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ABSTRACT

The Gulf of Arzew, northwestern Algeria, constituting one of the biggest petroleum area in
the world, is one of the most polluted region in the Mediterranean Sea. A good way to
know the degree of this pollution that undergoes this region is to assess the number of
living pollution sensitive species. Consequently, the mollusks populations seem to be a
good indicator of the intensity of this pollution.
For this purpose, it has been recorded a certain heterogeneity in the distribution of
mollusks species and one found low densities in the different Twin analyses which seems
to be due to the progression of the mud in some stations in one hand and the impact of
pollution from the industrial area in the second hand. This set of species is, therefore,
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characterized by a stable installation of muddy species. However, in all Twins, has been
reported the appearance of a transition zone, consisting of a mixture of sand and vases
and characterized by low diversity where species muddy dominate.
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1. INTRODUCTION

The settlement of the mollusks in the Gulf of Arzew is exposed to various wastes from both
the urban and the principal petrochemical area of North Africa. Industrial spilled wastes
discharged into the sea induced a physic-chemical pollution which cause disturbances of the
aquatic ecosystem and changes in the structure of the benthic ecosystem both qualitatively
and quantitatively [1-3].

The wastewater discharge along the coast of the Gulf influenced by the unstable conditions
of the environment causes long-term changes in the composition of the benthic biota [4].
Studies of pollution in the Gulf of Arzew showed that the west zone is mostly affected by
serious pollution of hydrocarbons [5].

In addition to pollution, hydrodynamics, morphodynamics and morphology of coastal sands
indirectly affect the composition, density, and biomass of the coastal sands macrobenthos.
This has allowed some studies to show the existence of a strong link between the
macrobenthic populations and sediment type of their habitat [6,7]. The excess of organic
matter at the bottoms also presents serious data [8]. Several studies were concerned with
biotic and abiotic factors and recognize the importance of these two parameters in the
distribution of local diversity and spatial heterogeneity of species [9-11].

In this study, one should explore the Mollusks presence in an area threatened by several
form of pollution and witness the distribution of this community based on the texture of the
Gulf sediments.

2. MATERIALS AND METHODS

The Gulf of Arzew is located to the west of Algeria (35°56 'N and 00 0°25' 09 W, 36°56 '
00 N and 0°6'00 W) between Cape Carbon and the Salamander Tip (Fig.1). From a
morphometric perspective, the continental shelf has a very steep slope at the foot of
Ourousse and Sicioum mountains (near Cap Ferrat and Cap Carbon). In other sectors, we
note the presence of a gentle slope till the mouth of Cheliff River. Especially between 50 and
100 m isobaths, the bottoms go down to very gentle slope [12]. The Atlantic current entering
through the Strait of Gibraltar causes a movement of masses in the Mediterranean basin
(Fig. 1). The Algerian current moves eastward flowing the coastline, creating from 1°-2° of
upwelling between two cyclonic eddies and anti-cyclonic [13,14]. At the Gulf of Arzew, there
is one division from a branch of the Algerian current causing a tackle against the Gulf coast.
This allows the movement of the fine fraction in the Gulf, creating an extension of the large
mudflat towards the west [15-17].
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Fig. 1. Surface Streams in the gulf of Arzew [12]

Fig. 2. Sedimentary map of the gulf of Arzew

The study of mollusks population in the Gulf of Arzew is based on a sampling campaign
carried out in winter 2011. The samples were collected from 46 stations between -16 m and -
96 m, using the Aberdeen (Smith McIntyre) grab with two shots of skips per station,
sweeping an area of 0.2 m2 sample (Fig. 3). For each station, a rude sort was provided by a
sieve of 1mm mesh size. Filtered samples are kept in 10% formalin and then identified into
species. In sediment, samples were collected for particle size analysis in order to delineate
the different parts of the litho logic Gulf (Fig. 2).
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Fig. 3. Gulf of Arzew. Location of sampling stations

