure 5) 

 

Figure 5: Proportion of different orders of insects recorded. 
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3.3. Other groups 

Diptera is the most representative zoological group, 

with 6144 individuals, belonging to 13 families. They 

represent 45.62% of all harvested insects (Table 2). The 

elements of this order have not only a wide altitudinal 

distribution but also a great capacity to colonize various 

polluted or unpolluted biotopes (Moubayed, 1986).  

Ephemeroptera is the second abundant zoological group 

with 5086 individuals divided into 12 genera belonging 

to 6 families. They represent 37.76% of all insects 

harvested. The larvae of Ephemeroptera are very 

abundant in running water. They often occupy the main 

biotopes of torrents, streams and rivers (Bebba et al., 

2015). The order of Coleoptera is well represented and 

constitutes the most diversified group. A total of 15 

genera belonging to 9 families was inventoried. 

Hymenoptera, Crustaceans (Gammaridae) and 

Hydracarians are the least diverse group with only one 

family and one genus. According to Haouchine 2011, 

Gammaridae prefer freshwater habitats flowing on a 

coarse substrate (pebbles, blocks) and rich in plant 

debris 

Table 2 

Number of individuals, families and genus 

Zoological group 
Numbers of 

individuals 

Numbers of 

families 

Numbers of 

genus 

Diptera 6 144 13 6 

Ephemeroptera 5 086 6 12 

Trichoptera 1 732 7 9 

Coleoptera 434 9 15 

Odonata 45 5 6 

Hemiptera 26 3 3 

Hymenoptera 1 1 1 

Mollusca 154 5 9 

Oligocheta 34 3 3 

Nematoda 9 1 0 

Hirudina 8 3 3 

Crustacean 3 1 1 

Hydracarians 2 1  

Total 13 678 58 68 

 

 

 

 

3.4. Correspondence Factorial Analysis (CFA)1 

To describe the structure of the fauna studied at 

Wadi El-Abiod, we carried out a Correspondence 

Factorial Analysis (Figure 6). This CFA was carried out 

on a matrix of the basic data (09 stations x 13 faunistic 

groups). The CFA has given a circle whose two axes 

account for 82.29% of total inertia (43.63% for axis 1 

and 38.67% for axis 2). This projection shows that:  

 

 
Figure 6:  Projection of taxa according to the stations (CFA). 

 

According to the axis F1, which has the maximum 

information (43.63%), we note that in its positive part, 

the Group 1 gathers the downstream station (E7), 

where we find groups that live in stagnant water, on 

immersed plants (Heteroptera, Odonata, Hymenoptera, 

Coleoptera, Mollusca and Nematoda), while for its 

negative, part we observe that the Group 2 gathers 

together the stations (M1, M2, E3 and E4), where we 

meet only the groups of the Diptera and Oligochaeta 

which represent a pollu-resistant group. 

According to axis F2, Group 3 brings together the 

stations (E1, E2, E5, E6) where we meet the groups 

with large ecological valence (Trichoptera and 

Ephemeroptera) which are more or less pollu-resistant 

and the Hirudina, Hydracarians and Crustaceans who 

prefer the fresh waters flowing on a coarse substrate 

(pebble) rich in plant debris 

 
1 A descriptive multivariate statistical method 
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4. Conclusion 

The sampling carried out at the level of the El-

Abiod Wadi raised 13 678 individuals from the insects 

are the taxonomic group that dominates the stands 

(98.46%). The remaining groups represented 1.54% of 

the total fauna. A total of 58 families of 

macroinvertebrates were recorded in the study stream. 

Insecta was the most diverse class with 7 orders and 45 

families.  Diptera and Ephemeroptera were the most 

abundant orders with 6144 and 5086 individuals 

respectively.  They were the most common groups, 

being present on all sampling occasions.   

The taxonomic richness of the Wadi depends on the 

ecological conditions at each station; it is all the higher 

because the biotope is heterogeneous and less 

influenced by anthropogenic activities. 
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Abstract 

Collagen is an important constituent when the physical properties of meat are considered. In view of the fact that factors affecting 

camel meat toughness are not fully understood and the possibility that they could influence marketing of camel meat. A total of 

twenty-three camels (age range: 4 months-15 years) from both sexes and belonging to Sahraoui and Targui breeds were slaughtered 

following the normal abattoir procedures in Ouargla (Algeria). Samples of Longissimus dorsi muscle were collected and the collagen 

content was determined. Mean value was 2.20±0.27 % on fresh matter. A high value of the collagen content was recorded in animals 

more than 8 years old compared to adults’ animals from 0 to 4years old (p=0.024). The difference between the breeds was not 

significant (2.13 vs. 2.39 % in Sahraoui and Targui breeds, respectively). Females meats had significantly higher values than that of 

the males (4.77 vs. 1.82%).  

Keywords: Camel; Collagen content; Meat; Gender; Breed; Longissimus dorsi 

 

1. Introduction 

 

Dromedary camel is one of the most important 

domestic animals in arid and semi-arid regions as it is 

equipped to produce high quality food at low costs 

under extremely harsh environments compared to other 

animals (Yagil, 1982; Yousif and Babiker, 1989). It is a 

good source of meat in areas where climate adversely 

affects the efficiency of production of other animals 

(Kadim et al., 2006). Moreover, camel meat has low fat 

content and is rich in some healthy nutrients (Sahraoui 

et al., 2014). Few studies performed on camel meat 

(Babiker and Yousif, 1990; Kadim et al., 2008) 

suggested that the quality of camel meat is comparable 

to beef if animals are slaughtered at comparable ages, 

whereas, physicochemical and textural characteristics of 

camel meat have not been fully exploited. 

The texture of meat mainly depends on 

zootechnical parameters such as breed, age and sex 

(Huff-Lonergan and Lonergan, 2005), and on 

anatomical characteristics such as type of muscle 

(Zamora, 1997). Structure of collagen and elastin is a 

significant factor that affects meat texture (Takagi et al., 

1992). Hydroxyproline is a major component of the 

protein collagen, comprising roughly 13.5% of 

mammalian collagen. Hydroxyproline and proline play 

key roles for collagen stability. They permit the sharp 

twisting of the collagen helix (Szpak, 2011). To our 

knowledge, the connective tissue composition of meat 

is unknown in Algeria. The aim of this study was thus 

to measure the levels of collagen in the meat from 

camels belonging to Algerian population. 

2. Materials and Methods 

2.1. Animals and muscle sampling 

 

Twenty-three Algerian camels, aged between 4 

months and 15 years, fattened by local camel herders in 

Ouargla (Algeria), were selected and slaughtered 

following the normal abattoir procedures. The samples 

of Longissimus dorsi muscle were removed from each 

carcass within 1-hour post-slaughter. Muscle samples 

were cut cylindrically (5 cm diameter and 10 cm 

length). Samples were sealed in plastic bags and 

transported to the Faculty of Veterinary Medicine, 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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University of Liege, in an insulated box filled with ice, 

where samples were packed and stored at –18°C until 

analysis in the Laboratory of Food Science. 

 

2.2. Chemical analysis 

 

2.2.1. Hydroxyproline estimation 

 

The hydroxyproline (OH proline) content in meat 

was determined according to ISO 3496 method 

performed by ISO 3496 (1994). Briefly, 6 to 7 grams of 

fresh meat sample was hydrolysed with 8, 4 N sulfuric 

acid for 16 h at 105°C. Hydrolysate was filtered, and 

solution was diluted to volume with distilled water. One 

milliliter of hydrolysate was pipetted into a 100 ml 

volumetric flask and filled to mark with H2O. Two 

milliliters of colour reagent was added and mixed. Tube 

was then placed in a water bath at 60°C for 20 min, then 

cooled to room temperature and absorbance measured. 

A standard calibration curve was carried out from OH 

proline proanalyzer at concentrations ranging from 0.25 

to 3.2 μg.mL-1. The calibration line related optical 

density to concentration of OH proline expressed in 

μg/mL. The OH proline content in the collagen being 

considered as 12.5%. The collagen content was 

calculated from hydroxyproline content using the 

coefficient 8 

 

2.2.2. Statistical analysis  

 

The Statistical analysis was performed on Statistica 

10®, Statsoft, USA. The collagen concentrations were 

compared by age groups, gender and breed using the 

Student t-test or ANOVA1 procedure. Differences were 

considered significant at p≤0.05 level. The data was 

expressed as % in fresh meat. 

3. Results 

Our results showed that the mean collagen content 

in meat was 2.20±0.27 %, with maxima value of 6.27% 

and minima value of 1.26%. Regarding to age, the 

results showed that higher collagen content was 

recorded in animals over than 8 years, when compared 

to animals between the age of 0 to 4 and 4 to 8 years 

 
1 “Analysis of Variance”:  Statistical analysis tool 

age groups (p=0.024; Table 1). A strong gender effect 

was observed on collagen content. Significantly higher 

collagen content was measured in females compared to 

males (Table 2). By contrast, no significant difference 

in total collagen content in meat was observed between 

Sahraoui and Tergui breeds (Table 3). 
 

Table1 

Effect of age on collagen content (Mean±SD) in Algerian camel’s 
meat 

 [0-4[ years [4-8[ years >8 years p>F 

N 15 3 5  

Collagen % 1.67a±0.19 2.05a±0.20 3.51b±0.97 0.024 
a : différence significative ; b :différence non significative 

 

Table 2 

Effect of sex on collagen content (Mean±SD) in Algerian camel’s 

meat 

 Males  Females p>F 

N 20 3  

Collagen % 1.82±0.13 4.77±1.08 <0.001 

 

Table 3 

Effect of breed on collagen content (Mean±SD) in Algerian 

camel’s meat 

 Sahraoui Tergui P 

N 17 6  

Collagen % 2.13±0.36 2.39±0.21 0.66 

 

4. Discussion 

 

Collagen is the most abundant mammalian and 

avian protein and is found in all tissues, particularly 

skin, tendon, and bone (McCormick, 1999) but there is 

little data on camel’s collagen content as reported by 

Kadim et al. (2013) and very few studies have explored 

the collagen content in camel meat (Babiker and Yousif, 

1990). Our results showed that the mean collagen 

content in meat camel was 2.20±1.26%. Hadi et al. 

(2012) reported largely lower total collagen content in 

camel meat, with values ranging from 1.67 to 2.03 mg/g 

of meat for Longissimus dorsi and Psoas major muscles 

from one humped male camel. Kamoun et al. (1995) 

indicated that the total collagen content was 3.3 to 

7.5 mg/g in six major muscles. Nevertheless, Babiker 

and Yousif (1990) indicated that the total collagen 

content is greater in camel Longissimus dorsi than in 

Semitendinosus or Triceps brachii, possibly due to the 

morphological requirement for stabilizing the hump 

attached to the Longissimus dorsi. Numerous 
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investigations have determined total and insoluble 

collagen contents in bovine meat (Torrescano et al., 

2003). However, Torrescano et al. (2003) reported that 

total collagen content of bovine muscles showed a wide 

range of values (0.31 to 1.15%). Mamani-Linares and 

Gallo (2013) indicated that soluble collagen was only 

1.28 mg/g (20.28% of total collagen content) in llama 

Longissimus lumborum muscle. Other studies have 

reported that texture of meat fibers, aggregation and gel 

formation in bovine meat mainly depend on 

myofibrillar and sarcoplasmic proteins, on 

characteristics of animal such as breed, age and sex 

(Huff-Lonergan and Lonergan, 2005), on anatomical 

characteristics such as type of muscle, and on collagen 

solubility (Zamora, 1997). Tenderness of meat is rated 

as the most important quality attributed by the average 

consumer and appears to be sought at the expense of 

flavor or color (Lawrie, 1979). The most marked 

difference in meat quality characteristics between camel 

and other livestock is believed to be tenderness. Camels 

are usually slaughtered at the end of their productive 

life (>10years) which is the reason that camel meat is 

classified as a low-quality meat. For age, we observed 

that higher collagen content was recorded in animals 

over than 8 years, when compared to animals aged 

between 0 to 4; and, 4 to 8 years. The same observation 

was made by Kadim et al. (2006) who suggested that 

male camels should be slaughtered between one to three 

years of age. Kadim et al. (2008) reported that Warner-

Bratzler shear force (WBSF)2 values in 5 to 8 years old 

camels were significantly higher than 1 to 5 years old 

ones. Increase in toughness due to age may be related to 

changes in muscle structure and nature and quantity of 

connective tissue in the meat (Kadim et al., 2014). The 

collagen content of muscle increased from 18 to 20% 

between 9 and 13 months of age; above 13 months, 

muscles had lower variations in content. The gradual 

decrease in solubility of collagen would explain the 

decrease in meat tenderness with age of animal. 

However, Duarte et al. (2011), reported that total 

collagen content in muscle does not increase 

significantly with physiological maturity in cattle; 

however, collagen solubility is correlated with dental 

maturity since meat from animals with 2 and 4 

permanent incisors has greater collagen solubility 

 
2 Texture analysis method for tenderness 

compared to that of animals with 8 permanent incisors. 

Intermolecular crosslinks present in collagen found in 

muscle of young animals are unstable to heat but these 

links are converted into complex structures as the 

animal ages, becoming thermostable (Robins et al., 

1973), tending to make the meat less tender. 

Nevertheless, the total collagen level was found to be 

higher in females (Table 2). Abdelhadi et al. (2015) 

indicated that OH proline contents did not differ 

between male and female camel. Total collagen values 

decreased in the strong male lambs, while soluble 

collagen did not vary significantly. The influence of 

gender on connective tissue is reported and refers to 

content and solubility of collagen. Collagen content is 

observed to be higher among males than in females. 

The collagen content of females is close to that of 

castrated males. Collagen solubility is similar in 

castrated males and females; It was low in all males 

(Monin, 1991). These differences are corresponding 

with the animal’s age, since they are relatively poor in 

young animals and then increase with age (Kopp, 

1982). Collagen content also decreases with muscle 

development, it is linked with physiological period 

among genotypes, which can also contribute to 

differences in tenderness (Renand, 1988). When 

reported to the breeds, no significant difference was 

observed between total collagen content in meat. Al-

Owaimer et al. (2014) reported that cross sectional area 

of muscle fibers did not differ between the animal’s 

breeds. Though, in the literature, many authors have 

reported the effect of breeds on beef tenderness. In 

semi-tropical region of Argentina, breeds effect on 

tenderness was observed between Criollo Argentino and 

Brasford steers raised on forage (Orellana et al., 2009).  

 

5. Conclusion 

 

This study evaluated the content of collagen in 

Algerian camel meat. Results showed low mean levels 

but higher collagen content was recorded in the elderly. 

In addition, female camel meat had significantly higher 

collagen values but probably owing to an age effect. 

The values remained similar for Sahraoui and Tergui 

breed reported in table 3.  
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Abstract 

 

The composition of the zooplankton of the Hammam Boughrara Dam lake, situated in a semi-arid bioclimatic stage region, in the 

northwest of Tlemcen, Algeria, was investigated monthly during one year from December, 2015 to November, 2016 at three stations. 

The zooplanktonic study revealed an important richness. In all, 38 species, consisting of 24 Rotifera (63.13%), 8 Cladocera (21.05%) 

and 6 species of Copepods (15.79%). During the study period, the group of rotifers dominates the zooplankton community and 

presents by the height values of specie Keratella quadrata, except in January when copepods dominate by Metacyclops planus. 

Almost rotifera species were found in Joining point of Mouillah Oued with the lake, like; Brachionus angularis, B. budapestinensis, B. 

calyciflorus, B. leydigii, Filinia sp, Keratella cochlearis, Notommata sp, Philodina sp, Polyarthra euryptera. This station received 

important domestic and industrial effluents. The main factors regulating distribution of zooplankton are nutrients salt, viz., PO4-P, 

NO2-N, and NO3-N, and water temperature, pH, and transparency. 

Keywords: Zooplankton; Dam; Structure; Diversity 

1. Introduction:   

 

Aquatic environments are essential models for 

understanding the role of biodiversity and biotic and 

abiotic interactions in community structure and 

ecosystem functioning. 

Freshwater zooplankton play an important role in 

ponds, lakes and reservoirs ecosystem and food chain 

(Narasimman et al., 2014). It plays a critical role in 

aquatic food webs. Indeed, an important source of food 

for fish and invertebrates’ predators, it grazes itself 

intensely algae, bacteria, protozoa ... (G. Balvay, 1990). 

The distribution and structure of zooplankton in lakes is 

far from uniform. In fact, this structure varies in time 

and space and this at different scales. 

In Algeria, dams are fed by wadis which, in low-

water periods, become veritable sewers laden with 

putrescible organic matter (which leads to degradation 

of the ecosystem and a reduction in faunistic diversity 

(Bidi, 2014).  

