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ABSTRACT
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A study on the post-fire dynamics of plant species in the Zarifet forest (National Park of Tlem-
cen, north-western Algeria) was conducted after a violent fire that destroyed more than 200 
hectares in the month of October 2016. Floristic records were done at a control site and the 
burned area during the phenological period, which extends from 2017 to 2019. The analysis 
of the floristic succession indicated a continuum of population dynamics over the three years 
after the fire. The results showed that the number of species found in the burnt sites reached 
52 species (39%) after 8 months from the initial fire and 121 of them (91%) at three years af-
terward. The natural regrowth of the vegetation in the Tlemcen Mountains is typical of the 
“tiger bush”. The competitivity between the different species has been highlighted in the pres-
ent study. The most competitive species in the post-fire occupation of the soil are stump-re-
jecting species and geophytes one, such as Quercus ilex, Chamaerops humilis, Calicotome 
intermedia, Asparagus acutifolius, Ulex boivinii, Drimia maritima, Cistus sp., Stipa tenacis-
sima and Ampelodesmos mauritanicus. The analysis of the frequency indices (F.I.) seem to 
be in favor of an expanding tendency of these taxa.

INTRODUCTION 
 

Most ecosystems nowadays are subject to vari-
ous types of disturbance. A disturbed ecosystem is 
defined as one which is exposed to an altering event 
(or events) in time and in space. Many habitats are 
exposed to natural or human induced disturbances. 
In this context, Lavorel et al. (2006) reported that 
wildfire is a major threat to Mediterranean forests, 
affecting both animal and plant biodiversity and its 

management as well. Le Houerou (1980) has esti-
mated that more than 200,000 hectares of forest are 
burnt each year throughout the Mediterranean basin. 
For Valez (1990) this figure is worst and the number 
of hectares affected is between 700,000 and 
100,000.  

This destabilizing phenomenon is amplified by 
the climatic disturbances of recent decades with a 
reduction in rainfall accumulation and an increase 
in the dry period (Hasnaoui, 2008). In Algeria, a 
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of plant species after a disturbance. In fact, it is sub-
ject to a combination of disturbed habitats and may 
contain a varying type and level of disturbance (i.e., 
fire, grazing, etc.). 

The aim of this present study, carried out on the 
forest species of Zarifet (Tlemcen Mountains), is to 
highlight the influence of the temporal gradient on 
the floristic evolution of burnt sites.  

The fire that occurred in Zarifet happened in 
2016 and has destroyed more than 200 hectares, 
changing the face of the landscape. This disastrous 
phenomenon was followed by a vegetation re-
sponse that led to a succession based on the nature 
of the taxa burnt, the soil, the topography, the vio-
lence of the fire and the climate. 

The objective was to quantify the damage 
caused by this fire, assessing the post-fire biological 
recovery and to identify the competitive regenera-
tive strategies of the main taxa. Understanding the 
post-fire dynamics of ecosystems may helps to op-
timize the rehabilitation strategies of the Tlemcen 
National Park. 

 
 
MATERIAL AND METHODS 
 
The study area 
 

The state forest of Zarifet is part of the biogeo-
graphically sub-sector of the Tellian Atlas “O3”. It 
is mainly composed of carbonate land of Jurassic 
age and, particularly, the substratum belongs to the 
carbonate series of the Upper Jurassic (Benest, 
1985). The forest is characterized by variable plant 
formations, exposed to a climatic-anthropic synergy 
often leading to disturbances in biological cycles. 
According to Boudy (1950), the Zarifet forest is di-
vided into 4 cantons covering 926 ha and occupying 
a very uneven relief whose altitude varies between 
1000 and 1217 m. Administratively, the Zarifet for-
est is bordered to the north by the commune of 
Mansourah, to the south by the ridges of Béni 
Bahdel, to the east by Terny and to the west by the 
communes of Zelboun and Béni Master. It is part 
of the Tlemcen forestry district (Fig. 1).  

The region of Tlemcen belongs to the Mediter-
ranean climate, which is characterized by high levels 
of sunshine and dry summers (maximum tempera-
tures range between 25 and 40 °C) and mild, wet 

southern Mediterranean country, vegetation forma-
tions are affected by the destructive impacts of 
human activities such as fires, tree-cutting, clearing, 
overgrazing and urban expansion (Hasnaoui & 
Bouazza, 2015). The work of Benderradji et al. 
(2004) shows that an average of 30,000 ha are de-
stroyed by fire each year and that the surfaces burnt 
per site depend on whether it is in the North-East 
(37 ha), the North-Centre (18 ha) or the North-West 
(51 ha) of the country. This difference may be ex-
plained by the climate conditions, the substratum, 
geomorphology of the ground, the nature of the 
vegetation formations and the rapidity of the fight-
ers in intervening. 

Studies carried out in the western part of Algeria 
have revealed a regressive dynamic of the vegetative 
cover in the last few years (Bouhraoua, 2003; Has-
naoui, 2008; Letreuch-Belarouci, 2009; Hachemi et 
al., 2014; Bouhraoua et al., 2014; Medjati et al, 
2014; Belgherbi & Benabdelli, 2015; Guenaia et al., 
2019; Aouadj et al., 2020; Dahmani et al., 2021). 
This dynamic regression necessitates the restoration 
and the rehabilitation of these degraded ecosystems.  

