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ABSTRACT
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The Oran coastal zone (Algeria) is distinguished by a remarkable wealth of habitat and
species (Posidonia meadow, coralligenous groupers, and endemic seaweed). This work has
allowed us to inventory and identify one hundred (100) macrobenthic species of soft sub-
strates and 65 macrobenthic species of rocky substrates. The contents of the different grain
size fractions show a homogeneity between the four stations with a trimodal sand dominated
by coarse sand  (diameter = 0.08–10 mm). The distribution of these species was mapped
using the System of Geographic Information (GIS). Finally, the computation of the Shan-
non-Wiener (H) and Simpson (Si) indices of the rocky and soft substrates of this study area
reveal an average ecological richness with a high biological diversity. It is necessary to un-
dertake annual monitoring of macrobenthos through a wider investigation of several sites
and stations in a longitudinal and vertical distribution. The “overall biological quality” index
will be calculated and refined in order to rank the different sites by establishing specific in-
dices for each site.

INTRODUCTION

The Convention on Biological Diversity
(https://www.cbd.int/) defines biological diversity or
biodiversity as “the variability of living organisms
from all sources including, inter alia, terrestrial, ma-
rine and other aquatic ecosystems and the ecological
complexes of which they are part, this includes diver-
sity within and between species and ecosystems. In
other words, biodiversity is the variety of life on earth
at all levels, from genes to global populations of the
same species, from species communities sharing the
same small habitat area to global ecosystems”.

This biodiversity is not only a condition for the
healthy and natural development of species and
ecosystems, but also a natural legacy we leave to
future generations. As such, our company has an
ethical and moral responsibility.

Marine biodiversity research is timely and funda-
mental for many reasons. Marine biodiversity plays
a key role in the supply and regulation of ecosystem
services, provides economic wealth with resources
for active substances in pharmacology and the med-
ical field, for fisheries and aquaculture products, but
also in the field of cultural well-being, or as a source
of relevant models in basic and applied research.
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natural modifications and anthropogenic changes in
the environment.

MATERIAL AND METHODS

Study area

The study area on the Plane or Paloma  Island
(Fig. 1) is located about 7 km from the beach of
Bousfer, in the bay of Andalusia, at 35°46.281’N
and 0°54.115’W, between Cape Falcon and Lindless
cape. The island covers an area of 300 meters long
and 100 meters wide. It is uninhabited (except for a
gull colony) and has a small dock for small boats.
The island has an unoccupied lighthouse in opera-
tion. Concretely our sampling area on Paloma Island
covers four stations corresponding to the four GPS
points whose coordinates are shown in figure 1.

Sampling and treatments of soft and rocky
substrates

The sampling of soft sediments was carried in

Overall, there is a real lack of synthetic data on
national marine biodiversity. When this data is ad-
vanced (Algeria, Tunisia for some taxa), it is cer-
tainly largely underestimated because resulting
from some local studies. In North Africa, entire por-
tions of coastlines and habitats known to harbor
high biodiversity have not been explored at all
(5ème Rapport National de l’Algérie, 2014). 

Without a minimum knowledge of the distribu-
tion of characteristic habitats of the Mediterranean
Sea, and at least of species with special status
(species of interest for conservation), it seems at
least complicated to provide tools for assessing the
impact of change. There is no real device for con-
tinuous observation and biodiversity inventories
are often very punctual in space and time (Unep,
2011).

In Algeria, the first observation made is that of
a lack of knowledge of a certain component of ma-
rine biodiversity. Many taxonomic groups or some
benthic communities have not been studied. This
action is recommended for all “Environmental qual-
ity monitoring networks”, in order to have a long-
term follow-up and to evaluate the consequences of

AOUICHA HADDOU-DEKHIR ET ALII344

Figure 1. Sampling stations of Paloma Island, Algeria.



The benthic stands of the soft and rocky substrates of the Paloma Island,  Algeria   

December 2018 with a manual grab. The grab shots
are replicated four times to account for the distri-
bution of species at a given point and the dispersal
of larger species. Following the standard protocol,
an extra bucket per station should be collected to
analyze the sediments associated with the organ-
isms (granulometric study). The same protocol is
performed at the four stations. For rocky substrates
a non-destructive sampling was performed. In the
laboratory, samples stored in a cooler will be pre-
treated to remove debris and waste. Depending on
their sedimentary nature, the samples are sieved on
a 1 mm sieve (round mesh) for fine or silted sedi-
ments or 2 mm for coarse sediments. Sieve rejects
fixed with  diluted formalin (5%) will be subject to
biological sorting and identification.