Pollutant and contaminant-sensitive species are 

generally eliminated, and the most resistant species 

have high rates of population growth. The aim of our 

work is to describe the zooplankton structure at the 

Hammam Boughrara dam and to study the relationship 

between zooplankton fauna and environmental 

parameters. 

2. Material and methods 

 

2.1. Study area 

 

The Hammam Boughrara dam is located north 

western of Algeria with less than one kilometer 

upstream of the locality of Hammam Boughrara, which 

is located (13 km) east of the city of Maghnia 

(34°53'08.7"N and 1°38'53.8"W) in the extreme north-

west of the Wilaya1 of Tlemcen. The reservoir, whose 

capacity is 177 million m3, impoundment in 1999; Its 

surface area varies from 2.5 to 4.8 km2, its mean depth 

is 15 m and its maximum depth is 32 m. (Figure 1). 

The study on diversity and zooplanktonic structure 

requires a survey of stations for this purpose, we chose 

3 stations positioned as follows: 

• Station 1: located between a latitude of 34°52'42.4"

N and a longitude of 1°41'12.0"W, it is powered by 

oued Mouilleh. 

• Station 2: located between a latitude of 34°51'18.0"

N and a longitude of 1°39'03.8"W, it is fed by oued 

Tafna. 

• Station 3: located between a latitude of 34°52'57.6"

N and a longitude of 1°38'55.2"W, near the dike. 

 
1 Province 
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Figure 1: Geographical situation of the Boughrara dam 

 

Horizontal and vertical sampling was carried out 

monthly from December 2015 to January 2016 in the 

three stations, the sampling was carried out using a 

plankton net of a void of 20 μm mesh. The samples 

were stored in labeled pills with indication of the 

station, type and date of collection using 5% formalin. 

The observations and the identification of the specimens 

were carried out under an inverted photonic microscope 

and using the following keys: Voigt and Koste (1978) 

and Segers (1999) for Rotifers; Amoros (1984) for 

Cladocra, Dussart (1967) and Dussart (1969) for 

copepods. 

In addition to the fauna, water samples were taken at 

each station, 13 parameters were monitored physico-

chemically including 6 in situ [T° water, pH, salinity, 

conductivity, oxygen (mg.L-1), oxygen saturation rate] 

so that the other parameters were assayed in the 

laboratory of Dynamics and Biodiversity2. 

 

 

 
2 Laboratory of Dynamic & Biodiversity, USTHB: FSB. Po. Box 39, 

El Alia, Algiers (Algeria) 

3. Results and discussion 

 

The present study reveals a variation in diversity and 

abundance of zooplankton during different month. 

figure 2 illustrates the monthly variation in the total 

zooplankton population and its major components in the 

three stations.  
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Figure 2: Monthly variation in numerical density at Boughrara dam. 

The peaks of abundance, in January of 2016, were 

due to the large number of cyclopoids Metacyclops 

planus. Zooplankton communities are accompanied by 

climate change (Benndorf et al. 2001). 

A decrease in the population density was noted from 

February to September, and during the cold and dry 

period, a less pronounced peak was observed in 

October. This one was due to the Rotifera population. 

It is apparent that these variations were largely due 

to those of the Rotifera and Copepoda Cyclopoida, 

which represented, respectively, 48.81% and 33.86% of 

the total zooplankton population; Pace (1986) reported 

high abundance of rotifers in freshwater aquatic 

environment considering them bioindicator of high 

trophic levels. Branco et al. (2002) also established a 

relationship between high number of species belonging 

to the genus Brachionus (at least 1000 ind.L-1 for 

Brachionus angularis) and high trophic levels. which is 

consistent with our results (1214 ind of Brachionus 

angularis). The Cladocera population was less 

significant, representing 17.34%, and no calanoid cope 

pods occurred (Figure 3). 

All through the study period, 38 different species of 

zooplankton were recorded. Among the diversified 

organisms, 24 species (63.16%) were belonging from 

Rotifera group, 8 species (21.5%) were recorded from 

Cladocera group and 6 species (15.79%) were 

representing the group Copepoda (Figure 4). The high 

abundance of Rotifers compared to Cladocera is 

probably due according to Dumont 1977, to their small 

size make them less vulnerable to predation pressure. 

The various water quality parameters were studied 

throughout different stations. The values of temperature 

remained high in all stations. There are remarkable 

variations in the pollution parameters (Po4, NO3, NO2) 

being highest in Mouillah station (station 1), these high 

values are due to industrial releases, and could also be 

justified by the combined action of high fertilization 

with fertilizer. The outstanding values of DO could be 

justified by photosynthetic activity. The pH values of 

the lake oscillate between 7.9 and 9, indicating an 

alkaline pH. According to Rodier 1996, these values are 

characteristic of the limestone regions (Table II). 

 

 

Figure 3: Percentages of Zooplankton abundance Recorded in 

Boughrara Dam. 
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Figure 4:  Percentages of Zooplankton species Recorded  

in Boughrara Dam. 

 

Table II 

Physico-chemical characteristics of the three stations. 

Parameters Unit  
Station 

1 

Station 

2 

Station 

3 

Physical Characteristics 

Temperature  °C 
Mean 19.5 18.75 20.4 

Max 34 33.8 34.6 

Conductivity  
µm 

hos.cm-1 

Mean 1100 1050 1090 

Max 1800 1785 1795 

Chemical Characteristics 

pH   
Mean 8.5 7.9 8.2 

Max 9.1 9 8.9 

DO mg.L-1 
Mean 3.37 5.85 6.73 

Max 12.6 6.8 8.9 

Nitrites (NO2-N) mg.L-1 
Mean 1.2 0.16 0.38 

Max 2.9 0.82 1.41 

Nitrate (NO3-N) mg.L-1 
Mean 3.12 5.1 4.8 

Max 10.5 14 14 

Phosphate (PO4-P) mg.L-1 
Mean 0.8 0.11 0.33 

Max 2.86 1.2 0.9 

 

4. Conclusion 

 

In the present study, it was evident that 

zooplankton species recorded was comparatively high. 

Mainly three groups of zooplankton Rotifera, Cladocera 

and Copepoda were documented throughout the 

investigation period. Rotifers is the most abundant and 

diversified group in our lake with 48.81% (24 species).  

Brachionus angularis is the most abundance species of 

Rotifera with 1214 individuals. The study also reveals 

that the availability of zooplankton is most importantly 

depended upon the favorable physico-chemical 

parameters and the availability of nutrients in the lake.  
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Abstract 

A regional survey of the tritrophic associations (parasitoid-aphid-plant) of aphid parasitoids (Hymenoptera: Braconidae: Aphidiinae) 

was carried out in the southeastern part of Algeria  case Biskra localities to determine the nature of those associations in various types 

of habitats (crop, non-crop) and we compare them in a regional (Mediterranean [MED] versus Saharian [SHA]) context. In total, 40 

aphid host taxa were identified in this survey in Saharian area. Twenty-fort of these were recorded from non-crop plants only, eleven 

from crop plants only, and 8 were present on both types of plants. 39.5% of all the parasitoid-aphid trophic that support the persistence 

of the mean parasitoid Aphidius matricariae and 32, 65% associated with non-crop plants. Our results suggest that Mediterranean and 

Saharian regions are clearly distinguished by a number of trophic interactions in non-crop habitats, whereas the crop habitats 

contribute in lesser degree to these differences. The number of nonspecific interactions was larger in both crop/non-crop habitats but in 

non-crop habitats the abundance of specific interactions was larger. As mentioned, non-crop habitats maintain more parasitoid-aphid 

combinations and more so in Mediterranean than in Saharian regions and large number of non-crop aphid hosts, can significantly 

improve the population for the important parasitoids around agro-ecosystems. 

Keywords: Aphids; Crop; Mediterranean; Parasitoids; Trophic interactions.

1. Introduction  

 

By providing several resources (nectar or pollen, 

alternative prey, refuge from pesticides and other 

disturbances, shelter, a moderate microclimate and 

hibernation sites), non-crop habitats can support natural 

enemy populations and help enhance their impact on 

pest population dynamics (Wilkinson and Landis, 

2005). Aphids are categorized as serious pests causing 

damages in different crops; they have a great number of 

various natural enemies known over the world. Among 

insect parasitoids, all members of the braconid 

subfamily Aphidiinae are solitary endo-parasitoids of 

aphids (Starý, 1970). As a representative model of food 

webs in an ecosystem, the Aphidiinae have widely been 

considered in the tritrophic (parasitoid-aphid-plant) 

approach (Kavallieratos et al., 2004), which gives the 

useful ecological data as well as a good background for 

subsequent biological control programs against aphid 

pests. 

Given their position in the North of Africa, Algeria 

provides a good example of the range and variety of 

Mediterranean and Saharian habitats, supplemented by 

the agricultural complexity. Among other things, they 

can be viewed as a reservoir of very diverse groups of 

indigenous, endemic and invasive organisms of 

Aphidiinae. Despite the economic importance of aphids, 

these insects were poorly studied in Algeria (Saharaoui 

et al.,1998, and, Laamari M and Coeur D’acier., 2010) 

and it was only in recent years that more 156 different 

species were recorded for the mentioned territory 

(Laamari et al., 2013). Subsequent studies (Abdessemed 

D.F., 1998, Laamari M et al., 2011, Laamari M et al., 

2012) on aphid parasitoids were undertaken in order to 

evaluate which Aphidiinae were present in different 

Algerian provinces and to understand better the 

composition of the existing tritrophic associations. 

Based on the available data, The aim of the present 

contribution is  to identify the aphidiines attacking 

aphids feeding on crop or non-crop plants as well as to 

provide information about the nature of Aphid- 

https://creativecommons.org/licenses/by/4.0/
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Aphidiinae associations in various types of habitats 

(crop, non-crop) and we compare them in a regional 

(Mediterranean versus Saharian )context. Then, we 

contribute to knowledge on the use of alternative host 

plants of economically important aphids on common 

vegetable crops. 

 

2. Material and Methods 

 

The samples were collected over the period 2007-

2014, and partial results were published in a number of 

previous articles (Laamari M et al., 2011, Laamari M et 

al., 2012, Halimi C.W., 2010 and Tahar chaouch S., 

2015). Samples from the Mediterranean part of Algeria 

originated principally from localities in Batna and 

Geulma provinces. The samples from Saharian areas 

were predominantly from Biskra localities. 

All specimens were collected by sweeping the   

natural and crop habitats. This sampling method 

included host plants and host aphids with mummies.  In 

order to detect the presence of aphid colonies, all the 

parts of the host plants, including the leaves, stems, 

collar region, flowers, and, where possible, roots, were 

inspected. After aphids and aphids’ mommies were 

detected, they were collected and carefully placed in 

semi-transparent rearing plastic boxes. Any parasitoids 

that emerged were collected similarly and preserved in 

to 70% ethanol for later identification. The host plants 

were labeled and herbarized for identification at a later 

date. Host associations are listed as follows: host aphid, 

host plant, locality and date (number and gender of 

specimens). 

All specimens used in this paper were deposited in 

the Laboratory of ATPPAM, Department of Agronomy, 

Institute of Veterinary and Agronomy Science, 

University of Batna (Algeria). 

 

3. Results and Discussion 

 

In total, 32 parasitoid taxa were identified in this 

survey (Table 1). Twenty-three of these taxa were 

recorded from non-crop aphid hosts only, 15 from crop 

aphid hosts only, and 8 were present on both types of 

aphid plants. If we compare the parasitoid richness for 

each region collected only from non-crop habitats, it 

makes the set of five parasitoid species restricted to 

Mediterranean area and identified until specie (Aphidius 

artemisicola, Aphidius avenae, Aphidius rhopalosiphi, 

Aphidius sonchi and Lipolexis gracilis) and the specie 

Ephedrus plagiator  represent the single parasitoid 

belongs to this area and  restricted to crop habitats. 

Also, we established that the set of 09 parasitoid species 

(Aphidius colemani, Aphidius ervi, Aphidius 

matricariae, Binodoxys angelicae, Diaeretiella rapae, 

Ephedrus persicae, Lysiphlebus fabarum, Lysiphlebus 

testaceipes and Praon volucre), of the total of 32 

parasitoid taxa can be considered as the most important 

parasitoids in both regions and habitat type. 

On the basis of available results, Differences 

between Mediterranean and Saharian non- crop systems 

through the parasitoid species diversity is affected by 

the floristic diversity and regional climatic conditions. 

In both areas, the observed richness differences of aphid 

parasitoid species are probably under pressure of 

regional climatic factors which might have an effect on 

the availability, diversity and seasonality of host aphids 

and plants. The spatial composition and distribution of 

plant communities are also important for enhancing the 

spread of various pest species over the region and the 

movement of some specific parasitoids from non-crop 

habitats to crop fields but these counteracting effects are 

usually balanced in structurally complex landscapes 

(Schmidt et al. 2004). 

Sixty-two aphid host taxa were identified in this 

survey in Mediterranean area (Table 2), fifty-three of 

these taxa were recorded from non-crop plants only, 

eighteen from crop plants only, and 8 were present on 

both types of plants (Acyrthosiphon pisum, Aphis 

carccivora, Aphis fabae, Brachycaudus helichrysi, 

Hyalopterus pruni, Myzus persicae ,Rhopalosiphum 

maidis and Sitobion fragariae).  For the Saharian area, 

the total number identified 40 aphid host taxa, twenty 

fort aphid hosts were recorded from non-crop plants 

only, 11 from crop plants only, and 08 were present on 

both types of plants taxa (Acyrthosiphon pisum, Aphis 

carccivora, Aphis gossypii, Capitophorus eleagni, 

Brevicoryne brassicae, Myzus persicae ,Rhopalosiphum 

maidis and Rhopalosiphum padi). 
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Table 1 

Aphidiines richness across regions and habitats. 

Parasitoid species 

Mediterranean 

Regions 

Saharian 

regions 

Crop 

habitats 

Non-crop 

Habitats 

Crop 

habitats 

Non-crop 

habitats 

Aphidius artemisicola - + - - 

Aphidius avenae - + - - 

Aphidius colemani + + + + 

Aphidius ervi + + + + 

Aphidius funebris - + - + 

Aphidius matricariae + + + + 

Aphidius rhopalosiphi + + - - 

Aphidius sonchi - + - - 

Aphidius spp1 - + - - 

Aphidius spp2 - + - - 

Aphidius spp3 - - + - 

Aphidius transcaspicus + + + - 

Aphidius uzbekistanicus + - - - 

Binodoxys acalephae - + - + 

Binodoxys angelicae + + + + 

Binodoxys  spp1 - - - + 

Diaeretiella rapae + + + + 

Ephedrus niger - + - - 

Ephedrus plagiator + - - - 

Ephedrus persicae + + + + 

Lipolexis gracilis - + - - 

Lysiphlebus confusus - + - + 

Lysiphlebus  fabarum + + + + 

Lysiphlebus testaceipes + + + + 

Lysiphlebus spp1 + - - - 

Praon exoletum - + - - 

Praon spp1 - + - - 

Praon spp2 - + - - 

Praon volucre + + + + 

Praon yomanae - + - + 

Trioxys pallidus  + - - - 

Trioxys spp1 - + - - 

(+) Present; (-) Absent 
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Table 2 

Number of reared Aphid specimens (N), Parasitoid specimens and Trophic interactions across regions and habitats. 

Numbers(N) 
Mediterranean regions Saharian regions 

Crop habitats Non-crop habitats Crop habitats Non- crop habitats 

Aphid species 18 53 11 24 

Parasitoid species 15 26 11 14 

Trophic interactions 56 250 37 49 

Specific interactions 06 23 05 06 

Non-specific interactions 50 227 32 43 

     

Non-crop habitats in Mediterranean and Saharian 

regions are mainly sources of the generalist and 

polyphagous aphid hosts from genera Aphis, 

Brachycaudus, Myzus and Rhopalosiphum which serve 

as hosts to the parasitoid species (Aphidius colemani, 

Aphidius ervi, Aphidius matricariae, Binodoxys 

angelicae, Diaeretiella rapae, Ephedrus persicae, 

Lysiphlebus fabarum, Lysiphlebus testaceipes and 

Praon volucre). Generally, the capability of parasitoids 

species to switch between host species and different 

populations may be considerable. Large number of non-

crop aphid hosts, can significantly enhance the 

population buildup for the important parasitoids around 

agro-ecosystems. These facts can be important in 

biological aphid pest control in the region (Tomanovic 

et al., 2009). 

The results suggest that Mediterranean and Saharian 

regions are clearly distinguished by a number of trophic 

interactions in non-crop habitats with 250 in 

Mediterranean area and 49 in Saharian area, whereas 

the crop habitats contribute respectively in lesser degree 

to these differences 56 to 37 trophic interactions (Table 

2).  As mentioned, non-crop habitats maintain more 

parasitoid-aphid combinations and more so in 

Mediterranean than in Saharian regions and large 

number of non-crop aphid hosts, can significantly 

improve the population for the important parasitoids 

around agro-ecosystems. Furthermore, the presence of 

alternative food or shelter resources in the course of dry 

and hot months, when many spring crops terminate their 

growth, thus becoming unfavorable for aphids, and in 

particular, the humid microenvironment of some non-

crop habitats could be of key importance for the 

seasonal movement and survival of parasitoids. 