The Zarifet forest is one of the important forests 
of the Tlemcen Mountains (North-Western Algeria). 
It is part of the national park of the Tlemcen Wilaya. 
It represents a good model to study the resiliency 
processes and the temporal and/or spatial dynamics 
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Figure 1. Location study area.
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winters (average minimum temperatures 5 °C). The 
region is characterized by inter-monthly and inter-
annual rainfall irregularities (Bouazza & Benabadji, 
2010). According to Bouazza et al. (2020) recent 
data from the Zarifet region (between 1975 and 
2016) recorded an average rainfall of 484 mm, an 
average maximum temperature of 32.5 °C in August 
and a minimum temperature of 3.2 °C in January, 
with a length of the dry period ranging from 6 to 7 
months per year. Located not far from the towns of 
Hafir, Beni Mester and Terni, the forest formations 
are exposed to climatic-anthropic constraints (low 
rainfall, high temperature and anthropic pressures - 
cutting, fires and overgrazing). As such, part of the 
Zarifet forest caught fire in October 2016. The geo-
graphical data of the burnt sites are 1° 38’13’’ West 
longitude and 34°83’55’’ North latitude.  
 
Methodology 
 

In order to know the dynamics of the plant com-
munities, a three-year monitoring was carried out, 
based on the following aspects: 

1. Evaluation of the damage caused by fire ac-
cording to a severity scale. 

2. Biological recovery using the frequency index 
(F.I.). Inventory of species that appear after the fire 
with an analysis of the landscape using the abun-
dance-dominance scale of Braun Blanquet (1954). 
The frequency of a species reflects the adaptation 
of the plants to the environment where it occurs; it 
is formulated as follows (Gaussen, 1963): 

 
F = (n/N) x 100 

 
With n = number of surveys containing the 

species studied; N = number of surveys carried out. 
Du Rietz (1931) divided the frequencies into 5 

classes, each corresponding to a frequency index 
(F.I.) (Table 1). 

3. Floristic evolution of the regrowth: This ap-
proach is based on the regenerative dynamics of the 
taxa by inventorying the species in the sites selected 
on the one hand, and by using frequency indices 
(F.I.) on the other. The sampling made it possible to 
carry out 90 phytosociological surveys in the sites 
selected in this study. The interest of this subjective 
type of sampling (Guinochet, 1973) is to be able to 
choose surveys according to homogeneity criteria. 
The first criterion of homogeneity of the surface ex-
plored corresponds to a geomorphological homo-
geneity represented by the topography and the 
nature of the soil. The second criterion corresponds 
to the homogeneity of the vegetation. This homo-
geneity is dependent on the scale and therefore on 
the area selected. The area recognized to ensure vi-
sual homogeneity and to represent the total floristic 
procession of the plant formation is 100 m2. This 
corresponds to the minimum area of cork oak forests 
and tree maquis in Algeria (Zeraïa, 1982). We car-
ried out 45 floristic surveys in the control site and 
45 in the site burned during the follow-up period. 
The sampling take apart in the spring of 2017-2018 
and 2019 (March to June). It is the period when most 
plant species reach their optimum development 
(flowering fruiting), which facilitates the identifica-
tion of taxa. The nomenclature adopted follows that 
of Quézel & Santa (1962-1963); Dobignard & 
Chatelain (2010); Le Floc’h, Boulos & Vela (2010).  

 
 
RESULTS 
 

According to our field survey and just after the 
fire, we assessed the intensity of the fire by deter-
mining the damage caused. Different criteria con-
cerning the vegetation or the soil were taken into 
consideration. The concept of fire severity, which 
measures the degree of impact of fire on the com-
bustion of biomass and soil organic matter, corre-
sponds to a fire severity scale (Alexander, 1982; 
Brown & Davis, 1973; Feller, 1996; Alexandrian, 
1997). In our case the fire destroyed 208 ha of for-
est, including 35 ha of oak, 67 ha of green oak and 
106 ha of scrub (C.F.T, 2016). In the field, we found 
damaged tree trunks, burnt crowns, burnt under-
growth stems and exposed mineral soil. These ob-
servations classify the intensity of the fire as 
category 4 on a scale of 6 (Lampin et al., 2003; 
Amandier, 2004).  
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Table 1. Frequency Classes according to Du Rietz (1931).
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Table 2. Summarizes the species recorded between 2017 and 2019 in these two different sites  
(Zarifet forest,  Tlemcen Mountains, North-Western Algeria).

HASNAOUI OKKACHA ET AL.190



The changes in the vegetation and the environ-
ment are studied simultaneously at several areas, 
which theoretically represent different dynamic 
stages of the plant community studied (Arnaud; 
1984). To establish a comparative study, we com-
piled lists of species on the control site and the burnt 
one.  

