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This study describes the vegetation dune systems status in relation to antroipogenic disturbance 
factors in the coastal stretch of the Madrague area in Algeria. This study was carried out 
during the spring and summer of 2018.  Particular emphasis was given to flora composition by 
assessing their frequency and diversity. Vegetation sampling was carried out along twenty 
shore-perpendicular transects recording different data. The flora inventoried highlights a strong 
dominance of the Asteraceae family, which accounts for 24.32% of all inventoried species. 
Analysis of the biological spectrum shows the predominance of therophytes, with rate of 
32.43%, indicating an average degradation whose origin is anthropogenic action. The IP dis-
turbance index of our study area is about 51 %, it confirms a moderately strong degradation of 
the natural environment. Biogeographically, the vegetation of the study area is constituted by 
a heterogeneous set of elements of various origins dominated by the Mediterranean element. 
From the cartographic point of view, the study of satellite photos enabled us to confirm the 
degradation of the plant revetment by comparing the areas covered between 2003 and 2018. A 
notable diminution of this is reported, due to the man activity and his herds.
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ABSTRACT

INTRODUCTION 
 

Assessing the State of Natural Environments 
is currently the main concern of Management, 
Conservation and Protection efforts. Biodiversity 
loss and ecological degradation is now widely rec-
ognized as the result of human action. Due to the 
growth in human population and excessive use of 
coastal resources, a significant deterioration in the 
quality of the coastal environments has emerged 
in the natural habitats (Clark, 1996; Kitsiou et al., 
2002; Doygun et al., 2003). Coastal dune habitats 
are undeniably important ecosystems; they are 
characterized by a complex coast-to-inland envi-
ronmental gradient which determines the habitat 
localization. Anthropogenic factors play a major 
current role in the organisation of vegetation struc-

tures. An extremely rapid increase in population, 
determined a radical transformation of the envi-
ronment caused by man, uncontrolled cultivation, 
widespread overgrazing, have severely disrupted 
the ecological balances that still existed years ago 
(Barbero et al., 1984). 

Assessment of coastal dunes condition is there-
fore justified by taking into account the intrinsic 
fragility of this ecosystem on the one hand and 
strong pressures, both natural and anthropogenic, 
that threatens its integrity and func tioning on the 
other hand. The dunes are therefore a potential res-
ervoir of biodiversity but a threatened reservoir 
that the various regulations seek to preserve. Many 
studies have been focusing on the flora, basic vege-
tation, structure and dynamics of plant communities 
on the coastal habitats in the world (Carranza et 
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al., 2008; Acosta et al., 2009; Carboni et al., 2009; 
Costa et al., 2011; Luca et al., 2011; Marcia et al., 
2011; Tomaselli et al., 2011; Peinado et al., 2011; 
Monserrat et al., 2012; Qin et al., 2012; Rodnikova, 
2012; Attorre et al., 2013; Ciccarelli, 2014). 

In the Mediterranean context, many researches 
have pointed out that the composition of species and 
dominant life forms of coastal regions varies with 
different ecological factors, extreme conditions and 
time. For example, Luca et. al., (2011) showed a 
high correlation between degradation and habitat loss 
with coastal erosion, trampling and waste presence.  

The problem of the coastal habitats alteration in 
Algeria is very widespread as a result of urbanization, 
industrialization, and tourism activities. In recent 
years various local studies conducted on various Al-
gerian coastal sites have tried to draw up a precise 
ecological balance of these spaces, identify the nature 
of threats and failures in management (Ghodbani, 
2001) on the marshes of Macta, (Larid, 2005) on the 
lakes of Réghaïa, (Toubal et al., 2014) on Guèrbes-
Senhaj, or (Dahou et al., 2011) on the El Kala lagoons 
and their maritime zone. Various coastal ecosystems 
assessments made by the Algerian Ministry of the 
Environment between 2000 and 2014 highlight the 
geomorphological, landscape and ecological speci-
ficities, but also their great fragility. However, despite 
this diagnosis, the elements of response on the real 
causes of environmental imbalances that affect a sig-
nificant number of areas remain limited. That way, 
the protection measures adopted remain ineffective 
and out of step with local issues. 