The number of nonspecific interactions was larger in 

both crop/non-crop habitats with 227 in the first type 

and 50 interactions in the second in Mediterranean 

regions, but in Saharian area, we noted 43 to 32. In non-

crop habitats the abundance of specific interactions was 

larger with 23 interactions in Mediterranean area (Table 

2). With relative paucity of specific interactions in both 

regions and habitats type, it may be necessary to 

accentuate the studies and several new associations may 

be discovered. 

In addition, we recorded the total of 22 non-crop 

aphid hosts and 07 crop aphid hosts for Aphidius 

matricariaea. 17.64% (54/306 trophic relationships) of 

all the parasitoid-aphid trophic that support the 

persistence of the parasitoid Aphidius matricariae and 

17.32% (53/306 trophic relationships) for the parasitoid 

Lysiphlebus testaceipes in Mediterranean area. Eight 

associations for Aphidius matricariaea record from 07 

crop aphid hosts, what represents 14.28% (8/56 trophic 

relationships) and 46 trophic relationships records from 

22 non-crop aphid hosts what represents 18.4% (46/250 

trophic relationships) (Table 3).  

 

Table 3 

The number and% of two parasitoid species associations across regions and habitats. 

N.% of Association / Parasitoid 

species 

Mediterranean regions Saharian regions 

Crop 

Habitats 

Non- crop 

Habitats 

Crop 

Habitats 

Non- crop 

Habitats 

Aphidius matricariae 14.28% (08T.r) 18.4% (46T.r) 48.64% (18T.r) 32.65% (16T.r) 

Lysiphlebus testaceipes 21.4% (12T.r) 16.4% (41T.r) 19.00% (07T.r) 12.24% (06T.r) 

T.r: Trophic relationships 
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4. Conclusion 

 

We established that this parasitoid can be considered 

as the most important parasitoid for non-crop aphid 

hosts in Mediterranean area but for crop aphid hosts 

Aphidius matricariaea becomes in the second rank. In 

Saharian regions, we noted the total of 11 non-crop 

aphid hosts and 12 crop aphid hosts for Aphidius 

matricariaea. 39.5% (34/86 trophic relationships) of all 

the parasitoid-aphid trophic that support the persistence 

of the parasitoid Aphidius matricariae, eighteen 

associations for Aphidius matricariaea record from 07 

crop aphid hosts, what represents 48.64% (18/37 trophic 

relationships) and  trophic relationships records from 22 

non-crop aphid hosts what represents 32.65% (16/49 

trophic relationships) (Table 3).If we compare the two 

regions for each habitat type ( crop /non-crop), we 

conclude that the parasitoid Aphidius matricariae 

represented the most important specie among parasitoid 

species parasitized widely polyphagous aphids with 

Lysiphlebus testaceipes. Apparently, the two species 

Aphidius matricariae and Lysiphlebus testaceipes, are 

well adapted here to both crop and non-crop habitats, 

with a more pronounced presence of Aphidius 

matricariae in non-crop habitats. In conclusion, studies 

on interactions between non-cultivated plants and their 

associated insect fauna could then provide guidelines 

for improving biological control in vegetable crops 

(Jaureguiberry, 2010). For the use or incorporation, the 

agro-ecological strategies to optimize natural pest-

control including in conventional crop production 

systems. It will be necessary to require the 

accumulation of the maximum knowledge regarding 

alternative hosts of parasitoids of pest aphids in all 

Algerian territory. 
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Abstract 

Zeralda’s reservoir is made up of two basins, shunt-connected (Upper basin and lower basin). In order to study the growth 

Cyanobacteria community related to physical and chemical parameters, 17 abiotic parameters and 11 species of Cyanobacteria were 

analysed using Self-Organising Map (SOM). During this study, the dam experienced two phases of cyanobacteria blooms triggered by 

a very high level of orthophosphates. Blooms led to mass mortality of fish. We also recorded a gradual replacement of cyanobacteria 

species. The junction between the two basins played an effect on some abiotic parameters, such as water turbulence in the lower basin 

which prevented formation of Planktothrix agardhii‘s blooms in presence of high amount of phosphate and had an effect on colony 

size of Microcystis aeruginosa. This species was dominant by its large colonies in depth when the water of the basins became calm. 

Community of Cyanobacteria was diversified when this species passed to benthic life. At low flow, anoxic sediment of wadis that 

feed the dam formed important quantities of phosphate and ammonia. The water drained from these basins through the spillway 

affected the surface water only that led to the accumulation of mineral elements downstream of the two basins and became a nutrient 

reservoir for Microcystis wesenbergii which had formed blooms during three months, in the absence of external contribution. 

Keywords: Basins Shunt-Connected; Abiotic Parameters; Cyanobacteria; Eutrophication; Mediterranean Climate 

1. Introduction 

 

Studies on factors controlling Cyanobacteria 

growth and seasonal succession have gained 

widespread attention, because eutrophication is one 

of the main stressors having a severe impact on water 

quality (Lewis et al., 2011). Cyanobacteria are 

defined as eco-strategic organisms (Chorus and 

Bartram, 1999). Some of them become very 

abundant and can trigger important loss of 

biodiversity (Dudgeon et al., 2006). Others form 

blooms and may cause some risk to fauna and human 

health. It has been estimated that 25 to 75% of 

Cyanobacteria blooms are toxic (Chorus, 2001). 

Cyanotoxins produced by Cyanobacteria blooms can 

accumulate in freshwater fish tissues (Amrani et al., 

2014). Blooms have also a significant impact on the 

dynamics of a lake (Barica, 1978). Specific 

responses to nitrogen and phosphorus enrichment in 

Cyanobacteria are also recorded (Loza et al., 2013). 

In Algeria, several shallow dams were affected by 

eutrophication (Bouaïcha and Nasri, 2004; Nasri et 

al., 2007). Zeralda’s dam experienced a succession of 

Cyanobacteria blooms followed by a massive 

mortality of fish (Bidi et al., 2014). This latter was 

not linked to toxin secretion by flowering 

Cyanobacteria, because no mortality was recorded at 

level of vertebrates which attend the dam (Aquatic 

birds, bovines and turtles) and no allergic reaction 

has been observed during gathering of dead fish. It 

was due to oxygen lack and to a major release of 

ammonia which is toxic for fish by accumulation of 

very large quantity of ammonium coming from 

flowering Cyanobacteria’s degradation (Bidi et al. 

2014). The aim of this study is to examine species 

composition and seasonal succession of 

Cyanobacteria, generated by the phenomenon of 

eutrophication, taking account the mode of 

communication and the temporal relationship 

between the two basins of this dam. 
 

2. Materials and Methods 

 

2.1. Study Area 
 

The Zeralda’s dam is located at latitude 

36°42’ North and longitude 02°50’ East at an 

https://creativecommons.org/licenses/by/4.0/
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altitude of 30 meters. This study area is 

characterized by a Mediterranean climate and 

belongs to bioclimatic sub-humid stage with dry 

and hot summers and mild and wet winters. 

Average monthly precipitations show the existence 

of a dry season from May to September; the rest of 

the year corresponds to the rain season with two 

rainfall peaks in autumn and winter. This dam 

consists of two basins: the upper basin and the 

lower basin (Figure.1). Depth of these basins 

varies between 9 m (winter) and 6 m (summer). 

The water drained from these basins through the 

spillway affects surface water only. When the 

communication is established between the two 

basins (from January to May), the waters of the 

upper basin flow through the 3 m high spillway 

before emptying into the lower basin, causing a 

significant water turbulence in this basin. These 

basins are equipped with a drainage system, but 

they have not been drained. The dam is fed by five 

wadis (Figure 1). 

 

 

 
 

Figure 1. Location of the stations (ST1 to ST10) and wadis supplying both basins. 

2.2. Sampling 

 

Ten stations have been selected; six stations (from 

ST1 to ST6) in upper basin and four stations (from ST7 

to ST10) in lower basin (Figure. 1). Stations have been 

fixed upstream, downstream an at level of shores (right 

and left). Four stations were located near wadis (ST3, 

ST5, ST7 and ST9). From March 2006 to February 

2008, a serial sampling of water was made during the 

last week of each month, at different depths, with help 

of bottle inverted of Niskin type with a capacity of 1 

liter. For stations with a depth of 1 to 1.5 m as ST2; 

ST3; ST4; ST5; ST7 and ST9, sampling was done only 

on the surface. 

For those of depth varying from 2 to 3 m, such as 

ST1 and ST10, sampling was done on the surface and at 

depth. For the deepest stations such as ST6 and ST8, 

located downstream of each basin, near the spillway, 

sampling was carried out at level of the superficial, 

average and deep layers. Depth of these basins does not 

exceed 9 m; because they are equipped with a spillway. 

The water drained from these basins through the 

spillway affected surface water only. When the 

communication is established between the two basins 

(from January to May), the waters of the upper basin 

flows through the spillway of 3 m of height before 

emptying into the lower basin, causing a significant 

water turbulence in this basin. These basins are 

equipped with a drain system but they were never 

drained. The dam is fed by five wadis (Figure 1). The 

strip of vegetation is formed of Typha latifolia, 

Phragmites communis, Schoenoplectus lacustris and 

Tamarix gollica for the upper basin and of Cyperus 

papyrus and Pinus halepensis for the lower basin. 
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2.3. Physico-chemical Analysis 

 

Seventeen abiotic variables were measured. 

Temperature (T°), pH, salinity (Sal), conductivity (Con) 

and dissolved oxygen (O2) were measured in the field 

by a multi-parameter analyser® (Multi 340i Set WTW). 

Measures of depth (dep) and transparency (Tra) were 

taken with Secchi disc. Filtration method was used for 

suspended matter (SM). Nitrates (NO3), nitrites (NO2), 

ammonium (NH4), orthophosphates (PO4) were 

measured by metrical colour, carbonates (CO3) and 

chlorides (CH) by volumetric method, calcium (Ca), 

magnesium (Mg) and sulphate (SO4) by gravimetric 

method (Rodier, 2004). 

 

2.4. Cyanobacteria 

 

Collected samples have been filtrated with plankton 

net (100 μm mesh size) and fixed in formalin (4%). 

Since we are interested in the part of each species 

(dominant species) of Cyanobacteria so we should 

know the density (number of cells, filaments, or 

colonies per unit of volume of water). Chlorophyll a 

was not analyzed because it characterizes the total 

biomass of Cyanobacteria. Counting of Cyanobacteria 

was carried out with inverted microscope by Utermöhl’s 

counting method (Utermöhl, 1958). This technique is 

based on sedimentation of organisms in counting cell of 

sample of known volume. For each sample, 100 mL of 

unfiltered water was sedimented to detect cyanobacteria 

that were not retained by the plankton net. Bourelly 

(1970) and Garrity et al. (2001) were the main works 

used for the identification of Cyanobacteria. The main 

morphological characters considered were: aspect of 

growth (unicellular, colonial, and filamentous), 

appearance and shape of the colony for the colonial 

forms, size and shape of the vegetative cells, presence 

or absence of vesicles gas. For filamentous organisms 

we have: cell differentiation in heterocysts and akinetes, 

polarity (base and apex) of the filament, sheath (absence 

or presence with thickness), true or false ramifications 

of filaments, nature of false ramification (simple or 

gemelled) and hormogonia (absence or presence with 

mobility). 

 

 

2.5. Multivariate analysis 
 

The results obtained on abiotic parameters and 

Cyanobacteria were analyzed with Self-Organizing Map 

(SOM), already used in various domains, especially in 

ecology (Lek and Guegan, 2004). The purpose of the 

SOM is to put all results on the map, so that similar 

vectors can be plotted closely together on the grid. In 

this analysis, the card parameters used is a square card 

with 11 rows and 9 columns (99 cells) with a hexagonal 

neighbourhood. 

 

3. Results 
 

3.1. Abiotic Variables 

 

Values of abiotic variables obtained during the two 

years of study are reported on table I. Most of the 

recorded values of the transparency were less than 

50 cm. The pH gradually increased from May 2006 to 

August 2006. During the second year of study (2007) 

pH oscillated between 7 and 8. The maximum oxygen 

concentrations were found in May (upper basin) and 

June 2006 (lower basin). In August 2006, the deeper 

layers were devoid of oxygen (0.09 mg.L-1) and gave 

off a bad smell with black colour. In samples of June 

2006, orthophosphates were absent in the two basins. 

However, their concentration in the main wadi (Wadi of 

Bougandoura) was 12.86 mg.L-1. A high concentration 

of this element (12.72 mg.L-1) was observed in July 

2006 in the upper basin. The nitrate concentration was 

high from November 2006 to April 2007 with a peak in 

December 2006 (29.34 mg.L-1 in the upper basin and 

16.42 mg.L-1 in the lower basin). Nitrites were high only 

in October 2006. Significant amounts of ammonium 

were detected in samples of June and July 2006 and 

2007. The concentration of this element in the main 

wadi (Wadi of Bougandoura) was very high 

(35.84 mg.L-1) in June 2006. In summer, carbonates 

were absent in 2006 and at very low concentrations in 

2007.The dam waters were rich in calcium all the 

months of study, excepted August 2006; they were rich 

in magnesium. Concentrations of sulphates and 

chlorides were very high all the months of study. 
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Table I 

Mean values of physico-chemical variables recorded from March 2006 to February 2008 in the two basins of the 

dam of Zeralda 
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3.2. Cyanobacteria 

 

Cyanobacteria harvested over twenty-four 

months of study belong to eleven species (Table II). 

Two heterocystous species were present only in 

July 2006, in the upper basin: Anabaenopsis 

circularis and Cylindrospermopsis raciborskii. The 

second species showed filaments with only akinetes 

and others with heterocysts adjacent to apical 

akinetes. Species which formed blooms in this dam 

were represented by Planktothrix agardhii in spring 

and summer 2006, Microcystis wesenbergi in 

summer and autumn 2007 and Chamaesiphon 

polymorphus in winter 2008. Planktothrix agardhii 

bloom was formed first in the upper basin (May, 

2006) and one month later in the lower basin. 

Massive mortality of fish was observed following 

the blooms. Pleurocapsa fluviatilis was observed in 

depth, in all the months of samples. In spring 2006 

and 2007, large colonies of Microcystis aeruginosa 

were observed in depth, in the upper basin. 

However, small colonies were identified in the 

surface layers of the lower basin. During certain 

months of study, composition and so density of 

Cyanobacteria were different in both basins of the 

dam. In samples of autumn 2006 and winter 2007, 

Cyanobacteria were only represented by 

Microcystis aeruginosa and Pleurocapsa fluviatilis 

which were respectively dominant in the upper 

basin and in the lower basin. Microcystis 

aeruginosa growth in the lower basin (May 2006) 

was without nitrate in the water. In winter samples 

we found Microcystis aeruginosa in the surface 

layers and Pleurocapsa fluviatilis in depth. 

Microcystis aeruginosa disappeared from the dam 

waters in summer (August). 164 Samples of May 

2006 showed Pseudanabaena mucicola in the 

mucilage of Microcystis aeruginosa. In June, 

downstream of the upper basin, filaments of this 

species were outside the colonies of Microcystis 

aeruginosa and were important in number and size. 

Planktothrix agardhii and Pseudanabaena 

mucicola were absent upstream of the lower basin 

(ST9, ST10) in May 2006 (Figure.2). 