Distribution and community structure of mollusks were described on the basis of the use of
diversity indices. To evaluate the distribution structure of the population of mollusks, we used
species diversity described by the Shannon diversity and Evenness indices [17]. The results
interpretation is based on faunal data expressed as species richness and dominance. The
data were processed by the method of TWINSPAN (Two Way Indicator Species of Analysis)
using a table of presence and absence with a richness of 66 species. The result of the
analysis provided a table (in the intersection of rows and columns there is the class of the
species in the station) from which we perform a classification based on several dichotomies
(Table 1). This classification was used for stations in this analysis as a basis and then the
species were distributed and classified according to their ecological preferences [18]. This is
followed by the CFA (Correspondences Factorial analyses) to better visualize the distribution
of groups of stations in a graph.

3. RESULTS AND DISCUSSION

A total of 66 species were identified in all sampling stations. From the perspective of species
richness, we report a significant diversity of mollusks in the eastern Gulf and high abundance
in stations far from the pollution sources of the industrial area and in the stations with
negligible silt fraction. The result of the TWINSPAN analysis was pictured horizontally and
vertically with stations species (Table 1). Intersections express different classes of
species.The biological analysis shows the existence of different groups of mollusks which
are distributed according to the sediment texture. The edaphic factor allows installation of
the species according to their ecological preference [19].

The observations show that the distribution of mollusks in the Gulf of Arzew takes into
account their ecological preference in relation with the substrate. We record some
heterogeneity in species distribution due to siltation of much of the Gulf, on one hand and an
imbalance between species and individuals which is much more in the West than, on the
other hand. The information provided by the TWINSPAN classification and the AFC also
confirms this result (Table 2 and Figure 4). We observe in the dendrogram the appearance
of three (03) sets of stations, each of which is a set of stations in the form of twin1, 2 and 3.
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Table 1. Matrix dual inputs (Code of species richness and relative abundance) in
different stations of the Gulf of Arzew

The Twin 1 is characterized by pure mud stations except Station 24. This group consists
mainly of species including Nucula sulcata Bronn, 1831 Abra (Lamarck, 1818) and Abra alba
(W. Wood,1802) accumulating on their own, a dominance of 77.83%, followed by Corbula
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gibba (Olivi,1792), Thyasira sarsi (Philippi,1845), species with wide ecological distribution.
This set is a little diverse population because of poor distribution of individuals among
species (Table 2). The Twin 2 collects sediment stations whose texture is dominated by fine
sand except sand vases stations: A2, E4 and F4 where the fine fraction is very important,
85.10%. The faunal composition is mainly composed by sandy species: Spisula
substruncata (da Costa, 1778), Notocochlis dillwynii (Payraudeau, 1826), Loripes lucinalis
(Lamarck, 1818), Astarte digitaria (Linnaeus, 1867) and Tellina pulchella (Lamarck, 1818)
whose cumulative dominance is 82.24%. The Twin 3 is a transition zone where we meet a
set of stations vase pure, fine sand and silt silted sand which has enabled the group to
collect various sandy species (Astarte Digitaria (Linnaeus, 1867), Abra tenuis (Montagu,
1803) and Tellina pulchella (Lamarck, 1818)) vasicola (Nucula sulcata (Bronn, 1831), Abra
alba (W. Wood, 1802) and Acanthocardia paucicostata (G.B. Sowerby II, 1834) and LRE
(Cerithium vulgatum (Bruguières, 1792) and Modiolus barbatus (Linnaeus, 1758)). The
installation of a considerable rate of mud limits the biodiversity in these stations. We observe
in the dendrogram the appearance of three (03) sets of stations, each of which is a set of
stations in the form of twin (Twin 1, Twin and Twin 2 3). The information provided by the
TWINSPAN classification and the AFC also confirms this result (Table 2 and Figure 4).

Fig.  4. Gulf of Arzew. Dendrogram of stations classification.
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Table 2. Mean values of diversity indices stations in the Gulf of Arzew.