 
 

MATERIAL AND METHODS  
 
Study area 

 
The study area (35°46‘00.58“ N0°49’33.00”W 

(Fig. 1) is located west of Cap Falcon, this rocky 
site forms a large bay open to the east. Upstream of 
this coastal site, it should be noted the expansion 
of agricultural holdings which risks damaging the 
coastal marine ecosystem through the use of fertil-
izers and phytosanitary products. 

 
Vegetation Survey 

 
Vegetation is in most cases the support of hab-

itats; it is the most important indicator of environ-
ment conditions, particularly in environments with 

very strong constraints such as coastal areas. Plants 
are arranged along an ecological gradient that de-
velops from the coastline (Bertacchi & Lombardi, 
2013). A lot of studies have been done on flora, 
vegetation structure and dynamics of plant com-
munities in the world (Carranza et al., 2008; Acosta 
& al., 2009; Carboni et al., 2009; Costa et al., 2011; 
Luca et al., 2011; Marcia et al., 2011; Tomaselli et 
al., 2011; Peinado et al., 2011; Monserrat et al., 
2012; Qin et al., 2012; Rodnikova, 2012; Attorre et 
al., 2013). The coastal revetments, with the plant 
communities, constitutes the subject of our study. 
These plant communities range from the pioneer 
annual species on the shore to spontaneous, alien, 
woody and herbaceous vegetation in the back-coast  
area (Ciccarelli et al., 2012). In this investigation, 
we focused on the variations of the flora composi-
tion by assessing their frequency and diversity.  

The floristic and habitat information are based 
on data collected during the spring and summer of 
2018. Vegetation sampling was carried out along 
shore-perpendicular transects. The large number of 
plots studied allowed us to take into account almost 
all of the species present. We carried out 20 tran-
sects, perpendicular to the shoreline, 10 metres 
wide, deep as the foredune, at intervals of 100 m in 
the investigated coast. Along these lines, we 

Figure 1.  The study area and the location of sample plots.



recorded the presence/absence and width of the var-
ious plant communities according to Braun-Blaun-
quet’s floristic analysis (1932). In addition, the life 
forms of these plant species, their families and their 
presence percentages within the habitats were also 
determined. Relative plant occurrences and cover-
ages were estimated visually in each sample plots. 
The species frequency was calculated from the fol-
lowing formula: 

 
F% = (100.n)/N 

 
Of which, n: it is the number of surveys or the 

species exists and N: it is the total number of surveys. 
 Durietz (1920) propose five classes depending 

on plant species frequency: 
 
- Classe I: very rare species 0<F<20% 
- Classe II: rare species 20<F<40% 
- Classe III: frequent species 40<F<60% 
- Classe IV: abundant species 60<F<80% 
- Classe V: constant species 80<F<100% 
 
The disturbance index which assesses the site 

degradation state by the invasion of annual species 
often sub-nitrophilic was calculated according to 
the formula adopted by Loisel et al. (1993). 

 
IP =  Chamephyte numbers + Theorophyte numbers 

total species numbers 
 

Cartographic evaluation of La Madrague 
dunes conservation state  

 
In many coastal areas in the developing coun-

tries, dense population being placed next to the 
shoreline creates the more vulnerable areas. The 
study of plant cover evolution was performed by 
Visual interpretation on Landsat TM satellite im-
ages. The satellite image helps in detecting the 
changes in plant revetment. To obtain a better rep-
resentation of the current situation, the comparison 
was made between two years 2003 and 2018.  

 
 

RESULTS 
 

Data analysis 
 
The study of plant formations on a natural site  

relies largely on their floristic composition. The 

floristic inventory constitutes a very important step 
to characterize a site from the point of view of its 
floristic diversity within plant groups. These are 
the first link in the trophic chain in the ecosystem 
and the support of all animal life; without plants, 
animals could not live since they are unable to man-
ufacture all or part of their major constituents (Du-
pont & Guignard, 2007). 