Table II 

Presence of eleven Cyanobacteria harvested in ten stations based on the abundance of species (1: very limited, 2: scanty, 3: very abundant) 

Species Code 
Station 

1 2 3 4 5 6 7 8 9 10 
Presence of species 

Microcystis aruginosa (Kützing, 1846)  (Ma) 3 3 3 3 3 3 3 3 3 3 All stations and levels  

Pleurocapsa fluviatilis((Hansgirg, 1890) (Pf) 3 3 3 3 3 3 3 3 3 3 Present more in the depth 

Microcystis wesenbergii(Komárek) Komárek, 

1968) 
(Mw) 2 2 2 2 2 2 2 2 2 2 All stations and levels 

Pseudanabaena musicola (Schwabe, 1964) (Pa) 2 2 2 2 2 2 2 2 2 2 Absent in ST9 and ST10 in May 

Planktothrix agardhii (Gomont) Anagnotidis and 

Komárek, 1988) 
(Pag) 2 2 2 2 2 2 2 2 2 2 Absent in ST9 and ST10 in May 

Nostoc commune (Vaucher ex Bomet and 

Flahault, 1988) 
(Nc) 1 1 1 1 1 1 1 1 1 0 Present more in level 0 

Synechococcus linearis (Komárek, 1970) (Sl) 1 1 0 1 0 1 0 1 0 1 Present more in level 0 

Gloeocapsa magna (Küntzing, 1847) (Cm) 0 0 1 0 0 1 0 1 1 1 Present more in level 0 

Chamaesiphon polymorphus (Geitler, 1925) (Ch) 0 0 0 0 0 1 1 1 0 0 Present more in level 0 

Anabaenopsis circularis (Woloszynska and 
Miller, 1923) 

(Ac) 0 0 0 0 0 1 0 0 0 0 Present in ST6 in the depth 

Cylindrospermopsis raciborskii (Seenaya and 

Subbaraju, 1972)  
(C) 0 0 0 0 01 0 0 0 0 Present in ST6 in the depth 
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Figure 2: The density of Cyanobacteria in the upper basin and the lower basin in the two years of study 

3.3. Multivariate Analysis Self-Organizing Map 

(Som) 

 

The self-Organizing Map determined 5 classes 

of Cyanobacteria’s species correlated to some 

variables (figure 3). In this figure: 

• Letters outside cells represent the five classes; 

• Numbers inside cells represent the stations of 

two Basins; 

• Letters inside cells: W; winter, ED-SP: End of 

spring, EL SU: early summer, SU: summer, ED-SU: 

end of summer, EL- A: early autumn, ED-A: end of 

autumn, EL-W: early winter; 

• Other letters represent the environmental 

parameters and 11 species (Table II). 

 

 
 

Figure 3: SOM: classification by using data from the presence- 
absence. 
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4. Discussion 

 

Microcystis aeruginosa and Pleurocapsa 

fluviatilis were the species of winter season (Class 1), 

characterized by their growth at low light intensities. 

They are known by their low energy cells 

requirements (Richardson et al., 1983). In this 

period, the numerous small colonies of Microcystis 

aeruginosa in the surface layers had reduced the 

transparency which had prevented the installation of 

other species, excepted for Pleurocapsa fluviatilis, 

because it was observed in depth (Bidi et al., 2017).  

According to Billard and Marie (1980), the 

turbid waters were the sign of eutrophication. The 

nitrate was the only source of nitrogen and its 

concentration was very high as for chloride and 

calcium. 

In Zeralda’s dam, the benthic life of Microcystis 

aeruginosa was observed in summer during one 

month (August) According to Takamura et al., (1984) 

this benthic life was observed in the winter. Benthic 

Microcystis cells survive these adverse conditions 

without particular morphological differentiation, but 

entering a quiescent state (Reynolds et al., 1981).  

The community of the end of summer and early 

autumn (Class 2) show one specie (Microcystis 

wesenbergii). This specie had formed blooms which 

lasted three months (from July to September 2007) 

while the wadis were dry. According to Ryding and 

Rast (1994), the rate of decomposition is very low in 

shallow eutrophic lake and leads to the formation of 

organic mud which triggers several blooms in the 

absence of external contributions. The migration of 

species with gas vacuoles would be sufficient to 

supply nutrients from anoxic sediments located in 

depth such as orthophosphate, to produce a 

continuous blooming in summer (Olivier and Ganf, 

2000). Ammonium was the only source of nitrogen 

used by this species, formed by the degradation of 

organic matter in absence of oxygen. The 

concentration of carbonate was very low in this 

period, due to its transformation to bicarbonate. 

After using the inorganic carbon of the water, 

certain cyanobacteria used bicarbonate as source of 

carbon (Talling, 1976). Superficial layers contained 

only 6 mg.L-1 of oxygen, because high temperature 

of summer caused a high evaporation of water which 

reduced the oxygen concentration. This was not 

observed when Planktothrix agardhii had formed 

blooms in spring 2006, where the recorded oxygen 

content was of 13 mg.L-1.  

The community of the end of spring and the 

beginning of the summer (class 3) was formed by 

species that were related to depth as Planktothrix 

agardhii which had formed blooms during three 

months. However, the bloom of early summer was 

shown in intermediate layers. This specie escapes to 

high light intensities (Edvardsen, 2002).  

Cyanobacteria are capable of internal reserves of 

phosphorus (Pettersson et al., 1993). This was shown 

by the bloom caused by this specie in June, in the 

lower basin, by using up a large amount of phosphate 

existing in the previous month. Despite the presence 

of phosphate in large quantities in the lower basin in 

May 2006, no bloom of Planktothrix agardhii was 

formed until June, because the communication 

between the two basins were stopped; then, the water 

became calm in the lower basin. The mortality of fish 

was strongly related to Planktothrix blooms because 

it is known by its highest toxicity potential (Fastner 

et al. 1999). 

Other species of this class were represented by 

Microcystis aeruginosa with its large colonies. The 

colony size of Microcystis in calm water was larger 

than that in well mixed water because the maximum 

migration depth of Microcystis will increase with 

colony size (Jianrong et al., 2014). Small filaments of 

Pseudanabaena mucicola were carried in the 

mucilage of Microcystis aeruginosa, in ST 6 and 

ST8, characterized by their depth. 

The absence of Pseudanabaena mucicola and 

Planktothrix agardhii in May, 2006, in ST9 and 

ST10, localized at the entrance of the lower basin 

was related to the agitation of water spilled from the 

upper basin. Nostoc commune, Gloeocapsa magma, 

Synechococcus linearis, and Microcystis aeruginosa 

were the end of autumn and early winter community 

(Class 4) in ST6, ST8, ST9 and ST10. These species 

showed almost fair densities, because Microcystis 

aeruginosa marked its return to the pelagic life so its 

density was very low and with autumn’s rain water 

the dam was enriched with nutrients as nitrates and 

nitrites, calcium and magnesium. 
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Chamaesiphon polymorphus was the early 

winter community and its proliferation was observed 

in February 2008, due to anormal rise of the 

temperature in this month, accompanied with 

nutrients because this species was not observed in the 

two basins before.  

Heterocystous species (Class 5) represented by 

Anabaenopsis circularis, Cylindrospermopsis 

raciborskii, marked the absence of nitrate in the 

upper basin, in July 2006. The exclusive presence of 

Pleurocapsa fluviatilis in august 2006, in the two 

basins was related to the unfavourable conditions 

represented by high light intensity, a lack of oxygen, 

especially in the lower basin and high concentration 

of magnesium. During the evaporation of water, the 

calcium is deposited first so that the water becomes 

enriched with magnesium because this latter is much 

more soluble than calcium. Magnesium is necessary 

for the formation of chlorophyll but it is toxic in high 

concentrations (Dussart, 1992). 

 

5. Conclusion 

 

Zeralda’s dam is a shallow eutrophic dam, 

frequently dominated by one species of 

Cyanobacteria: Planktothrix agardhii in spring and 

summer, Microcystis wesenbergii in summer and 

autumn and Chamaesiphon polymorphus in winter, 

characterized by abnormal rise of temperature. 

Microcystis aeruginosa did not form bloom but its 

density was important in all the months of samples, 

excepted for summer when it shifted to benthic life. 

The dominance of these species explained the low 

number of Cyanobacteria species collected in this 

dam (11 species), especially in summer and in a 

shallow dam like that of Zeralda, due to the 

degradation of spring blooms that decreased oxygen 

concentrations. 

Several environmental factors were involved 

in the spatio-temporal distribution of 

Cyanobacteria in Zerald’s dam such as water 

turbulence that prevented blooms appearance in the 

presence of high phosphate concentration. On the 

other hand, water stagnation determines the 

location of Microcystis aeruginosa in depth, 

forming large colonies. It eliminates certain species 

in the surface layer and promotes the installation of 

benthic species such as Pleurocapsa fluviatilis, 

when it formed small colonies in the surface. 

In summer, blooms were related to the absence 

of oxygen in depth which favoured the release of 

orthophosphates and formation of a large amount of 

ammonium as nitrogen source for non-nitrogen-

fixing Cyanobacteria. Also, the lack of oxygen in 

this season concerned the wadis which were at low 

flow, their sediment produced a significant amount 

of ammonium and orthophosphate that entered the 

dam and caused Cyanobacteria blooms. The light 

intensity of summer allowed the distribution of 

Cyanobacteria such as Planktothrix agardhii’s 

blooms which were found in depth. The presence of 

magnesium with high concentration in summer 

prevented the development of Cyanobacteria. 

Cyanobacteria blooms could last several months in 

this dam, due to accumulation of mineral elements 

downstream, because the drainage water affected 

only the surface water. This was shown in summer 

when the tributaries were dry and the water was 

calm. 
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Abstract 

 

Hydatidosis is a parasitic disease caused by the development, in human and other mammals, of the larval form of Taenia, 

Echinococcus granulosus. This study aims to identify and characterize the antigen responsible for hydatidosis early diagnosis. 

Purification and biochemical, and immunological characterization of the various antigen of liver and lung hydatid fluids was realized. 

The study of antigenic activity of each fraction indicated that peaks 2 and 4 show a good immunogenic potential using immuno-

precipitation and the Enzyme-Linked Immuno-Sorbent Assay (ELISA) test. Electrophoretic analysis indicates that considered peaks 

show a Molecular Weight in DA unit (Da=1 g/mol) of 67 kDa and 08 kDa respectively. The effect of these two fractions on the anti-

hydatic immune response was explored. Our results indicate that the 67 kDa fraction is in favor of the immune-protection mechanisms 

during CE whereas the 08 kDa fraction is involved in the pathogenesis mechanisms. Our results indicate that these antigens are 

involved in the initial step of immune system activation allowing true disease prevention at the origin of the diversity and richness of 

animal species in Algeria. 

 

Keywords: Biodiversity; Animals; Cystic Echinococcosis; Hydatid Antigen; Diagnosis.

1. Introduction 

 

 

Cystic Echinococcosis (CE) is parasitic disease 

caused by the larval stage of the tapeworm 

Echinococcus granulosus, living in the adult state in the 

digestive tract of some carnivorous mammals mainly 

the dog (Euzeby, 1971, Smyth, 1976). This disease is 

endemic in many parts of the world, such as the 

Mediterranean area, and in particular in Algeria. CE is 

characterized by long-term growth of fluid-filled cysts 

in different organs of human and domestic animals, 

commonly in liver and lungs (Nozais et al., 1985, Le 

Guerinel et al., 1991, Achouri et al., 1995, Gamoudi et 

al., 1995, Klotz et al., 2000). The transmission of 

Echinococcus granulosus in the dog-sheep cycle is 

known to occur most frequently in rural and grazing 

areas. It is a major zoonosis of worldwide distribution. 

In Algeria, CE is endemic and represents by its 

frequency a veritable scourge. This disease is a serious 

threat to human health, animal health and the economy. 

CE is a not insignificant cause of organ seizure in 

slaughterhouses. The diagnosis is delicate (Cesbron et 

al., 1986; Poretti et al., 1999; Zhang et al., 2003), often 

late and surgery remains the treatment of choice (Teggi 

et al., 1993; Anadol et al., 2001). However, in many 

cases, surgery is dangerous or sometimes impossible. 

The difficulty of a rigorous diagnosis of hydatidosis 

remains a major obstacle in the introduction of adequate 

and early therapy. 

We have previously shown the role of cytokines 

Th1, Th2 and Th17 in host anti-hydatic defense 

(Mezioug & Touil-Boukoffa., 2009 and 2012). The 

present study focused to identify and characterize the 

antigen responsible f o r  hydatidosis early diagnosis 

and true disease prevention. 

We i n vestigated purification and biochemical, 

and immunological characterization of the various 

antigen of liver and lung hydatic fluids. The effect of 

antigenic fractions on the anti-hydatic immune response 

was exploring. 

 

2. Patients and Methods 

 

2.1. Patients and controls 

 

Blood samples were obtained from 65 (27 men and 

38 women) Algerian hydatic patients, tested before and 

after surgery (one week before and 24h to 72h after 
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surgical removal). Patients were admitted to the 

Mustapha Bacha Hospital (Department of surgery, 

Algiers, Algeria). The age range of the patients was 25 

to 66 years-old with a mean of 33.05±12.7 years. 

However, patients with other diseases were excluded. 

None of the patients had ever received blood 

transfusions and no pharmacological treatment was 

given before bleeding occurred. Clinical diagnosis was 

surgically confirmed by the presence of cysts in each 

case (Department of surgery, Mustapha Bacha Hospital, 

Algiers, Algeria). Hydatid cysts were localized in the 

liver (n=37) and lung (n=28). Healthy controls (n=25 

from the same Algerian region) were adult volunteer 

blood donors (20 to 47 years-old), with an average age 

of 28±5.66 years. Serological response to Echinococcus 

granulosus was evaluated in each case using immune-

electrophoresis and ELISA for total IgG tested against 

parasitic antigen prepared from fertile human cysts.  

Each participant (patients and control subjects) has 

given a written informed consent for the study as 

required by the ethics committee of the Thematic 

Research Agency in Health Sciences ATRSS (ex 

ANDRS-Algeria), which supported our project. 

 

2.1.1. Sera collection 

 

Blood samples collected from healthy donors and 

patients were centrifuged at 3000 rpm for 10 min to 

obtain the sera. Heamolysed sera were excluded from 

this study. All sera samples were immediately stored at 

-45°C until analysis. 

 

2.1.2. Peripheral Blood Mononuclear Cells 

(PBMCs) preparation and cell cultures 

 

PBMCs were prepared from peripheral blood of 

patients with hepatic and pulmonary liver and lung 

Cystic Echinococcosis (n=65) and healthy donors 

(n=25). PBMCs were separated by density gradient 

centrifugation on Ficoll-Hypaque (1.077 mg.mL-1; 

Sigma, Saint Louis, USA) as previously described by 

Mezioug et al. (2012). Briefly, after centrifugation, the 

mononuclear fraction was collected and washed. Cell 

viability was assessed by trypan blue dye exclusion. 

Freshly isolated PBMCs were then suspended at a final 

concentration of 5.106 cells.mL-1 in an RPMI 1640 
1 

 
1 A growth medium used in cell culture 

culture medium supplemented with 5% heat-inactivated 

fetal calf serum, 100 IU.mL-1 penicillin and 100 mg.mL-1 

streptomycin. 

 

2.2. Isolation of the various antigenic fractions of 

the hydatic liquid by exclusion chromatography 

molecular 

 

2.2.1. Hydatic cyst fluid collection 

 

Hydatic Cyst Fluid (HCF) samples were collected 

by aseptic puncture of fertile hydatid cysts surgically 

removed from patients with hepatic and pulmonary 

hydatid disease. The (HCF) was filtered in order to 

eliminate the remaining hydatid membranes and scolex. 

It was centrifuged at 5000 rpm/min (15 min, +4°C). 

The supernatant of cyst was dialyzed. A protein assay 

was following by electrophoretic analysis by SDS 

PAGE2. The antigenic activity of hydatic fluid was 

evaluated by Immuno Electro-Phoresis (IEP), Immuno 

Double Diffusion (IDD) and ELISA. Finally, the 

supernatant is lyophilized. 

 

2.2.2. Biochemical characterization of hydatic 

fluid proteins 

 

2.2.2.1. Protein assay 

 

The method used is Bradford (Bradford, 1976). 

It is a colorimetric assay, which allows determining 

protein concentrations of microgram order. This 

method basing on the change in coloration of 

Coomassie blue (G250) when it is fixed on proteins. 

The quantitative determination is realized by 

spectrophotometry at 595 nm. To 100 μl of hydatic, fluids 

are added 5 mL of Bradford reagent. After incubation 

for 5 min at room temperature and in darkness, the OD3 

is reading at 595 nm. The protein concentration of 

hydatic fluids is determined by extrapolating the OD 

value on the previously established standard curve with 

bovine serum albumin. 

 

 

 
2 A discontinuous electrophoretic system which is commonly used as 

a method to separate proteins with molecular masses between 5 and 

250 kDa 
3 Optical Density 

https://atrss.dz/ressources/fichiers_produits/fichier_produit_547.pdf
https://atrss.dz/ressources/fichiers_produits/fichier_produit_547.pdf
http://www.sigmaaldrich.com/
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2.2.2.2. Electrophoretic analysis by SDS 

PAGE 

 

The samples are analyzed on a polyacrylamide 

gel composed by a "stacking" gel of 5% 

acrylamide, prepared in 0.5 M Tris-HCl buffer, 

pH 6.8 and a resolution gel at 13% of acrylamide, 

prepared in 0.75 M Tris-HCl pH 8.8 buffer. The hydatic 

fluids are diluted V/V in sample buffer containing β-

mercaptoethanol (10%, V/V), then incubated for 3 min in 

a boiling water bath. At the same time, a mixture of 

known molecular weight (MW) proteins is diluted in 

the sample buffer. The samples thus treated are 

deposited in the stacking gel wells (20 μl per well). 