One hundred and thirty three species (133) be-
longing to 35 botanical families were recorded in the 
control site, which indicates the richness of the study 
area. Therophytes such as Astreraceae, Poaceae, 
Apiaceae, Renonculaceae Brassicaceae, Scrophyl-
lariaceae, represent more than 53% of the overall 
richness of the Zarifet forest.  The phanerophytes 
and the chamaephytes groups (e.g. Anacardiaceae, 
Fagaceae; Oleaceae; Arecaceae, Asparagaceae, Cis-
taceae, Ericaceae, Thymelaeaceae, Rosaceae and 
Lamiaceae) represent about 25.5%; while tuberous 
plants such as Hyacinthaceae, Iiridaceae, Liliaceae, 

Asphodeliaceae, Aliaceae and Liliaceae (geophytes 
species) occupy more than 12% of this diversify 
wealth. The rest of the plant cover is occupied by 
hemicryptophytes such as Pallenis maritima,  
Paronychia argentea, Phlomis crinita, Ranunculus 
arvensis, Scolymus hispanicus, Ajuga iva, Centau-
rea pullata, Eryngium sp. (Table 3). 

The evolution of the floristic content of the sur-
veys illustrates the dynamic gradient across the 
stages selected (control site; biological recovery 
after 8 months and 3 years later). The floristic rich-
ness corresponds to the number of species found in 
each of the sites studied during the phenological 
period (spring of 2017, 2018 and 2019) and con-
stitutes the station richness. The maximum of 
species were found at the control site, with 133 
species as mentioned above. In the burnt site, 52 
species were recorded eight months after the fire 
incident, which represents about 39% of the total 

Table 3. The principal biological types at the study area. 
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floristic richness recorded and 121 species (91%) 
were recorded three years after the fire initiation. 
Nevertheless, a disappearance of 12 species (rep-
resenting 9% from the plant cover) was noted after 
3 years from the initial fire. The physiological ac-
tivities of the plants seem to be accelerated because 
to the favorable stationary conditions (openness of 
the environment, richness of the soil in organic 
matter and germination of species stimulated by the 
fire).  

Analysis of FIs in the various reports during the 
survey showed a variable dynamic between species, 
which depends on the adaptive strategy of taxa. We 
observed that species such as Chamaerops humilis, 
Stipa tenacissima, Ampelodesmos mauritanicus, 
Ulex boivinii, Quercus ilex, Drimia maritima oc-
cupy more space with a F.I. from II to III after 3 
years from the fire began. It should be mentioned, 
that, even if some species keep the same F.I. value, 
their rate (percentage) increased, which can be con-
sidered as a competitive species following fire dam-
age. This strategy directs the existing ecosystem 
towards a change in the landscape (Figs. 2, 3). 

As reported by Trabaud (1993), the maximum 
expression of species can also be observed in the 
second year after the passage of fire. The decrease 
in floristic wealth during the regeneration has been 
reported for most Mediterranean ecosystems re-
gardless of the disturbance factor (fire, grazing) 
(Tatoni & Roche, 1994; Noy-Meir, 1995; Debuss-
che et al., 1996; Saidi et al., 2016). However, we 
have seen a dynamic regrowth in favor of chamae-

phytes and geophysicists, with an expense of thero-
phytes during the follow-up period. 

The study highlighted three dynamics of func-
tioning:  

1) the first is based on regenerations either by 
rejection of strains and/or new shoots as is the case 
of the main  phanerophytes and chamaephytes such 
as Quercus suber, Pistacia lentiscus, Quercus ilex, 
Rosa canina, Daphne gnidium, Chamaerops hu-
milis,  etc);  

2) The second is based on tuberous plants, as is 
the case of Drimia maritima, Allium roseum, Mus-
cari comosum, Romulea bulbocodium. 

3) The third is related to the seed flows associ-
ated with dissemination vectors (anemochoria; zoo-
choria and anthropochorie). This is the case of 
therophytes famillies such as Avena sativa, Bellis 
annua, Bromus rubens, Bromus sp., Calendula ar-
vensis, Daucus carota, Eruca vesicaria, Hordeum 
maritimum, Plantago lagopus. 

 
 

CONCLUSIONS 
 
Plants regrowth in the Zarifet forest have a 

“tiger bush” aspect and were characterized by the 
dominance of species with an adaptive strategy 
based on resilience and physiological responses of 
taxa. In our case there are such species as Quercus 
ilex, Pistacia lentiscus, Chamaerops humilis, Cistus 
sp., Calicotome intermedia, Ampelodesmos mauri-
tanicus, Daphne gnidium, Crataegus oxyacantha, 

Figure 2. Floristic evolution of the regeneration.
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Rosa canina and bulbs such as Drimia maritima, 
Romulea bulbocodium. The functional response of 
these species to trauma is very significant after 8 
months of the start of the fire and tend to occupy 
more space; which represented 39% of the total 
species recorded. Three years after the fire, we 
found the species in a more matured state with a re-
covery of the floristic diversity in which 91% of the 
species have been regenerated. 

The invasion of the environment by pioneer 
species is mainly due to the regeneration power of 
strain rejection and the stock of dormant seeds in 
the soil, whose germination is rapidly triggered in 
the spring following the trauma. 
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