Granulometric study

The study of the soft sediments of the four sta-
tions (North, South, East, West) of Paloma Island
will be the subject of a granulometric study accord-
ing to the Norms (NFP 94 056 and 94 057).

Identification of benthos

To be taken into account, specimens must have
enough intact parts for correct taxonomic identifi-
cation, especially having their head (to avoid count-
ing the head and body of the same individual as two
animals). It is recommended to use optical equip-
ment (binocular loupe, optical microscope). Larval
exuvia or empty shells (e.g., gastropods and bi-
valves), empty sheaths (e.g., phryganes) are not
counted. Subsamples have been sorted until all ben-
thos have been removed. The sorted specimens are
subsequently photographed and then re-stored in
formalin. Genus and species identification will be
done later using identification keys (http://www.
marinespecies.org).

RESULTS AND DISCUSSION

Granulometry

The study of soft substrats of Paloma Island
has, on the one hand, characterized the sediment
cover within the sampling site and, on the other
hand, established the spatial variations of these

characters between the four stations of the studied
site. The contents of the various size fractions show
a notable homogeneity. For all the stations (Figs.
2–5) a trimodal sand dominated by coarse sand
with main modes of 0.08 mm to 10 mm was found.
The general appearance of the all cumulative grain
size curves  of the analyzed samples is rectified,
which reflects the homogeneity of the sediments
belonging to the four sampling stations. On the
whole, the curves are relatively sloping, which un-
derlines the good classification of the sediments.
The presence of coarse sands can be explained by
the nature of the study area which is a rocky island.
Fine sands are usually found in shallow or coastal
areas.

Identification of benthos

The results obtained are only partial and there-
fore not really representative of the benthic richness
of the site. These results show the presence of at
least a global number of 100 species collected on
soft substrates (Fig. 6), divided into seven groups
namely: gastropods, bivalves, echinoderms, crus-
taceans, polychaete annelids, cnidarians, marine
plants and 65 species harvested from rocky sub-
strates (Fig. 7) divided into ten groups namely: gas-
tropods, bivalves, echinoderms, crustaceans,
polychaete annelids, polyplacophores, cnidarians,
algae, sponges, marine plants.

Classification of species according to their
pollution sensitivity

Accidental or recurrent release of a disturbing
agent into the marine environment immediately re-
sults in physical and chemical changes in water
properties as well as short, medium and long-term
effects on biota. To obtain information on this type
of effect on marine organisms, plankton is not the
most useful marine biota compartment at the local
level because it is composed mainly of small or-
ganisms whose life cycle is short, floating pas-
sively in the current (it does not stay in the
affected area) and has a high ability to rebuild pop-
ulations (high reproductive capacity). Necton is
composed of organisms (mainly fish) that are very
mobile, allowing them to flee and move in search
of better conditions. The benthos is the marine
biota compartment that offers the most interesting
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Figure 2. Grain size curve of Paloma Island, Algeria: North station (2019).
Figure 3. Grain size curve of Paloma Island, Algeria: South station (2019).  
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Figure 4. Grain size curve of Paloma Island, Algeria: East station (2019).
Figure 5. Grain size curve of Paloma Island, Algeria: West station (2019).
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information, mostly sedentary, the benthic organ-
isms remain in the affected area and are unable to
avoid the environmental changes likely to occur
in their habitat. Therefore, either they survive
these changes perfectly or they survive with obvi-
ous signs of stress and downsizing or they com-
pletely disappear from the system. They can
therefore be used as bioindicators (sublethal and
lethal effects), as permanent or periodic “sen-
tinels” for the level of quality of the waters in
which they live, and contribute greatly to the en-
vironmental monitoring of coastal waters (Gar-
cias-Gomez, 2015).

Soft bottoms, more unstable and uniform than
rocky bottoms, offer less epibenthic diversity. How-
ever, it is on these sea bottoms that seagrass mead-
ows are established, which must be preserved as it
plays a major ecological role on our coasts. Espe-

cially Posidonia oceanica (L.) Delile and Cymod-
ocea nodosa (Ucria) Asch. (1870) perfectly visible,
localizable and, in general, sensitive to disturbances
and pollution. We can observe several types of re-
sponse to different environmental disturbances.
Some of them disappear or decrease massively
(sensitive species), others manage to survive nor-
mally without showing any external sign of degra-
dation (tolerant species), others still do not decrease
but show morphological abnormalities (decay,
weak growth, diseases due to microorganisms, etc.)
(Garcias-Gomez, 2015).