Electrophoresis is performed at 90 V. When the 

bromophenol blue has migrated 1 cm from the lower 

end of the plate, migration is stopped and the gel is 

colored with Coomassie blue for about 2 hours with 

moderate stirring then successive washing in an acetic 

acid/methanol solution decolorizes the gel. After 

revelation, the molecular weight of each polypeptide 

band is determined by extrapolating the Rf4 of each 

band on the standard curve. 

 

2.3. Antigenic characterization of the different 

samples of hydatid fluids 

 

2.3.1. Assessment of the antigenic activity of 

hydatic fluids by IEP 

 

The antigenic proteins were separated by migration 

in an agarose gel (1%) in a sodium buffer of pH 8.2, at 

a potential of 25 V/Slides for 1h 30min. The second 

step consists of serum diffusion. The diffusion realized 

in a humid atmosphere for 48 hours. The slides are then 

immersed in a 5% sodium citrate bath for 3 hours and 

then washed by immersion for 3 days in a 9% NaCl 

solution. After demineralization, the slides are colored 

in an amido-schwarz bath (0.1%) for 7 min and 

decolorized by successive washing in 2 to 3 baths of 

acetic acid/methanol, in which only the Ag-Ac complex 

does not discolor. The slides are finally dried. 

 

 

 
4 Rf = Migration distance of the protein/Migration distance of the dye 

front 

2.3.2. Assessment of antigenic activity of 

hydatic fluids by IDD 

 

Serum and hydatic fluids are placing in circular 

wells hollowed out in a layer of agar-veronal, at 1% 

pH 8.2, deposited on a glass slide. After 48 hours of 

diffusion in a humid atmosphere (24 hours at room 

temperature and 24 hours at +4°C.), the slides are 

immersed in a 5% sodium citrate bath for 3h and then 

washed by immersion in wash buffer (9% NaCl) for 3 

days. After demineralization, followed by complete 

dehydration of the agar, the slides are colored in an 

amido-schwarz bath (0.1%) for 7 min and the 

decolorization is realized in a solution of 5% acetic 

acid. The slides are finally dried. in the case of a positive 

reaction of the precipitate traits at the antigen-antibody 

equivalence point, appear. 

 

2.3.3. Assessment of antigenic activity of 

hydatic fluids by ELISA 

 

Hydatic antigens diluted in carbonate-bicarbonate 

buffer pH 9.5 are distributed in the wells of a 

microplate at a rate of 100 μl per well. The microplate 

is incubated for 1 hour at 37°C then overnight at +4°C. 

After washing with PBS-Tween 20, 0.05%, the wells 

are saturated with a 3% BSA solution in PBS pH 7.2 for 

2 hours at 37°C. After a second washing, the serum 

dilutions are distributed at a rate of 100 μl per well, 

except in the "white" column. The plate is then 

incubated for 1 hour at +37°C. and then overnight at 

+4°C. The conjugate (anti-human IgG labeled with 

peroxidase), diluted to 1/500th, is distributed at a rate of 

100 μl per well. After incubation for 2 hours at 37°C., 

the plate is washed and the reaction is revealed by 

addition of the substrate specific for the enzyme 

(DAB). The chromogenic reaction developed in the 

dark for 15 min. It is stopped with a 2N sulfuric acid 

solution. The optical densities are read on an ELISA 

reader (LABSYSTEM Multiscan) at 405 nm. 

 

2.4. Antigens isolation by Molecular Exclusion 

Chromatography 

 

Antigens were prepared by chromatography on 

sephadex G-200 in 0.1 M Tris HCl-1M NaCl buffer 

pH 8. Eluted peaks were detected by spectroscopy 

https://www.revuenatec.dz/Proceedings/ICAPC’5
http://labsystem.dz/index.html
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recording at 280 nm and were analyzed by immuno-

electrophoresis and double immunodiffusion. The 

eluted fractions were pooled, lyophilized and the effect 

of these fractions on the anti-hydatic immune response 

was explored. 

 

2.5. Exploration of effect of these fractions on the 

anti-hydatic immune response 

 

PBMCs of hydatid patients and healthy subjects 

previously prepared, were cultured i n  the presence 

or absence of parasitic antigen (10 µg/mL) and 

i n cubated i n  flasks at 37°C i n  a humidified 

atmosphere containing 5% CO2 in air for 120 hours. 

Cultures were then centrifuged at 12 000 rpm by 

15 min and supernatants were collected and stored 

frozen at -45°C until cytokines determination. 

 

2.6. Cytokine quantification (ELISA) 

 

Cytokines Levels i n  supernatant were quantified 

by ELISA as recommended by the manufacturer’s 

instructions. Optical densities were measured at 

405 nm. 

 

2.7. Statistical analysis 

 

All data were expressed as means and standard 

deviations (mean±SD). Student’s test5 was used for 

comparisons between different mean. Differences with a 

confidence level of 95% or higher were considered 

statistically significant (p≤ 0.05). 

 

3. Results and Discussion 

 

3.1. Biochemical Characterization of Human 

Hydatic Fluids 

 

3.1.1. Protein assay using the Bradford 

method6 

 

Proteins quantification shows that the total protein 

concentration of hydatic fluids vary from 0.045 to 

0.371 with an average of 0.191±0.09 mg/mL for 

pulmonary localization (n=23) and from 0.083 to 0.577 

 
5 A statistical hypothesis tests. 
6 A dye-binding assay based on the differential color change of a dye 
in response to various concentrations of protein 

with an average of 0.33±0.17 mg/mL for hepatic 

localization (n=25). Hepatic cysts are found to be more 

protein rich than those with pulmonary localization. 

Our results are in line with those of Craig and Nelson 

(1984); Vidor et al. (1986) which show that the total 

proteins are in very small quantities in the human 

hydatic fluids. in contrast, Frayha and Haddad (1980) 

working on mouse and sheep cysts note that total 

proteins are much more concentrated. This protein 

richness of hepatic cysts appears to be related to the 

permeability of cysts (Craig and Nelson, 1984, Cesbron 

et al., 1986, Vidor et al., 1986). Thus, it was shown 

that some of the proteins found in the hydatid liquid is 

parasitic and another part comes from the host 

(Bouchara et al., 1985; D'Amelio et al., 1985; Coltorti., 

1986). 

 

3.1.2. Characterization of the proteins of 

human hydatic fluids by SDS-PAGE 

 

Electrophoretic analysis on a polyacrylamide gel 

i n  a denaturing medium of human hydatid fluids 

(hepatic and pulmonary) showed several protein bands 

with a molecular weight ranging from 116 to 08 kDa 

(Figure 1). We have observed with interest that five 

fractions are common to the different hydatic antigens 

analyzed. Their molecular weights are 116 kDa; 67 kDa; 

56 kDa; 50 kDa and 08 kDa. The 67 kDa band probably 

corresponds to the major immunogenic fraction, antigen 

5 (Oriol et al., 1971, Bout et al., 1974, Hamrioui et al., 

1988, Chamekh et al., 1990, Gonzalez et al., 2000). The 

08 kDa band probably corresponds to one of the 

subunits of the B antigen (Siracusano et al., 1991, 

Gonzalez et al., 1996, Kharebov et al., 1997). It has 

been reported by several authors that the 8/12 kDa 

subunit confers more sensitivity to the test and avoids 

cross-reactions up to 95% (Garcia et al., 1998; Poretti et 

al., 1999). Both antigens are of interest in the biological 

diagnosis of hydatidosis (Siracusano et al., 2002; Zhang 

et al., 2003). 
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Figure 1: Electrophoretic analysis by SDS PAGE of hydatic fluids proteins collected of fertile hydatic cysts surgically removed from patients 

with hepatic and pulmonary hydatic disease. 

MW: Molecular Weight Markers in kDa; PHF: pulmonary hydatid fluid; HHF: hepatic hydatid fluid 

3.2. Antigenicity control of hydatic fluids 

 

Hydatic fluids (hepatic and pulmonary) analyzed 

in IEP show 5 arcs of precipitation for  the hepatic 

fluids and 3 arcs for  the pulmonary fluids (Figures 

2A, 2B and 2C), attesting the existence of at least 5 

antigens for the hepatic hydatic cyst and 3 antigens 

for the hydatic cyst of the pulmonary. However, 

analysis of the same samples of hydatic fluids per 

IDD shows 3 arcs of precipitation for the hepatic cyst 

and 2 arcs for the pulmonary cyst (Figure 3). Our 

results indicate a difference in the sensitivity of 

antigens detection by the two methods of 

precipitation. indeed, IDD is less sensitive than IEP. 

This difference in sensitivity would be associated 

with the fact that in IDD, the diffusion of antigens 

and antibodies are made radially, where only a small 

part of the reactants occurs and gives rise to 

precipitation arcs. While in IEP where oriented under 

the action of the potential difference, 

immunoglobulin and antigenic proteins migrate in 

exactly the same direction and in opposite direction. 

This would explain the lower sensitivity of the IDD 

to that of the IEP. Control of the antigenicity of 

human hydatid fluids (hepatic and pulmonary) is 

continued by an enzyme-linked immunoassay 

according to the ELISA method. The results show 

that sera titers against hepatic hydatic fluids range 

from 6400 to 25600, while sera titers against 

pulmonary hydatid fluids vary from 400 to 6400 

(Figure 4). 

 

 

(A) 

 

 

(B) 

 

(C) 

 
Figure 2:  Antigenic characterization by immuno-electrophoresis of hepatic and pulmonary hydatic fluid collected of cysts surgically removed 

from patients, (A)/ a: hepatic hydatid fluid; b: serum of patients with hydatidosis; (B)/ c: pulmonary hydatid fluid; d: healthy subject serum; 

(C)/ a: pulmonary hydatid fluid; b: hepatic hydatid fluid; c: serum of patients with hydatidosis 
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Figure 3: Antigenic characterization by double immunodiffusion of hepatic and pulmonary hydatic fluid collected of cysts surgically removed 

from patients. 

a-b: hepatic hydatid fluid; c-d: pulmonary hydatid fluid; e: serum of patients with hydatidosis. 

 
Figure 4: Antibody titers of sera from patients with hydatidosis against total antigens of hepatic and pulmonary hydatic fluid (ELISA) 

HHF: Hepatic Hydatid Fluid; PHF: Pulmonary Hydatid Fluid. 

 

3.2.1. Molecular filtration of hydatid 

fluids 

 

Molecular filtration of h y d a t i c  fluids on 

Sephadex G-200, 0.1 M Tris-HCl-NaCl 1 M pH 8 

buffer allowed separation into five distinct peaks for 

hepatic hydatid fluid (Figure 5 A) and four peaks for 

pulmonary hydatid fluid (Figure 5 B). The different 

peaks thus obtained are pooled, dialyzed and then 

concentrated. They are subjected to a protein assay 

by the Bradford method and analysis for their 

antigenic power by immuno-electrophoresis and 

double immunodiffusion. 

 

 

Figure 5: Chromatographic profile of molecular filtration on Sephadex G200 in 0.1 M Tris HCl-1M NaCl buffer pH 8 of hepatic (A) and 

pulmonary (B) hydatid fluids (Whatman column (100x2.5 cm) Flow rate 10 mL/cm²/h). 
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3.2.2. Antigenic characterization of 

fractions purified by chromatography 

 

Antigenic activity of each peak collected 

showed that peaks 2 and 4 express a good 

immunogenic potential (Figures 6 and 7). indeed, a 

single precipitation arc was observed for peak 2 and 

for peak 4. The other peaks (1, 3 and 5) did not 

show any precipitation arc (Figures 6 and 7). This 

may be due to the quality of the antigens present in 

these fractions or to their protein concentrations. The 

approximate molecular weight of peaks 2 and 4 was 

determined by the calibration curve. They 

correspond respectively to 66 kDa for peak 2 and 

08 kDa for peak 4. These two fractions endowed 

with antigenic activity correspond respectively to 

subunits of the two major antigens: Antigen A and 

Antigen B. The eluted fractions were pooled, 

lyophilized and the effect of these two fractions on 

the anti-hydatic immune response was explored. 

 

 
F

Figure 6: Antigenic characterization by immuno-electrophoresis of the various fractions purified by gel filtration 

a: Peak 2; b: hepatic hydatid fluid; c: serum of patients with hydatidosis; d: Pic 3; e: Peak 4 
 

 

 
 

Figure 7: Antigenic characterization by double immunodiffusion of the different fractions purified by gel filtration 

a: hepatic hydatid fluid; b: pulmonary hydatid fluid; c: Peak 1; d: Peak 2; e: serum of patient with hydatidosis; f: Peak 3; g: Peak 4; h: 
pulmonary hydatid fluid; i: Peak 5. 

 
3.2.3. Effect of the two fractions on the anti-

hydatic immune response 

In vitro study focused on PBMCs prepared from 

patients’ blood with hepatic and pulmonary 

hydatidosis before and after surgical extirpation (One 

week before surgical removal of cysts and 72 h after) 

and healthy donors. The induction systems established 

showed that the maximum induced activities, relative 

to the cytokines tested were obtained for 

concentrations of antigenic effectors (Antigen-5 and 

fraction-4) of 10 μg/ml, a cell density of 5.105 to 

5.106 cells.mL-1 and incubation time of 20 hours. 

Microscopic observation of cultures shows a 

difference in the density and morphology of cells in 

the presence of hydatic antigens compared to control 

cells. in fact, a state of multiplication, activation and 

differentiation of PBMCs was observed after induction 

by the antigenic effectors: antigen 5 and F-4 (Figures 

8). Th1 (IFN-γ, IL-12) and Th2 (IL-4, IL-10) 

cytokines production was measured in PBMC culture 

supernatants from hydatic patients with hepatic and 

pulmonary hydatidosis, before and after surgery, and 

healthy donor. Before antigen stimulation, 

significantly higher levels TH1 and TH2 cytokines 

were observed in patient PBMC supernatants 

(p<0.001) in comparison with healthy donors. After 

antigen stimulation, we observed a subsequent 

increase in cytokines levels in  patient’s 
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supernatants fo r  pre-and post-surgical supernatants 

(Figures 9 to 12). These results indicate the 

sensitization in vivo to the two antigens. in vitro 

cytokine profiles are in most cases related to the in 

vivo values assessed (results no showed). 

The results of the in vitro study show significant 

(P<0.001) levels of Th1 cytokines (IFN-γ, IL-12) 

after induction with antigen 5 compared to control 

systems (Figures 9 and 10). inversely, induction by 

fraction-4 indicates low levels of Th1 cytokines 

(Figures 9 and 10) and significant in Th2 cytokines 

(Figures 11 and 12). Effectively, substantial 

concentrations of Th2 cytokines (IL-4, IL-10) were 

observed after PBMCs stimulation by F-4. However, 

antigen-5 did not induce any Th2 cytokines 

activities. Our results suggest that the antigen-5 

conditions the Th1 cytokines induction whereas 

antigen-4 induces the production of Th2 cytokines. 

Regression of IFN-γ, IL-12, IL-4 and IL-10 

production was observed, respectively after antigen-

4 and antigen-5 induction (Figure 13). 

 

 

 

 
A  B 

 

 

 
C  D 

 
A: PBMCs cultures of healthy subjects none inducer; B: PBMC cultures of patients with hydatidosis none inducer; C: PBMCs cultures of 

patients with hydatidosis stimulated by antigen-4 (F4); D: PBMC culture of patients with hydatidosis stimulated by antigen-5 (F5). 
 

 

 

 

Figure 9: IFN-γ levels in supernatants of PBMC cultures from 

hydatid patients with hepatic hydatidosis stimulated by two parasitic 

antigens: F5/F4 

 Figure 10: IL-12 levels in supernatants of PBMC cultures 

from hydatid patients with hepatic hydatidosis stimulated 

by two parasitic antigens: F5/F4 
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Figure 11: IL-4 levels in supernatants of PBMC cultures from 

hydatid patients with hepatic hydatidosis stimulated by two parasitic 

antigens: F5/F4 

 

Figure 12: IL-10 levels in supernatants of PBMC cultures 

from hydatid patients with hepatic hydatidosis stimulated by 

two parasitic antigens: F5/F4 
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Figures 13: Relationship between F5 / F4 ratio and IFN-γ, IL-12, IL-4 and IL-10 levels in PBMC culture supernatants of hydatid   patients 

before and after surgical removal of cysts. 

F5: antigen-5; F4: antigen-4; Pre op: Before surgical removal of cysts; Post op: After surgical removal of cysts 

4. Discussion 

 

The results of this study show the involvement 

of Th1 and Th2 cytokines in host anti-hydatic 

response. The increased Th1 and Th2 level observed 

in supernatants of PBMC cultures from hydatid 

patients before surgery suggested the implication of 

these cytokines in host defense mechanism against 

the parasitic infection. Our results are in  line with 

those reported by Mezioug e t  a l .  (1994); Rigano 

e t  a l .  (1995,1999); Torcal et al. (1996); Touil-

Boukoffa et al. (1997), Dematteis et al. (1999), 

Mezioug et al., (2009) which report the role of 

cytokines in the anti-Echinococcus granulosus 

immune response. 