 
Distribution of plant species recorded  

 
Across the 67 designated readings of the coastal 

revetments that were studied in la Madrague, a total 
of 105 plant species were found belonging to 20 
different families. The percentage distribution data 
of the plant species are given in Fig. 2. The study 
found that the identified plant species belong to dif-
ferent families. The family including the highest 
number of taxa was the Asteraceae (24.32 %), fol-
lowed by Lamiaceae and Poaceae (8.11 %). Other 
families with the least number of species were Ama-
ranthaceae, Boraginaceae, Brassicaceae, Fabaceae, 
Solanaceae including 5.41% of the species listed. 
The site is covered with characteristic plants that 
are easily distinguished, represented by halophytes 
and hydrophytes. We also note that the dominance 
of Asteraceae is probably due to species of this 
family which seem to be indifferent to the substrate, 
so tolerant to salt, which is confirmed by the results 
reported in the study carried out by Simonneau 
(1952) and Dubuis & Simonneau (1960). 

 
The life-form spectra and origin of species 

 
Figure 3 shows the different life-form spectra 
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Figure 2. The distribution of plant species by families.



of plant species in the revetment habitats of the 
studied area. Most of the biological spectra are pres-
ent. Their analysis shows the larger frequency of 
therophytes with 32.43% represented by herbaceous 
species; these species are more adapted to drought 
than the Phanerophytes, which are more xerophilic. 

According to Grime (1977), therophytes repre-
sent the expression of adaptation to disturbed hab-
itats. This testifies to a degradation whose origin is 
anthropogenic action. 

Several authors have focused their work on the 
therophytes extension origin: 
• Either in adapting to the constraint of winter cold 

(Raunkiaer, 1934) or summer drought (Daget, 
1980; Negre, 1966; Bouazza et al., 2004; Bena-
badji et al., 2004). 

• Or to the disturbances of the environment by graz-
ing, crops, etc. (Grime, 1977). According to Bar-
bero et al. (2001), therophytization is considered 
to be the ultimate stage of ecosystems degradation 
with the dominance of subnitratophilic species 
linked to overgrazing. 

• The presence of hemicryptophytes with 10 
species can be explained by the presence of soils 
more or less rich in organic matter. This phe-
nomenon was confirmed by Barbero et al. (1989) 
who reported that the richness of organic matter 
in a forest environment explains the abundance 
of hemicryptophytes.  

The distribution of biological types at la Ma-
drague is characterized as follows: 

 
TH > HE > CH > NA > GE > PH  

Figure 4 presents the spectrum of geographical 
origin of the species that occur in the revetments of 

our study area. Biogeography is defined as the study 
and understanding of living organisms distribution  
in light of present and past factors and processes 
(Hengeveld, 1990). The biogeographic study also 
constitutes a real model for interpreting regression 
phenomena (Olivier et al., 1995). The biogeograph-
ical analysis of current flora can provide valuable 
information on the modalities of their establishment 
in the study region. On the biogeographic level, the 
vegetation of the study area is made up of set het-
erogeneous elements of various Mediterranean 
origins. The distribution of the inventoried taxa is 
determined from the flora of Algeria (Quezel & 
Santa, 1962–1963). 

The origin of the species in the study area is 
very diverse. The highest percentage (approximately 
54.05%) was recorded for species from  Mediterra-
nean region. The western Mediterranean elements 
follow with a percentage of 10.81%. The other bio-
geographical elements are very poorly represented. 
Mediterranean elements are considered to be par-
ticularly suited to strong disturbance regimes under 
stressful conditions induced by unpredictable fluc-
tuations in the Mediterranean climate.  

 
The disturbance index 

 
The IP disturbance index of the study area is 

around 51%, showing a moderately strong degrada-
tion of the natural environment under the Influence 
of Natural and Anthropogenic Factors, and a distur-
bance and imbalance of plants, caused by the strong 
pastoral pressure, is noted in this site. Compared to 
other sites such as: Beni saf, Ghazaouet and Zenata 
Sidi Driss, Ouled Youcef and Ziatene of Honaine  
coast with indices that exceed 60% (Benmehdi, 
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Figure 3. The distribution of plant species 
by Raunkier’s life-forms.

Figure 4. Distribution of species according 
to their biogeographic classification.
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2012; Cherif, 2012 in El Bouhissi et al., 2014), the 
Madrague site remains  less disturbed but with re-
gressive dynamic of its floral procession dominated 
by therophytes and hemicryptophytes. 

 
Frequency 

 
Statistical concept, used in vegetation analysis,  

it expresses the percentage (%) of the number of 
surveys where the plant species is inventoried, com-
pared to the total number. 

The table below summarizes the distribution of 
species found in La Madrague area. After calcula-
tion, we distinguish three cases corresponding to 
three indices (Table 1). 