Several indifferent species for the pollution of
soft and rocky substrates have been inventoried
(gastropods,  bivalves, crustaceans and annelids).
Their environmental tolerance gives them a broad
ecological valence (Becerro et al., 1994; García-
Gómez, 2007). If found in clear waters and rich
biodiversity in excellent conservation status, they
also support situations of high environmental
stress, high turbidity, high sedimentation and mod-
erate levels of suspended organic matter. The great
adaptability of these organisms does not make
them good indicators of clean and limpid water, as
the information provided is very limited. They are
a perfect example of species not to be selected for
monitoring the evolution of well-preserved funds
that may be subject to environmental monitoring
through sensitive bioindicators (Carballo &
Naranjo, 2002).

Among the species sensitive to the pollution of
soft and rocky substrates there are the Patella Lin-
naeus, 1758 (Gastropoda Patellidae), particularly
P. ferruginea Gmelin, 1791. This species can not
be considered strictly sessile because it is vagile at
high tide, it then moves actively around its substra-
tum where it returns to settle at the rock at low tide.
In addition, it is not a FBI species (Fixed Biologi-
cal Indicator) and according to the design of Ro-
vere et al. (2015), it can not be considered as such
at low tide. Endemic species of the western
Mediterranean it is in marked decline since the be-
ginning of the 20th century. It has almost disap-
peared from continental European coasts where it
is now reduced to small subpopulations in Corsica,
Sardinia and the island of Pantelleria. On the
African coast, its presence is restricted to Morocco,
Habibas Islands in Algeria, Zembra island and Cap
Bon in Tunisia. In Spain, there are some colonies
in Andalusia and in the region of Murcia, the main
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Figure 6. Benthic groups of soft substrates of 
Paloma Island, Algeria.

Figure 7. Benthic groups of rocky substrates of 
Paloma Island, Algeria.



ones being in Ceuta, Melilla and in the Chafarinas
Islands. The Patella are species traditionally asso-
ciated with limpid and well oxygenated waters.
They are sensitive to pollution, turbidity and oxy-
gen depletion in water (Espinosa, 2005). In several
studies, they have been proposed as species indica-
tive of good environmental conditions (Espinosa et
al., 2007).

The emblematic species of the Mediterranean
Sea widely used in the biomonitoring of soft and
rocky substrates is Posidonia oceanica.

According to the clarity of the water, it is found
from the surface up to 40 meters deep. This
Mediterranean endemic species is indicative of
clean, unpolluted and well-oxygenated waters
(García-Gómez 2007, Montefalcone 2009, López
& Royo et al., 2011). It is particularly sensitive to
the progressive increase in turbidity, especially if

it is associated with an organic load (Cancemi et
al., 2003) and a high sedimentation rate (Ruiz &
Romero, 2003, Sánchez-Lizaso, 2004). This
species is one of the most emblematic of the
Mediterranean  Sea for monitoring and environ-
mental monitoring, due to the sensitivity of sea-
grasses to anthropogenic disturbances. Figures for
protection Inscribed in Council Directive
92/43/EEC (Annex I: Types of natural habitats of
Community interest whose conservation requires
special conservation areas) Listed in the Spanish
and Andalusian Lists of Wild Species special pro-
tection scheme (LESRPE, Royal Decree 139-2011
and LAESRPE, Decree 23/2012).

Statistical descriptors

They are the basis for calculating many other

Figure 8. Specific wealth of  soft and rocky substrates of Paloma Island (Algeria). Figure 9.  Abundance of soft and rocky
substrates of the four Paloma Island stations (Algeria). Figure 10. Shannon-Wiener index of the soft and rocky substrates
of the four Paloma Island stations (Algeria). Figure 11. Simpson's index of soft and rocky substrates at the four Paloma
Island stations (Algeria).
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more complex indices. However, they are often in-
fluenced by the sampling method, sample size, and
identification procedures: the site can not be sam-
pled in its entirety, the number of species present
in the samples do not generally reflect the absolute
diversity but the apparent diversity. In addition,
these methods do not take into account the relative
abundance of each species, which contributes to
the diversity of the site. The validity of these de-
scriptors on communities growing on hard sub-
strates is questionable because of the difficulty in
counting colonial organisms, or the difficulty of
sampling. Thus, the values of these indices can
only be compared when the sampling protocol has
been the same. In addition, these indices are highly
dependent on habitat type, and the determination
of average values representative of a state of envi-
ronmental quality requires the determination of
threshold values for each habitat type (Grall &
Coïc, 2005). 