Shannon index (H’) Evenness  (J)
Twin 1 1.04 0.53
Twin 2 1.73 0.84
Twin 3 1.49 0.67

The second twin is divided into two sets A and B. Twin A is characterized by a high
percentage of stations comprising sandy species characteristic of fine sands. Twin B brings
together a group of stations with a heterogeneous composition of fauna due to the presence
of significant levels of silt in the stations that constitute it.

As for the correspondence analysis, the results are similar to those of the TWINSPAN
analysis. We observe about 60% of the total inertia of the system with two factorial axes 1
and 2 (Fig. 5).

Axis F1 brings together a number of stations with the fine fraction dominating and is
characterized by a group of muddy species low abundance.
In this case, the high fraction of negative pelite impacts on the production of this area and
causes heterogeneity of the community of mollusks.

The second set is characterized by a high percentage of sand silt stations except E4, F4 and
A2. This set offers two Twins corresponding to richness and a fair distribution of individuals
among species (positive values of axes F1 and F2).

The third group takes a character of a transition zone because it consists of a set of stations
where sediment texture is different. Thus we record, low abundance and poor distribution of
species due not only to the advancement of the mud towards the western Gulf, but also the
influence of pollutant discharges that appears at stations B2, C1 and C5.
The main conclusion seems to be that the position structure of mollusks is more directly
related to soil conditions and chemical environment.

Fig. 5. Correspondences Factorial analyses.
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Fig. 6. Diversity of average sand various mollusks Twin

Only Twin 2 stations represented by sand with fine fraction are negligible. With a good
distribution of species and high diversity of mollusks species, we noted a strong dominance
of sandy species.

For the protection of the aquatic ecosystem, previous works has showed both the
importance of the milieu characteristics in the region of Marseille (south of France) and the
interest of a re-colonization by Polychaetes annelids non animal sediment pollution in the
test chambers in the harbor of Toulon [20,21]. Also, recent results showed a response of
benthic communities to various disturbances, knowing that the benthic fauna is acting as an
ecological indicator of the environment and the system state [22].

4. CONCLUSION

This study revealed heterogeneity of the individual distribution among species and low
densities in the different Twin which is due to the mud progression in some stations and the
potential pollution impacts of the industrial area. This incidence is characterized by a
permanent installation of muddy species. In all Twins, the appearance of a transition zone
was observed, consisting of a mixture of sand and vases species with low diversity, and
where muddy species dominated.

The study clearly showed that the mollusks populations are mainly concentrated in the east
of Arzew’s Gulf. We persist in thinking that this could be due to the fact that the
petrochemical area is in the west of the Gulf and that discharges of oil resulting greatly
influence the size of these populations. Thus, in order to repopulate the area western it
would make sense to substantially reduce such noxious emissions released.

ACKNOWLEDGEMENTS

Many thanks to Prof. Dr. Magda Vincx, University of Gent (Belgium) for the assistance she
has given me for the software processing.



Anani et al.; JSRR, Article no. JSRR.2014.008

364

COMPETING INTERESTS

The authors have Declared that no competing interests exists.

REFERENCES

1. Boesch DR. A new look at the zonation of Benthos along the estuarine gradient.
Ecology  of  marine  benthos. Coull (Ed), univ. South of Carolina Press, Columbia S.
C. USA. 1977;467:254-256.

2. Amanieu A et Lasserre G. Organisation et évolution des peuplements lagunaires.
Oceanol. Acta. Proceedings International  at  Symposium on coastal lagoons, Scor
/cor / Iabo / unesco, Bordeaux (France) , 8 – 14 Septembre. 1982;201-213. French.

3. Bryan GW, Gibbs PE, Hummerstone LG. et Burt GR Copper. Zinc and organitic as
long term factors governing the distribution of organisms in the fall estuary in
southwest England. Estuaries. 1987;10:208-219.

4. Stora G, Arnoux A et Galas M. Time  and  spatial  dynamics of  Mediterranean  lagoon
macrobenthos  during  an  exceptionally  prolonged  interruption  of  freshwater
inputs. Hydrobiologia. 1995;300/301:123-132.