Accidental species were present in 75.67% of 
surveys, while Accessory species in 13.51% of the 
surveys. Quite frequent species were found in 
10.81% of surveys. 

 
Vegetation dynamics 

 
In recent years (Fig. 5) major changes in occu-

pation and land use have been noted. The studies  
reveal that the study area decreased from 2.332 km2 
in 2003 to 0.832 km2 in 2018. 

 
Pastoral activity 

 
Several studies have highlighted that environ-

ment degradation is due in large part to the human 
action (Fig. 5). Grazing in Algeria is old, in fact it 
eliminates the herbaceous layer and young regen-
erations by browsing, and reduces floristic diversity. 
Moderate to high human trampling intensity can 
decrease plant diversity, cover, and productivity, 
especially regarding rare and threatened coastal 
plants (Kerbiriou et al., 2008; Santoro et al., 2012; 
Farris et al., 2013; Fenu et al., 2013).  

Bouazza et al. (1998) specify that the intense 
herd action modifies considerably the floristic com-
position. Sheep and goats participate with a higher 

degree in the vegetation degradation, than cattle. 
The animals choose the species and consequently 
impose an important selective action on the con-
sumable biomass offered (Benabdelli, 1983). Dur-
ing the whole year, in the summer the herds occupy 
the agricultural land after harvesting agricultural 
products, and during the rest of the year, they graze 
in the coastal and forest environment. Faced with 
this situation, the scourge of overgrazing has be-
come more dramatic, in parallel to the results which 
have been collected recently, in particular an im-
balance in the floristic composition, a regression 
of the plant cover, a destruction of the superficial 
horizons and an erosion of the soil, an absence of 
the natural regeneration of the woody vegetation, 
occupation of the natural environments by the the-
rophytes (40%), etc. 

 
Dynamics of urban space 

 
Satellite images play an important role in ur-

banization. They help planners to have a global vi-
sion of the current situation and to consider future 
developments (Awad, 2003). An important evolu-
tion of land is recorded on the study area during 
carrying out our floristic surveys (Fig. 5) and by 
making a comparative study of the available satel-
lite photos. Despite the clarity of the prohibitions, 
we notice in the Madrague area the arrival of new 
landowners. Anxious to make their investment prof-
itable, they exploit the land without taking into ac-
count the norms of vegetation conservation. An 
anarchic housing construction is observed on site 
already inhabited by a family as well as a boat ga-

Table 1. Characterization and frequency 
of vegetation indices.

Figure 5. Vegetation cover in study area.



rage project under construction. A significant de-
crease of the vegetation in the area is observed be-
tween 2003 and 2018. In the 2003 photo, we notice 
the absence of the factory. A widening of the road 
used to access trucks has considerably degraded 
the surrounding vegetation. Without protection 
from logging, grazing, poaching and other factors 
detrimental to maintaining the effective functioning 
of natural habitats, the extinction of a large number 
of species is inevitable. 

 
 

CONCLUSIONS 
 
The inventory carried out at our study station 

(La Madrague) allowed us to achieve the following 
characteristics: biological, phytogeographic fol-
lowed by the distribution of families. 

- The Asteraceae group undoubtedly dominates  
the field. 

- The dominance of Mediterranean species. 
- The biological type (Therophyte) widely dom-

inates the station studied. 
The Hemicryptophytes, Chamephytes, Nano-

phanerophytes, Geophytes and finally Phanero-
phytes come in second position. These last, accord-
ing to (Barbero et al., 1989), require an environment 
rich in organic matter and a high altitude. 

The IP disturbance index of the study area high-
lights a moderately strong degradation of the natural 
environment under the Influence of Natural and 
Anthropogenic Factors. An imbalance of plant pop-
ulations, caused by the strong pastoral pressure, is 
noted in this study area. 

The maps study reveals a degradation of the 
study area with a significant vegetation cover re-
gression. The degradation of the study environment 
is due in large part to the action of man and his ac-
tivities and lets a desolate spectacle. A significant 
evolution in land is also highlighted despite the 
clarity of the prohibitions. 

It emerges from this study that it is extremely ur-
gent to define a concentrated planning and protection 
policy for all the countries around the Mediterranean. 
If we want to save at least the remains still in place. 
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