Similar studies have demonstrated the ability of 

intra-cellular parasites to induce cytokine synthesis, 

particularly Plasmodium falciparum, Schistosoma 

mansoni, Toxoplasma gondii, Leishmania major and 

Leishmania donovani (Cetre et al., 1999, Jankovic et 
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al., 1999, Malthews and Babaloo et al., 2001, Donato 

et al., 2002). Cytokine induction has also been 

reported i n  bacterial pathologies, such Chlamydia 

trachomatis i n fections (Holland et al., 1996) and 

Salmonella typhi (Mastroeni et al., 1999). 

The significant difference in the levels of Th1 and 

Th2 cytokines indicate the existence of distinct 

pathways in the expression of these cytokines. The 

orientation to either pathway is antigenic dependent 

and the antigenic multiplicity is one of the essential 

reasons for this immune duality. indeed, the 

antigenic power of the larvae of Echinococcus 

granulosus, as in many parasitosis, is linked to the 

existence of a veritable antigenic mosaic, as several 

authors have shown (Mc Manus and Smyth, 1986, 

Coltorti, 1986, Chamekh et al., 1990; Mc Manus and 

Thompson, 2003). 

In fact, more than ten parasitic antigens are 

present in the hydatid fluid, of which two 

lipoproteins show the highest immunogenicity and 

represent 3% of the total parasitic proteins (Cesbron 

et al., 1986): lipoprotein A and lipoprotein B (Oriol 

et al. Pozzuoli et al., 1975, Dessaint, 1975, Cesbron 

et al., 1986, Siracusano et al., 1991, Kharebov et al., 

1997). The antigen A is a thermolabile 

glycolipoprotein of 400 kDa, composed of 2 subunits 

of 65-67 and 55-57 kDa, reducible into sub units of 

20 and 38 kDa (Oriol et al., 1971; Bout et al., 1974; 

Hamrioui .,1986; Hamrioui et al., 1988; Shepherd et 

MC Manus, 1987; Siracusano et al., 1991; Kharebov 

et al., 1997; Poretti et al., 1999). Our results indicate 

that antigen-5 induced Th1 cytokines whereas the 

antigen-4 induces cytokines production of Th2 

pathway.  

This observation indicates a sensitization state of 

immuno competent cells for all patients tested before 

and after surgery. indeed, the difference observed with 

healthy subjects is not negligible. Through our 

results, it appears likely involvement of two different 

epitopes in the orientation of the two-pathway cited. 

Structural study of the two antigens followed by 

identification of TCR (T-cell receptor) binding sites 

would confirm this. 

The cystic extirpation showed a reduction of 

cytokines activity (72 hours after surgery). 

Cytokines levels become substantially identical to 

healthy controls. These results show that the presence 

of the cyst influences the production of the cytokines 

tested. The reduction in Th1 cytokine activity 

correlates with the loss of immunoreactivity to the 

major antigen (antigen-5), confirming our hypothesis 

as to the involvement of this antigen in the defense of 

the host. This defense mechanism would be exerted 

through the polarization of an immune response to 

the Th1 pathway resulting in increased production of 

IFN-γ, IL-12 with involving the 

monocyte/macrophage and the T lymphocyte in the 

step of recognition and presentation of the antigen-5. 

However, IL-12 levels increased or persisted over 

the same period (72 hours, after surgical extirpation). 

We have associated the persistence of IL-12 with the 

operative stress inducing an inflammatory effect, 

knowing that the essential source of IL-12 is the 

monocyte/macrophage system (Trienchieri, 1995; 

Trinchieri, 1998a). This observation has also been 

reported by several authors including Kishimoto 

(Kishimoto, 1996) in a study on the kinetics of IL-6 

production following surgical procedures. 

Our results indicate that the Th1 cytokines would 

be considering as potential markers in the prediction 

of a good prognosis. in contrast, Th2 cytokines play 

a role in the follow-up and prediction of chronic or 

complicated forms of the cyst. Our results suggest 

that the Echinococcus granulosus parasite induces 

immuno suppression by Th2 cytokines; it is possible 

that by this mechanism, the parasite protects itself 

from the immune responses of the host organism. It 

would thus escape immune responses. The evolution 

of cytokine titers appears to be very useful for patient 

follow-up. 

Similarly, cytokines measurement for immuno-

diagnosis could clarify certain ambiguities observed 

and concerning the cross-reactions resulting from the 

presence of antigenic communities with other 

parasitosis such as cysticercoses, trematode diseases 

and nematode diseases (Cesbron et al., 1986, 

Shepherd and MC Manus, 1987, Maddison et al., 

1989). Some non-parasitic diseases such as hepatitis, 

alcoholic cirrhosis and some viral respiratory 

diseases may present the same phenomenon 

(Maddison et al., 1989). Furthermore, serological 

reactions are the only means of asserting the presence 

of a hydatid cyst. 

 



MEZIOUG D.  et al. 

 

 

Citation: MEZIOUG D., MEDJDOUB MILOUD Y. and TOUIL C., Cystic Echinococcosis and Biodiversity in Algeria. In ICAPC’5 

Proceeding, Tamanrasset, Algeria, 03-05 Nov., 2017, pp. 107-118. https://www.revuenatec.dz/Proceedings/ICAPC’5 

 

117 

5. Conclusion 

 

These investigations show the importance of 

Th1/Th2 balance study during Echinococcus 

granulosus infection. indeed, the Th1/Th2 cytokine 

ratio appears to be a rigorous biological tool, capable 

of orienting the evolution of macroparasitosis early 

and completing the clinical diagnosis. Moreover, its 

interest would be crucial in the immuno surveillance 

of patients. in vitro study of the ability of hydatic 

antigens to induce cytokine production by PBMC 

partially clarified the understanding of host immune 

mechanisms towards Echinococcus granulosus. 

Characterization of the epitope (s) involved in the 

initial step of immune system activation allowing 

true disease prevention at the origin of the diversity 

and richness of animal species in Algeria. 
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Abstract 

 

The variation of biodiversity is one of the main biological indicators of desertification in arid lands. The study was carried out 

between 1975 and 2016 with 8 reference years in the western Steppic high plains. The evolution of floristic diversity shows 

significant variations over time and between two grazing pressure levels.  These variations expressed by the richness and the 

Shannon index, we show a significant correlation with the annual cumulative rainfall , but also with degradation by overgrazing. 

Keywords: Desertification; Droughts; Overgrazing; Rainfall; Stipa tenacissima 

1. Introduction 

 

One of the main problems of degradation of arid 

steppe rangelands in the southern Mediterranean is 

the loss of plant diversity. During the four last 

decades, these rangelands faced two main driving 

forces: climate through more or less lasting and 

recurrent droughts and overgrazing. The land use 

history and long-term ecosystem monitoring are known 

to be the best way to understand ecological changes. 

In the present work, the preexisting system was an 

alfa grass (Stipa tenacissima L.) steppe. This dominant 

plant which was considered to be the "keystone" 

species toward the whole ecosystem structure and 

functioning. The aim is to assess the impacts of grazing 

(exclosure vs. overgrazing) and climatic variability on 

biodiversity over a period of 40 years, based on data 

from eight reference years. 

 

Study area and methods 

 

The study area is located near the city of 

El Bayadh1, on the ‘‘Rogassa plateau’’ in western 

Algeria. This area belongs to the ‘Steppic high plains’ 

and is located (33.56°N, 0.51°E) at an elevation of 

1095 m. The climate is arid-Mediterranean, with a 

mean annual rainfall of 270 mm occurring mainly 

between autumn and spring, a dry period of 6 to 8 

months and the mean annual temperature is 15°C. 

 
1 Province 

The vegetation of the pre-existing system was a 

pure alfa-grass stand. Stipa tenacissima L. (named alfa 

in the Maghreb and Esparto-grass in Spain) is a 

perennial tussock grass. 

The long-term monitoring site was first established 

in 1975. Data on the vegetation were collected over a 

period of 40 years. The site includes a 12 ha exclosure 

(fenced since 1975) and an open rangeland grazed by 

sheep outside the fence. We using eight reference years 

(1976; 1987; 1993; 2000; 2006; 2010; 2013 and 2016). 

Two data types were considered: 

• Annual rainfall (September–August), which is the 

only water source; Climatic data was gathered from 

the National Meteorology Office and cover a period 

from 1975 to 2016; 

• Plant diversity includes species richness Shannon 

and index. Species richness or the number of species 

was determined by counting the number of species on 

the basis of all floristic lists. 

 

2. Results 

 

2.1. Precipitation 

 

During the 1975 to 2016 period, the mean annual 

rainfall was 270 mm.yr-1. The study period showed 

significant fluctuations (Figure. 1) with the higher 

number of multiannual dry periods including three dry 

periods: 1978 to 1979; 1983 to 1985 and 1998 to 2003 

(Slimani et al. 2010). 

https://creativecommons.org/licenses/by/4.0/
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Figure 1. Annual Rainfall variation (1975-2016) at El Bayadh (Algeria) 

 
2.2. Plant diversity 

 

The floristic composition expressed by the plant 

species richness and the Shannon index, show a 

significant variation for study period. The results 

generally show relatively high values in the protected 

area (Figure 2). The results also show that low values 

of plant diversity are significantly correlated with dry 

years. The number of species disappearing is more 

important for annuals than for perennial and exceeds 

more than half initial stock. 

 

 

 

 

 

Figure 2. Temporal variation of diversity (species richness and Shannon 

index) on the Rogassa steppe ( from 1976 to 2016). 
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3. Discussion and Conclusion 

The regression of specific diversity is one of the 

main biological indicators of desertification (Verstraete 

& Schwartz, 1991; Aronson et al., 1993).  The 

evolution of floristic diversity shows significant 

variations over time. The maximum value of the 

specific richness is observed in the pre- existing system 

(1977 to 1993, figure.2) for the two grazing levels 

considered with a significant decrease in 1987, 

particularly in the unprotected zone. This decline is 

very significant in 2000 and 2006; and then increases 

as the rainfall increases. These declines, which 

coincide with droughts period, are in agreement with 

the results of several authors (Tilman & El Haddi, 

1992, Aidoud, 1994, Huston, 1994, Clement & 

Maltby, 1996, Slimani et al., 2010). The level of 

diversity in the community is also determined by the 

intensity of grazing and trampling (West, 1993). 

Expressed by the Shannon index, the diversity is 

relatively greater between 1977 and 1993 with 

relatively higher values in the grazed area. From 

1993, diversity follows the same evolution as the 

species richness. It appears that during the first 

monitoring period, less intensive pasture favored 

diversity (Slimani & Aidoud, 2004). Many studies 

have also shown that moderate and periodic grazing 

increases the level of diversity in the community. 
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Abstract 

 

Spiders are an important group of invertebrates in all terrestrial ecosystems. They are the most abundant with very high species 

richness. They are known to lodge various ecological niches. In order to study the altitudinal distribution of Araneae, twelve plots were 

chosen in Tikjda region, a south slope of Djurdjura National Park. They differ by dominant vegetal specie and other abiotic factors. To 

collect spiders, pitfall traps were used. They are filled third with a formaldehyde solution (4%) as fixative. The traps were emptied 

monthly during 9 months between 2015 and 2016.  In total 880 individuals were collected; the black pin forest is the most abundant 

plot (150 individuals) and the oak cork forest is the richest one. The abundance is different between the vegetal abundant specie plots, 

the cedar forest contains the high number. Eighteen families were collected, Linyphiidae is the most abundant family (24%) followed 

by Gnaphosidae (19%) and Dysderidae (19%).  Dysderidae was chosen to study the relationship between altitude and species 

distribution. A total of 164 individuals were collected. They belong to 3 genera and 7 species. The abundance and richness rise with 

altitude and many species ecological preferences are found in relationship with some abiotically factors. Harpactea dumonti is the 

most represented in the region (82 individuals) followed by Harpactea sp1 (17 individuals) and Dysdera crocata (10 individuals).  

Harpactea dumonti is present in all biotopes of Tikjda region, it is ubiquist specie.  

Keywords:  Spiders; Altitude; Ecology; Tikjda; Forest  

1. Introduction 

Algeria, a very large surface area has a 

Mediterranean climate with mountain influences and 

environments characterized by irregular reliefs, rich and 

specific vegetation. This nature is managed by agencies 

that keep living and not living entities throughout the 

national territory. Djurdjura was declared a National 

Park in 1983 and Biosphere Reserve in 1997. It is 

indeed known for its flora and fauna diversity 

represented through large physiognomic units described 

as representative of habitats and a multitude of 

resources for fauna (Addar, 2013). Such environments 

are conducive to the development of many animal 

species. Arthropoda are by far the most diverse animals 

and the most numerous.  In fact, about 80% of the 

known species belong to this phylum (Gambaiani, 

1999). Among the Arthropoda, the Arachnida are the 

most widespread class and spiders are the largest order 

(Roberts, 2001). They are the most abundant and the 

most affluent (Buschholz, 2009). Spiders are known to 

occupy a wide variety of ecological niches (Boreau de 

Roincé, 2012). They are present in all terrestrial 

ecosystems (Turnbull, 1973), in which they can be used 

as indicators of the invertebrates’ diversity (Gravesen, 

2000; Cardoso et al., 2004). Some studies on the soil 

fauna of Tikjda region, a sud slope of Djurdjura 

National Park, were carried out. No recent study has 

involved the Araneides of this region. Therefore, the 

choice of this study area and this zoological taxon was 

made. The study aims at understanding the relationship 

between altitude and the spider’s distribution. 

2. Materials and methods 

 

2.1. Sampling sites 

The Djurdjura National Park is located in northern 

part of Algeria about 150 km East of Algiers (Figure1), 

confined between a very rugged mountainous area of 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:selmach88@gmail.com


CHAIB S. et al. 

 

 

Citation:  CHAIB S., RAYANE A., KHERBOUCHE-ABROUS O. and BELADJAL L., Altitudinal Distribution of Spiders in Tikjda (Djurdjura 
National Park; Algeria), In ICAPC’5 Proceeding, Tamanrasset, Algeria, 03-05 Nov., 2017, pp. 122-125. 

https://www.revuenatec.dz/Proceedings/ICAPC’5 

123 

Bouira and Tizi-Ouzou towns. Extending over an area 

of 18 550 ha, it is characterized by a Mediterranean 

climate. Tikjda region is located in center mountains; 

Akouker between Tizi’n’kouilal and Boulma (2305 m). 

In order to study the distribution of the araneofaune 

according to the altitude gradient, twelve plots were 

chosen between 557 m to 1700 m. Their names come 

from dominant vegetal specie. The following 

abbreviations were used: 1: Eucalyptus pure (557 m); 2: 

Mixed Eucalyptus (557 m); 3: Oak Cork (810 m); 4: 

Aleppo Pine(975 m); 5: Holm Oak (1280 m); 6: 

Polluted Cedar Forest (closed) (1430 m); 7: Polluted 

Cedar Forest (open) (1430 m); 8: Cedar Non-polluted 

(1500 m); 9: Black Pine (1560 m); 10: Cedar Forest 

(1640 m); 11: Cedar Forest (1740 m) and 12: Lawn 

(1740 m).  

  

 

Figure1: Geographical location of the Djurdjura National Park (DNP) and the different sampling sites at Tikjda. 

2.2. Sampling method 

 

To get an overall idea on presence and richness of 

the soil fauna, the appropriate sampling methods is very 

important (Southwood, 1978).  

Pitfalls Barber traps were used in the present study 

as it is the main sampling method to study spider’s 

community (Maurer and Hanggi, 1990). Five traps were 

opered in each plot, they are plastic containers (10 cm 

deep, 7.5 cm diameter) dug, levelled with the soil 

surface, and 1/3 filled fixative solution (4% 

formaldehyde). The traps were emptied monthly during 

9 months between 2015 and 2016. The identification 

species level was performed using Ledoux and Canard 

(1981), Bosmans and Abrous (1990), Bosmans and 

Abrous (1992) and Word Spider catalog (2016).  

3. Results and discussion 

 

3.1. Total abundance 

At Tikjda region, 880 individual’s spiders were 

collected, belonging to 18 families. They are given in 

table 1. 

From the whole, Liniphiidae family is the most 

abundant. 214 individuals belonging to this family were 

collected in all the different plots, followed by the 

Gnaphosidae and Dysderidae with respectively 170 and 

164 individuals each. These families were sampled in 

the majority of plots. The families Araneidae, 

Oonopidae, Palpimanidae, Pholcidae, Pisauridae and 

Theridiidae are represented by a very small number of 

individuals (< 5) (Table 1). 
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Table 1 

Number of individuals of collected families in the different sites of the study. 