5. Sebbih S. Dosage des hydrocarbures par deux méthodes chromatographiques en
phase liquide et en phase gazeuse. Cas du golfe d’Arzew. Thèse de Doctorat d’état ,
univ. USTHB, Alger. 1995 ;185-192.French.

6. Bourcier M. Economie benthique d’une baie méditerranéenne largement ouverte et
des régions voisines en fonction des influences naturelles et humaines. Thèse de
Doctorat d’état, univ. Aix Marseille II. 1976;161. French.

7. Degraer S, Volckaert A. et Vincx M. Macrobenthic zonation patterns along a
morphodynamical continuum of macrotidal, low tide bar/rip and ultra-dissipative sandy
beaches. Estuarine, Coastal and Shelf Science. 1999;56:459-468.

8. Bakalem  A et  Romano  JC. Les   sources   de   pollution   sur   la   côte   ouest
algérienne. Notes preliminaries. Bull. Soc. Hist. Nat. Afr. Nord. 1981;79(3-4):131-136.
French.

9. Cornell HV, Karlson RH. Species richness of reef-building corals determined by
regional and local processes. Journal of Animal Ecology. 1996;65:233-241.

10. Caley MJ, Schluter D. The relationship between local and regional diversity. Ecology.
1997;78:70–80.

11. Karlson R, Cornell HV. Scale-dependent variation in local vs. regional effects on coral
species richness. Ecological Monographs. 1998;68:259-274.

12. Caulet J. Les  sédiments  organogènes  du  pré continent  algérienl; 1979.
13. Mém. Museum Nat. Hist Nat, Paris, Sér. C. 1972;25,1-289. French.
14. Millot JC. Circulation   in   the   western Mediterranean   sea. Oceanologica Acta

1987;10(2):134-149. French.
15. Millot JC, Taupier-Letage L et Benzohra M. The algerian Eddles. Earth Sc. Rev.

1989;27.
16. Amokies D De   l’existance   d’un   faciès   coquillier   relique   en   bordure   externe

de   la Plate   forme   continentale   du   golfe   d’Arzew. Rapp. Comm. Int Mer Medit.
1993;32(1):89.French.

17. Amar Y, Djahed B, Kerfouf A et Kandouci AB. Etude de la sédimentologie des fonds
du golfe d’Arzew. Com. 11ème Séminaire national des sciences de la terre, Tlemcen,
28–30 Octobre 2001. French.



Anani et al.; JSRR, Article no. JSRR.2014.008

365

18. Amar Y, Djahed B, Kerfouf A et Bakalem A. Etude de la biodiversité des
Echinodermes du golfe d’Arzew. Proceedings of the International Workshop on Marine
and Coastal Protected Areas, Ed. A. Chouikhi & M. Menoui, ISBN: 975-7895-02-4,
INOC, Izmir (Turkey): 2005;346.French.

19. Pielou EC. The measurement  of  diversity  in  different  types  of  biological
collections. J. Theor. Biol. 1966;13:131-144.

20. Hill MOA fortran   programme   for   arranging   multivariable   data   in   a   ordered.
Two Way Table  by  classification  of  the  individuals  and  attributes. Ecology and
systematics , Cornell Univ. , Ithaca , New York. 1976;48.

21. Picard J. Recherches    qualitatives    sur    les    biocénoses    marines    des
substrats meubles  de  la  région  marseillaise. Rec. Trav. St. Mar. Endoume.
1965;36(52):1-160. French.

22. Diaz-Castaneda V. and P. Safran. Dynamique de la colonisation par les annelids
polychètes de sédiments défaunés par la pollution dans des enceintes expérimentales
en rade de Toulon. Oceanologica acta. 1988;11(3):285-298. French.

23. Muxika I, Borja Á. et Bonne W. The suitability of the marine biotic index (AMBI) to new
impact sources along European coast. Ecological indicators. 2005;5:19-31.

_________________________________________________________________________
© 2014 Amar et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=317&id=22&aid=2586