Specific wealth

This map represents the specific richness of the
soft and rocky substrates of the four Paloma Island
sampling stations, on a scale of 1/50 m. The specific
richness of soft substrates is greater than that of
rocky substrates (Fig. 8). The spatial variation of
this same index shows that the western sector rep-
resents the most important specific richness, it is
supposed that this is due to the presence of several
islets which offer a multitude of habitats and
refuges to the benthic species. The species richness
index has the drawback of being strongly dependent
on the size of the samples (the number of species
sampled increasing with the sampled surface) and
the type of habitat (the specific richness varies ac-
cording to the type of substrate, depth, salinity, etc.).
It remains difficult to make a descriptor of the state
of a medium. Simboura & Zenetos (2002), how-
ever, suggest assigning threshold values for differ-
ent types of ecological groups and for different
habitats.

Abundance

In the face of pollution, species will follow three
types of reaction according to their sensitivity:

-Disappear, for the most sensitive.
-To maintain oneself, for the indifferent ones.

-Take advantage of the new conditions put in
place and develop, for the tolerant and opportunis-
tic.

These different responses will translate into the
abundance of species. Abundance profiles over time
are therefore widely used as indicators of the effects
of pollutants in sediments, as well as biomass and
species richness curves (Grall & Coïc, 2005).

This map represents the abundance of soft and
rocky substrates at the four sampling sites on
Paloma Island. Abundance of soft substrates is
shown to be greater than the abundance of rocky
substrates (Fig. 9). Similarly, the species richness
of the benthic species is greater at the western sta-
tion. The softer substrates, which are easier to sam-
ple with four-fold replica grab, have made the
number of species more important, although it is
known that it is rather the rocky substrates that
offer many habitats and shelters to them. In addi-
tion, plant species are difficult to translate in terms
of numbers, and their biomass can not be quanti-
fied.

Shannon-Wiener (H) index

The Shannon-Wiene index (H) is calculated just
for fauna.

We have considered for comparison the scale
proposed by Simboura & Zenetos (2002), for
sandy/muddy habitats: 

The index H’:> 4 is very balanced; 2.5-4 bal-
anced; 1.5-2.5 unbalanced and <1.5 very unbal-
anced.

This map represents the Shannon-Wiener index
of soft and rocky substrates at the four sampling
sites on Paloma Island (Fig. 10). According to the
stand classification thresholds from the Shannon H
index. The ecological state is average (balanced),
and the classification of the pollution is moderately
polluted for the rocky substrates. Even though the
island is classified marine protected area, it should
be noted that the levels of protection of these ma-
rine areas  is derisory. The marine environment in
general, and the Algerian coast in particular, con-
stitute a rich sea sheltering ecosystems, which, in
recent years, have been markedly degraded, mainly
due to pollution and human impact, including
shoreline developments, overfishing, trawling, the
introduction of exotic species that can lead in the
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near future to a trivialization of stands and ecosys-
tems.

Simpson index (Si)

The Simpson index (H) is calculated just for
fauna.

Simpson’s index of soft and rocky substrates
tends to 1, reflecting a high diversity (Fig. 11). The
homogeneity of this index between the two types of
substrates depends on the fact that these species
share the same distribution areas, and therefore
even if the workforce is not very important because
of the Mediterranean is a  poor enough sea, in terms
of nutrients, it offers a very important diversity, par-
ticularly related to the Messinian crisis.

CONCLUSIONS

The objective of this study is to demonstrate the
value of an ecosystem approach to assess the qual-
ity of the marine environment. The proposed ap-
proach is therefore global, based on the study of
Benthos quality of soft  and rocky substrates. The
ecosystem approach proves to be highly sensitive,
as it differs from the ecotoxicological approach and
is non-discriminatory with respect to pollutants that
require costly measures and thus allows harmoniza-
tion of interpretations. It also makes it possible to
compare the sites with each other in terms of ben-
thic richness and to provide elements for classifying
areas or reviewing the status of certain species or
inventories of new invasive species.
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