Familles/ stations 1 2 3 4 5 6 7 8 9 10 11 12 N 

Agelenidae 11 7 2 4 4 7 10 17 10 7   1 80 

Araneidae     1           1 1     3 

Clubionidae 2 3 3   1 4 9 7 9 2     40 

Dysderidae 13 3 4 1 6 28 25 30 34 18 2   164 

Gnaphosidae 14 8 24 8 7 10 43 8 25 16 6 1 170 

Loxoscelidae 2 1 4 1                 8 

Lycosidae 2 3 2   1 4 12     1     25 

Linyphiidae 35 8 3 1 2 9 13 40 44 55 1 3 214 

Nemezidae     2 1 1       7 16 1   28 

Oecobiidae   4 2                   6 

Oonopidae   1         2   1       4 

Palpimanidae       2 1           2   5 

Pholcidae           1     2       3 

Pisauridae   1     1               2 

Salticidae 1 1 3 1       1   1     8 

Theriididae 1     1                 2 

Thomizidae 1   1 4 2 1         1   10 

Zodariidae 2    34 22 5 12 17 15 1   108 

Total 84 40 51 24 60 86 119 115 150 132 14 5 880 

 

3.2. Site abundance  

Total abundance varies between 5 and 150 

individuals by site (Table 1). The black pin forest (plot 

9) is the most abundant (150 individuals), this can be 

explained by the fact that the Pinus nigra is a rare, 

endemic and classified protected species.  The 

Lyniphiidae is the most dominant, 44 individuals were 

collected in this plot which provide a better ecological 

where the fauna has a good condition. 

The plots “Lawn” (plot12) and “Cedar Forest 

(1740 m) (plot 11) located at the same altitude, present 

the lowest number of individuals (5 and 14 

respectively). This can be explained by the high altitude 

of this site “1740 m”. Twelve families were harvested 

in the Oak Cork Forest (plot3), it is the richest plot, 

which provide a better ecological niche.   

The Dysderidae are a family of large or medium-

sized spiders, wandering with six eyes, heavily armed. 

Usually hidden in the litter and plant debris. 164 

individuals of Dysderidae were sampled in 11 plots, 

belonging to 3 genera and 7 species. With numbers, 125 

adults and 39 juveniles were collected. The number of 

individuals grows in the same direction with altitude. 

Up to 1560 m at black pine (plot 9), individual number 

decrease.  
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Figure 2: Proportion of the total number of individuals of different species in 12 plots. 

 

Among 7 species sampled, Harpactea dumonti is the 

most dominant specie in the region (65%).  It’s presents 

in all selected plots, it is ubiquist specie and it’s 

followed by Harpactea sp1 (14%) and Dysdera crocata 

(8%). The other species are present with a lower 

number (Figure 2). 

Black pine is the most abundant plot (27 

individuals), however Cedar polluted forest (open) plot 

(plot7) is the richest (7 species). The richness and 

abundance of plant species as well as the altitude 

increase the number of ecological niches. 

Dysderidae species have not the same ecological 

requirements for their development.  

4. Conclusion 

Our work is a contribution to knowledge of Araneae 

fauna in Tikjda region. Spider’s abundance differs 

between the different chosen plots. We deduce that the 

spider’s distribution depends on some ecological and 

especially abiotically characteristics.  
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Abstract 

 

The aim of the present work is to study the ecology of the isopoda in 17 different sites located in Algeria from the north to the s 

out h. The sites are different by their bioclimatic stage (humid, sub humid, semi-arid and Saharan) and the soil of the regions. Aiming 

to develop research on the biological component of soils, many physicochemical test tools are used in order to define indicators 

complementing. The isopoda fauna are collected using pitfall traps, filled third with a formaldehyde solution (4%) as fixative. The 

traps were emptied monthly during one year. A total of 506 individuals were collected. They belong to 4 families and 5 different 

genera. Our study showed many ecological preferences for the different species collected relationship with some abiotical factors as 

altitude and recovery rate of vegetation.  

 

Keywords: Isopods; Ecology; Altitude; Vegetal; Bioclimatic  

1. Introduction 

 

Isopods have been collected during the past more 

than one century ago in the world. In the North Africa 

region. This collect was started with some explorations 

like the journey of Gaston Buchet (Dollfus 1896a, 

1896b) and extensively during the past 30 years in 

some regions. Algeria has high diversity in biotopes 

and bioclimatic regions, the great area from the Rif to 

the Atlas could accommodate an important and 

interesting biodiversity in fauna and flora. However, 

no recent investigations have been done on the 

terrestrial isopod fauna when we compared this region 

with the Middle East (Syria, Lebanon, Palestine and 

Jordan), New investigations in Algeria could exhibit 

many particularities such as a high percentage of 

endemics and a high biodiversity in the terrestrial 

isopods related to the complex topography, 

paleogeography and ecological History of the country. 

In the present study, we intend to identify the isopod 

fauna, and to estimate some ecological parameters 

including richness species, abundance, diversity, and 

dominance among habitat types in Algeria.  

 

2. Materials and methods 

 

Sampling sites 

 

During the sampling first year, seventeen stations 

were surveyed in Algeria along a gradient of aridity. 

They were ranging from the heights land at Djurdjura 

National Park to the s out h of Algeria (Table1) and 

each region is represented by a typical bioclimatic 

stage (Humid, sub humid, semi-arid, Saharan - 

Figure1).  
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Table 1 

Description of stations chosen at different bioclimatic floors in Algeria

Bioclimatic 

stage 
Stations 

Geographic coordinates 

altitude 
Biotope and dominant vegetation 

Humid 

Polluted Cedar forest (Closed)  
36°26'47'' N 

4°7'30'' E 

1430 m 

high densities of stand Sand their high degree of closure 

Arboreal (Cedrus atlantica)  

Polluted Cedar forest (Open)  Shrub, bushes 

Black pine 

36°27'15'' N 

4°6'35'' E 

1560 m 

(Pinus nigra ssp. Mauretanica) is a relict forest species 

threatened with extinction 

Cedar Forest at 1600m 

36°27'18'' N 

4°6'52'' E 

1640 m 

Dominant specie:(Cedrus atlantica) not far from the hiking trail 

Cedar Forest at 1700m 
36°27'10'' N 

4°7'10'' E 

1740 m 

The high parts of this wall mountain Djurdjura. Arboreal 

(Cedrus atlantica)  

Lawn at 1700m dense grass carpet of granules 

Sub-Humid 

Eucalyptus Pure 36°23'54'' N 

3°53'2'' E 

557 m 

The forest of Bouira 

Abroreal Eucalyptus Mixed Eucalyptus 

Oak cork 

36°23'53'' N 

4°5'32'' E 

810 m 

Dominant species Quercus suber 

Aleppo pine 

36°24'32'' N 

4°7'2'' E 

975 m 

Dominant species Pinus halepensis  

Holm oak 

36°25'44" N 

4°7'41" E  

1280 m 

Dominant species Quercus ilex 

Semi-Arid 

Hamda1 33°51'22" N 

2°51'6" E 

781 m 

Agricultural utilization, viviculture 
Hamda2 

Saharan 

Station Citrus  30°37'1" N 

2°52'46'' E 

388 m 

agroecosystem Citrus limon 

Station Olea agroecosystem Olea europaea 

Oasis not degraded  30°30'13" N 

2°55'25" E 

360 m 

Palm Phoenix dactylifera abandoned near the lake of El-Golea 

Oasis degraded 
Date palm Phoenix dactylifera preserved near the lake of El-

Golea 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Geographical location of region studied in Algeria and sampling sites. 

 

Figure 1: Geographical location of region studied in Algeria and sampling sites. 
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3. Methods 

 

Pitfall Barber traps (Barber, 1931) were used as it 

is the efficient method for collecting soil invertebrates. 

five pitfall traps were used for each selected habitat. 

The traps consist of plastic containers (10 cm deep, 

7.5 cm diameter) dug, levelled with the soil surface 

and 1/3 filled with fixative solution (4% 

formaldehyde). The traps were separated at least 3 

meters from each other, were operational between 

November 2015 and December 2016 and monthly 

emptied. The collected isopoda were separated from 

the rest and identified using a Stereomicroscope and 

Hopkin (1991) determination key. Abundance study, 

diversity and Evenness are following Ramade (2003), 

Dajoz (2006), Barbaut (2008).  

 

4. Results 

 

A total of 489 individuals of isopoda were sampled 

in the different bioclimatic stages (Table 2). They 

belong to 4 families and 5 genera.  

 

Table 2 

Isopod abundance collected in the seventeen sampling sites 

in Algeria.  

 Number of stations Abundance 

Humid 7 23 

sub-humid 5 29 

semi-arid 1 315 

Saharan 4 122 

N 17 489 

 

315 individuals were collected in the semi-arid 

plots; it is the most abundant region. The Saharan sites 

follow with 122 individuals. At humid and sub-humid 

region, number of individuals is lower (23 and 29 

respectively) (Table 2).  

 

 
 

Figure 2: Family abundance at different studied regions. 

 

Our study show that Porcellionidae is the most 

abundant family, it represents 78% (Figure 2), it is 

divided between Porcelio and Porcelionides. 20% of 

harvested isopods belong to Armadillidiidae   family. 

Ten individuals of Philosciidae were collected (2%) 

and only 2 represent Ligiidae family, it is the less 

sampled one.  

 

5. Discussion 

 

In this study, we analyse the evenness and 

abundance patterns of soil arthropod communities 

(isopoda, Oniscidea) in a few contiguous study plots in 

Algeria. these groups have been demonstrated to be 

good indicator of environmental (Paoletti and Hassal, 

1999; Pitzalis fish, 2005, 2010). The terrestrial isopod 

communities inhabiting mountains have not received 

much attention in the isopodological literature. Leaf 

litter decomposition is an important process in the 

nutrient cycle of forests (Chew, 1974; Swift and 

Anderson, 1989). Feeding activity of saprophagous 

macro arthropods, such as isopods, and the associated 

fragmentation of plant litter material plays an essential 

role in the incorporation of organic matter into soils. 

Terrestrial isopods also feed predominantly on fallen 

leaf litter and soft, decaying plant material (Gruner, 

1966).  

 

6. Conclusion 

 

Isopods are very important part of soil fauna, their 

roles as bioindicators is not to be underestimated. Four 

families were recorded in the different bioclimatic 

regions; they are closely related to soil nature, 

vegetation degradation and other ecological 

conditions.  
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Abstract 

Island systems typically appear as natural laboratories of evolution in which patterns and ecosystem processes can be tackled 

optimally, especially on small islands. Our study site is a small island environment located on the central coast of Algeria near 

Réghaia. The island of Agueli has an area of 212 m². It is located one kilometer off the coast. The prospected environment is included 

in the Réghaia lake nature reserve. The aim of the study is to take stock of biodiversity in this island environment. The floristic 

inventory carried out on the island of Agueli shows the existence of a monostratified vegetation composed of 6 species which are 

distributed over 4 different botanical families: Apiaceae, Chenopodiaceae, Fabaceae and Malvaceae. This study also revealed that the 

total number of animal species counted is 28. They are divided into 23 species of Arthropods, 3 species of birds and 2 species of 

reptiles. Among the recorded reptiles, an endemic species from north Africa of the Trogonophidae family was recorded. 

Keywords: Agueli Island; Flora; Fauna; Trogonophidae. 

1. Introduction 

 

Insular systems typically appear as natural 

laboratories of evolution in which patterns and 

ecosystem processes, generally simplified in these 

spatially reduced communities, can be tackled 

optimally, especially on small islands (Honer and 

Greuter, 1988). These ecosystems are known for their 

great vulnerability to disturbances of all kinds, and 

particularly to the introduction of animal and plant 

species. The various threats (Delanoë et al., 1996) that 

weigh on island ecosystems have various origins: 

urbanization of the coast, pollution, agriculture and 

livestock, tourism development, water management, 

fires, invasive species. Similarly, the great vulnerability 

of island endemic taxa is now universally accepted. 

Thus, most terrestrial endemic coastal species must be 

considered as endangered (Le Neidre, 2002). One of the 

peculiarities of the Mediterranean basin is its large 

number of islands (Greuter, 1995). There are 

approximately 5000 islands and islets in the 

Mediterranean, of which about 4000 are less than 1000 

hectares (Montmollin and Strahm, 2005). 

In Algeria, the faunistic and floristic systematics of 

island ecosystems is not yet well assessed. Researchers 

have been working in Algerian islands and islets on 

specific species; we can cite the work of Jacob and 

Courbet, 1980; Moulai and Ramdane, 2006; and 

Bougaham, 2008. The aim of this work is to make an 

inventory as complete as possible on the flora and fauna 

of the island of Agueli located in the central region of 

Algeria, 30 km east of Algiers. 

2. Material and methods 

 

2.1. Study site 

 

 Our site of study is the marine part of the hunting 

center of Réghaia. It comprises the small rocky island 

of Agueli with an area of 212 m² located one kilometer 

off the coast (Fig.1). The proposed area is included in 

the Réghaia Lake Nature Reserve. It is located 30 km 

east of Algiers, on the northeastern limit of the Mitidja 

plain: Longitude 3°19 and 3°21 E; Latitude 36°45 and 

36°45 N, and 14 km from the wilaya of Boumerdes. 

The reserve is bordered from the north by the 

Mediterranean Sea, from the south by the national road 

24 linking Algiers to Constantine, from the east by the 

town of Boudouaou and from the west by the town of 

Ain-Taya (Thibault, 2006). 
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 The island of Agueli and the Réghaia region are 

classified in the sub-humid bioclimatic stage in mild 

winters, in general this region is characterized by 

maximum temperatures of 32.89 degrees in August and 

of 16.94 degrees in the month of January. Minimum 

temperatures in this region are in the order of 5.97 

degrees in February and 20.46 in August. Precipitation 

is extremely variable, with January being the most 

watered month with an average of 53.1 mm (MATE1, 

2005). 

 

 
Fig.1 – Location of the study area 

 

3. Methodology 

 

Before scheduling field trips, we check the weather 

data of the day which can give us information on the 

state of the sea. The purpose of sampling is to obtain 

from a given surface, as restricted as possible, a faithful 

picture of the whole stand. Various capture methods can 

be used to capture animals and especially insects based 

on their habitats. The sampling methods used in the 

field are either catching the animals by hand or catching 

the netting. This type of sampling only allows one to 

have an idea about the species existing in a given 

environment. 

The plant inventory at Agueli Island was carried 

out using systematic sampling, so that we sample one 

specimen of each species from the plant stand. The 

harvested species are placed in paper bags and 

transported to the laboratory for determination. A 

comparative analysis of the floristic stands with a 

 
1 « Ministère de l'Aménagement du Territoire et de l'Environnement » 

coastal environment very close to the island which is 

the lake of Reghaia was carried out. 

 

4. Results 

 

The floristic inventory carried out on the island of 

Agueli shows the existence of a monostratified 

vegetation composed of 6 species distributed over 4 

different botanical families (Table1). 

 

Table 1 

Floral composition of the island of Agueli 

Families Species 

Apiaceae Crithmum maritimum L. 

Chenopodiaceae 

Atriplex prostata L. 

Chenopodium album L. 

Salicornia sp. 

Fabaceae Lotus creticus L. 

Malvaceae Lavatera cretica L. 

 

The table above summarizes the different categories 

and the number of species per animal family recorded in 

the study station. A total of 28 species have been 

recorded, including 23 species of Arthropods, 3 species 

of birds and 2 species of reptiles (Table 2). 
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Table 2  

The animal species inventoried in the Island of Agueli 

  Categories   Orders   Families   Species  

 Arachnida Araneae 

Salticidae Evarcha sp. 

Thomizidae Oxyptilia sp. 

Scytodidae Scytodes sp. 

Dysderidae Harpactea sp. 

Theridiidae Theridon sp. 

 Insecta 

Orthoptera Acrididae Aiolopus thalassinus 

Coleoptera 

Tenebrionidae 

Philon gibus 

Blaps gigas 

Pimelia sp. 

Alleculidae Heliothaurus rufficolis 

Coccinellidae 
Adalia ducempunctata 

Hippodamia variegata 

Hemiptera 
Lygaeidae Geocoris sp. 

Pyrrochoridae Pyrrochoris apterus 

Lepidoptera 

Lycaenidae Lampides boeticus 

Pieridae Pieris rapae 

Arctiidae Utetheisa pulchella 

Noctuidae Noctuidae sp. 

Neuroptera Myrmeleontidae Myrmeleon formicarius 

Hymenoptera Apidae Apis mellifera 

Diptera 

Syrphidae Syrphidae sp. 

Callipharidae Lucilia sp. 

Sarcophagidae Sarcophaga sp. 

 Reptilia 
Sauriens Lacertidae Lacertidae sp. 

Squamata Trogonophidae Trogonophis wiegmanni 

 Aves 

Suliformes Phalacrocoracidae Phalacrocorax aristotelis 

Charadriiformes Laridae Larus michahellis 

Apodiformes Apodidae Apus pallidus 

 

5. Discussion 

 

The floristic richness recorded on the island of 

Agueli reveals the presence of 6 species spread over 5 

different botanical families. The family of 

Chenopodiaceae dominates with 3 species that are 

Atriplex prostata, Chenopodium album and 

Salicornia sp. The other families are represented by a 

single species each; these are respectively Crithmum 

maritimum for Apiaceae, Lotus creticus for Fabaceae 

and Lavatera cretica for Malvaceae. Among the 

botanical species listed A. prostata covers important 

areas on the island. Gray-Wilson (1997), reports that 

this plant has a wide distribution; it frequents crops, 

waste lands, wasteland, in saline environment both in 

the land and on the coast. Medail and Vidal (1998) class 

Crithmum maritimum among the most common 

halophilic species. In the island systems of the regions 

of Béjaia and Jijel, Benhamiche-Hanifi and Moulai 

(2012), report that the invasive presence of the Larus 

michahellis influences its nesting sites, including the 

islands, vegetation, grubbing of plants during the 

making of nests, grubbing of buds, as well as by excreta 

and guanos which denature the soil. Similarly, 

Ghermaoui (2010) reports that grubbing, trampling, 

intake of chemical compounds, salinization and excess 
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enrichment of organic matter are the main causes of leaf 

damaging the vegetal cover. Thus, the increase in the 

number of the Larus michahellis on the island can lead 

to nitrophication of the soils and an evolution of the 

vegetation cover with a development of the nitrophilous 

plants. 

The results of our surveys on the island of Agueli 

revealed the presence of a fauna which consists mainly 

of 5 species of Arachnids, 18 species of Insects, 3 birds 

and 2 reptiles. In the order of the Arachnids only 

Spiders were captured. All sampled individuals are at 

the juvenile stage, making their identification very 

difficult. No work has been cited previously on the 

spiders of the insular environments in Algeria. Our 

results revealed the presence of 5 species of spiders 

belonging to 5 different families. Harpactea sp is the 

least observed species on the island because it was 

caught only once, unlike other species that contain a 

considerable number of individuals such as the case of 

Evarcha sp and Schytodes sp. Kovoor and Muñoz-

Cuevas (2000), in their work on the diversity of 

Arachnids in the islands of Hyères (Porquerolles and 

Port-Cros, Var, France), indicate that some closure of 

the environment results in the development of large- 

Spiders belonging to a limited number of species. 

The entomological fauna recorded in the island of 

Agueli is divided into 7 orders, 15 families and 18 

species. In general, not all orders of insects of which the 

entomological fauna is composed have been studied 

with precision, except for a few which have been 

inventoried or reported in the diets of a few species of 

birds. At the level of our study station the order of the 

Coleoptera is the most represented with 6 species, 

followed by the order Lepidoptera with 4 species, the 

Diptera with 3 species, the Hemiptera with 2 species 

and finally the Orthoptera, Neuroptera and 

Hymenoptera with one species each. The family 

Tenbrionidae presents three species which are Philon 

gibus, Blaps gigas and Pimelia sp. Soldati (2009) 

recognizes the results of entomological surveys 

obtained in the Galite islands (Tunisia) that this 

entomological fauna proves to be relatively poor in 

species. On the other hand, each specialist observes 

rather quickly in his sphere that it always contains 

elements remarkable either because of the existence of 

endemic species and forms with very curious archaic 

characteristics or marked biogeographic interest. 

Entomological species recorded at Agueli Island show 

remarkable numbers, except for the case of Aiolopus 

thalassinus, which is the only representative species of 

the Orthoptera on the island, only two adult individuals 

were caught. 

In the reptile category two species were noted on 

our study area, Trogonophis wiegmanni observed for 

the first time on the island of Agueli, and this once we 

raised a few stones at the time of collection of 

Arthropod samples; and a species of Lacertidae 

observed in situ. Contact with the last species was 

insufficient to identify the genus and species. Currently, 

T. wiegmanni is considered the only representative of 

the genus Trogonophis, occurs in North Africa. It is a 

northern Maghreb endemic species comprising two sub-

species T. w. elegans found in the northwest of the 

Moroccan Atlas and T. w. wiegmanni, the nominal 

subspecies spread from eastern Morocco to the Aures in 

eastern Algeria (Peyre, 2007). Matz and Vanderhaege 

(2004) report that this Amphisbene, which inhabits 

eastern Morocco, Algeria and Tunisia, is less frequently 

observed, as it is a burrowing species of soft soils where 

it digs deep galleries and does not come rarely on the 

surface. Reptiles can serve as prey for gulls on the 

island, making their presence discreet. Genovart et al. 

(1997) in Peyre (2007) report that the stomach contents 

analysis of Audouin's Gull and Leukophy Gull from the 

Cherifian Islands shows non-negligible cases of 

predation on reptiles Trogonophis wiegmanni and 

chalcides ocellatus. 

The avifauna recorded on the island is represented 

by 3 species, Phalacrocorax aristotelis, Larus 

michahellis and Apus pallidus. The study environment 

is a biotope par excellence for the reproduction of 

Leukophy Gull, we noted the presence of several nests 

containing chicks of a few days. In spite of the small 

surface of the island, this Goeland colonizes in some 

way this biotope where we found places completely 

contaminated with these excrements, and many of his 

balls of regurgitas were picked up on the spot. In 

addition, some individuals of the crested cormorant 

were observed on the rocks at the foot of the island. 

Holden (1996), reports that the crested cormorant 

prefers rocky coasts and rarely penetrates into the 

interior. Soldati (2009), reports that the richness of a 

fauna depends mainly on the relief, the ecological 

stations, the constitution of the soil and for a large part 
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of the flora, itself also dependent on the first conditions. 

The study area covers an area of 212 m² in which the 

inventoried species are organized so that they occupy 

the sunny places and the less exposed to the winds. 

Nouira (2004), states that the specific richness of an 

island is related to its area and its remoteness from the 

continent. This rule has been verified in most of the 

Tunisian islands. In general, the specific richness of an 

island increases with the increase of its surface area 

(Arrhenius, 1921). Similarly, Franceschi (1994) reports 

that the variations observed in the composition of the 

various Mediterranean island fauna are correlated with 

considered geographical area. This essential factor does 

not explain everything, it is necessary to take into 

account the distance that separates the island from the 

nearest continent and the variety of its biotopes. We 

have noticed on the island that among the factors likely 

to cause disturbances in the studied environment, the 

overcrowding of the island by people and the pollution 

due to solid waste. Krakimel (2003), reports that the 

origin of impacts on island environments may be due to 

hunting, egg collection, water pollution (not strictly 

related to tourism), trampling, infrastructure, barbeque 

fires and pollution (not strictly related to tourist 

activity). 
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Abstract 

 

Callosobruchus maculates (Fabricius) is a major insect pest of stored-grain legumes in any countries. In the present study, 

fumigant toxicity of essential oils from Cymbopogon scheonanthus L. spreng was assessed on the adults of Callosobruchus 

Maculatus F. At a temperature of (28±2) °C, 75±10% relative humidity (r.H.). The essential oils vapors were effective and 

completely controlled the biological development of this insect. This oil was used in concentrations of 35.71, 71.43, 142.86 and 

285.71 µL.L-1air. The mortality of adults increased with increased concentration and exposure time. LC50 values for oil from C. 

scheonanthus after 24h exposure was 337.58 µL.L-1air. Therefore, the results suggest that essential oils from the studied plants may 

be used against Callosobruchus Maculatus in grain storage.  
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1. Introduction  

 

Synthetic chemical insecticides have been used 

since past years to control stored grain pests. The 

continuous uses of chemical insecticides are the result 

of serious situations, including the development of 

resistance by insects, pollution of environment and 

side effects on human health.  

Essential oils and their derivatives are recognized 

at an alternate means of controlling many harmful 

insects which are rapidly degradable in the 

environment and harmless to no target organisms.  

The insecticidal activity of a large number of 

essential oils and other plant extracts has been assessed 

against several major agricultural pests (Regnault-

Roger fish, 1993; Regnault-Roger and Hamraoui, 

1993; Golob fish, 1999; Weaver and Subramanyam, 

2000; Kéita fish, 2001; Lee fish, 2001; and 

ronikashvili, and Reichmuth, 2002; Kalinovic fish, 

2002; Papachristos and Stamopoulos, 2002; Kim fish, 

2003; Park I.K. fish, 2003). Therefore, the aim of the 

present study was carried out to determine the 

insecticidal activity of the essential oil from 

Cymbopogon scheonanthus plant in Tamanrasset, 

against Callosobruchus Maculatus F. under 

Laboratory conditions. The work described here 

extends the previous studies by investigating whether 

the fumigant toxic effect of this oil on Callosobruchus 

Maculatus F. Adults might be enhanced by a second 

toxic effect involving inhibition of reproduction 

through disruption of oviposition, i.e whether a double 

effect would be induced an immediate lethal effect on 

the adults, complemented by inhibition of reproduction 

of any survivors such a combined effect would 

increase interest in the use of essential oils in the 

management of this beetle. Weaver and Subramanyam 

(2000), suggested that fumigant activity in botanicals 

could have a greater potential use than grain 

protectants in future on the basis of their efficacy, 

economic value and use in large-scale storages.  

2. Material and method 

2.1. Plant material 

Plant material of the species were used in the 

experiments. Cymbopogon schoenanthus L. spreng 
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(Poaceae) was collected in the southern region of 

Algeria (Tamanrasset).  

 

2.2. Insect 

 

Callosobruchus Maculatus F. Adults were collected 

from stores and mass-reared on a local variety of 

chickpea weevil under laboratory conditions 

(28±2) °C, (75±10) % relative humidity (r. H.). This 

insect is cosmopolitan and infests stored products of 

economic importance in Algeria, and may be easily 

cultivated in laboratory.  

 

2.3. Experimental procedure 

 

Concentrations of 35.71, 71.43, 142.86 and 

285.71 µL.L-1air of Cymbopogon scheonanthus was 

infused on the filter paper disk of 6 cm in diameter that 

was attached to the caps of glass vials of 280 mL 

volume. Fifteen pairs of C. Maculatus adults were 

introduced into each jar containing 50 g seeds. In 

control containers no essential oil was used. The 

experiment was replicated four times. Mortality was 

recorded after 24, 48, 72 and 96 h exposure time. The 

dose-response data were subjected to probit Analysis 

to determine the LC50 and LC90 values for a 24h 

exposure under constant climatic conditions. Weevils 

Adult having survived the treatment oils are 

maintained on chickpea seeds until they die. The laid 

eggs were counted under a binocular microscope from 

the 5th day. 

 

2.4. Statistical analysis 

 

Data of toxicity studies were corrected for control 

mortality according to Abbott’s formula (Abbott, 

1925), when mortalities in the control ranged between 

5 and 20%. Probit Analysis according to Finney 

(1971) was employed in analyzing the dose-mortality 

response. LC50 and LC90 values. Significance of 

mean differences between treatments and control were 

Statistically compared using an Analysis of variance 

(ANOVA).  

3. Results 

The results showed that insect mortality varied 

with the essential oil type, concentration and the 

exposure time. The essential oil extracted from C. 

scheonanthus were highly toxic after 24h against 

Callosobruchus Maculatus at higher doses 

(142.86 µL.L-1and 285.71 µL.L-1air) (Figure 1; 2). 

After 48h, the two oils had a very significant effect 

with 100% at a concentration of 142.86 µL.L-1. The 

LC50 and LC90 values presented in table 2. The 

statistical analysis showed a very highly significant 

difference between the mortality averages of 

C. Maculatus (P<0.0001), regardless of dose and 

exposure time (Table 3). The number of eggs laid by 

females under treatment conditions indicated that 

essential oil affected oviposition during the treatment. 

Essential oil inhibited the development of 

C. Maculatus eggs at 71.42 µL.L-1 (Figure3). The 

essential oil exerted greater insecticidal activity and 

ovicidal activity compared with that in the control.  

Table 1  

Mortality rate (mean±SE) among adult C. Maculatus after exposure to essential oil vapours for different doses and periods 

Essential oils 

Cumulative mortality rate (%) 

Exposure 
Time 

(hours) 

Doses 
(µL/L 

air) 

0 35. 71 71. 42 142. 86 285. 71 

C. Schoenanthus 

24h  0. 00±0. 00C 32.3±0.8b 80.0±2.9a 100.0±0.0a 100.0±0.0a 

48h  0. 00±0. 00C 95.0±3.3b 18.3±3.78a 100.0±0.0a 100.0±0.0a 

72h  0. 00±0. 00C 100.0±0.0b 100.0±0.0a 100.0±0.0a 100.0±0.0a 

96h  0. 00±0. 00C 100.0±0.0b 100.0±0.0a 100.0±0.0a 100.0±0.0a 
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Table 2 

Mean values of LC50 and LC90 of essential oils 

on adults of C. Maculatus C. schoenanthus 

LC 50 (µL.L-1air) 41.48 

LC 90 (µL.L-1air) 82.85 

 

 

Table 3 

Analysis of variance 

Plant Ddl F P 

C. Shoenanthus 

Tamanrasset 
7 242.166 <0.0001 

 

 
Figure1: Susceptibility of C. Maculatus adults to C. Shoenanthus oil after 24, 48, 72 

and 96 h exposure time. 

 

 
 

Figure2: Reduction of oviposition by C. Maculatus females during treatment with 

doses of C. Shoenanthus essential oil. 
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4. Discussion 

 

The mortality of adult C. Maculatus has increased 

with increasing of concentrations of Ocimum 

Basilicum, O. Gratissimum, A. Scoparia and A. 

Sieberioils (Kéita fish, 2001; Sanon fish, 2002. 

Negahban fish, 2006). similar results were reported by 

(Ketoh fish, 2005), the essential oil from Cymbopogon 

Schoenanthusb (Poaceae) showed development 

inhibition in all stages of Callosobruchus Maculatus 

(Coleoptera: Bruchidae). The essential oils from 

Artemisia Annua, Artemisia Scoparia, Artemisia 

Selengensis and Artemisia Sieversiana (Asteraceae) 

oils showed strong fumigant and contact activity 

against Callosobruchus chinensis (Coleoptera: 

Bruchidae) (Yuan fish, 2007). A mortality of 100% 

was obtained with essential oils of C. Martini, P. 

Aduncum and L. Gracillis at all concentrations, at 30 

to 50 mL/20 g. The reduction in viable eggs and 

emerged insects was observed (Pereira fish, 2008). 

The fumigant activity of Carum copticum (Apiaceae) 

and Vitex pseudo-negundo (Lamiaceae) essential oils 

against eggs, larvae and adults of C. Maculatus 

wastested. The lethal concentration of the essential oil 

to kill 50% of the population (LD50) for egg, larvae 

and adult was found to be 0.90, 1.01 and 2.5 µl.L-1 air 

of C. Copticum oil, followed by 2.20, 8.42 and 

9.39 µL.L-1air essential oil of V. Pseudo-negundo, 

respectively. (Sahaf and Moharramipour, 2008). The 

essential oils extracted of Ageratum conyzoides 

(Asteraceae), Citrus aurantifolia (Rutaceae) and 

Melaleuca quinquenervia (Myrtaceae) was tested by 

fumigation on the flightless form of the C. Maculatus. 

these oils presented an insecticidal activity and 

induced, in the females of C. Maculatus, a very 

significant reduction of laying (4.79±0.75) with 

C. Aurantifolia, 3.75±0.28 with A. Conyzoides and 

1.81±0.53 with M. quinquenervia at the lower 

concentration (6.7 µL.L-1) compared to that in the 

control (51.23±0.32). (Nondenot fish, 2010).  

5. Conclusion 

The essential oil from the aromatic plant 

Cymbopogon scheonanthus, have insecticidal 

properties which on the one h and exert a lethal effect 

on adults and also exhibit inhibition of reproduction: 

decrease fertility. The results obtained on toxicity of 

essential oil, they show have an insecticidal effect on 

C. Maculatus studied, which varied depending on the 

dose used oil and the exposure time.  

The use of essential oil in suitable control insect 

pests in countries developing could be a 

complementary alternative approach to conventional 

insecticides treatments. There have been numerous 

research studies on plant products as fumigants against 

insect pests of stored products. Besides toxicity tests, 

attention has been focused to elucidate their mode of 

action in insects. Despite the achievements 

encouraging, the effectiveness of these oils essential 

remains to be demonstrated in real situations. Further 

experiments are needed to clarify the nature of (or) 

compound(s) responsible(s) of this activity to optimize 

the effective doses because it is well known that the 

individual components and purified act at low doses.  
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