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Abstract

Our paper focuses on the assessment of the sensitivity to fire Cistus
plant groupings in the region of Tlemcen (Western Algeria). The study area
consists mainly of Cistus, Pinus, Quercus and Tetraclinis considered the
main species in the community. The bioclimatic analysis shows that the
study sites tend towards certain aridity over time resulting in higher
maximum temperatures and a wide dry period during the year, representing a
major factor departures fires. The phytoecological analysis shows that the
study area tends towards a certain therophytisation. Shrub and tree strata are
the most vulnerable and flammable, for this reason, a number of species has
been the subject of this study is to determine the time of flammability and
combustibility depending on the water content. Testing flammability and
combustibility of 38 plant species were used to classify species in ascending
order according to their sensitivity to light, and draw a map of susceptibility
to fires matorrals of Cistus aiming at the prevention and the fight against the
devastating forest fires through different methods of planning.

Keywords: Cistus, Flammability, Combustibility, Plant groupings, The fire
risk, Strata, Tlemcen (Western Algeria)

Résumé

Notre article se focalise sur I’évaluation de la sensibilité au feu des
groupements végétaux & Cistus de la région de Tlemcen (Algérie
occidentale). La zone d’étude composée essentiellement de Cistus, Pinus,
Quercus et Tetraclinis considérées comme essences principales du milieu.
L’analyse bioclimatique montre que les stations d’étude tendent vers une
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aridité certaine par rapport a I’époque traduit par des températures
maximales élevées et une large période seche au cours de I’année
représentant un facteur prépondérant des departs des feux. L’analyse
phytoécologique nous montre que la zone d’étude tend vers une
thérophytisation certaine. Les strates arborée et arbustive sont les plus
vulnérables et inflammables. Pour cette raison, un certain nombre d'espéces a
fait l'objet de cette étude qui consiste a  déterminer leur temps
d'inflammabilité et de combustibilité en fonction de la teneur en eau. Les
tests d’inflammabilité et de combustibilité de 38 especes végétales ont
permis de classer les especes par ordre croissant selon leur sensibilité au
feu, et de tracer une carte de sensibilité aux incendies des matorrals & Cistus
ayant pour objectif la prévention et la lutte contre les feux de foréts
dévastateurs a travers les différentes méthodes d’aménagement du territoire.

Mots clés: Cistus, Inflammabilité, Combustibilité, Groupements végétaux,
Le risque d’incendie, Strates, Tlemcen (Algeérie occidentale)

Introduction

The matorrals and Mediterranean forests are submitted annually to a
drought in the summer. The lack of water due to limited or no rainfall, low
air humidity and high temperatures with high evaporative demand increases
the risk of wildfires (Rambal and Hoff, 1998). The fire has a significant
presence and influence in the Mediterranean ecosystems, damage depends
mainly on the intensity and frequency of fire. Reconstruction of vegetation is
slow and repetitive fires can seriously endanger the renewal of the vegetation
(Francis and Thomes, 1990, Ferran et al., 1992, Bautista et al., 1994, Moench
and Fusaro, 2003).

Flammability is the property that a plant or plant part to ignite when
subjected to heating. This quantity is linked to the notion of an outbreak of
fire. As combustibility is the property that a plant or an entire plant to spread
fire. This concept is involved in more than flammability scale indeed
combustibility rather characterizes a whole plant formation with the different
layers that comprise it. Parameters often used to describe the combustibility
are twofold: the power of the flame front, the speed of propagation of the
flame front (Alexandrian and Rigolot, 1992).

The appearance of the fire does not only depend on the weather, it
also depends on the flammability of the vegetation. Flammability is
considered dependent on the plant leaf hydration (Trabaud, 1974, Trabaud,
1976, Cappelli et al., 1983, Massari and Leopaldi, 1998). (Trabaud, 1976)
describes a trend where the leaves with a lower percentage of water are
easily ignited, while the leaves with a high leaf moisture rarely lit. Even if
this was true for most species, an exception was found in the case of Quercus
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pubescens, which quickly soared even at high moisture content. The
dependence of the flammability of water requirement of plants and leaves is
therefore also linked to other environmental factors, life history and eco-
physiology of the plant. Some species are more flammable than others in the
same water content (Massari and Leopaldi, 1998).

In addition to leaf moisture, volatile organic compounds such as
monoterpenes are another possible factor driving flammability. These
compounds are present and issued by most Mediterranean plants (LIusia and
Pefiuelas, 2000), but their actual effects on flammability are still
controversial (Cappelli et al., 1983). (White, 1994) stated that the ignition
was positively correlated with the monoterpenoid content. (Owens et al.,
1998) confirm and strengthen the results of White.

The flammability of forest species classification is an essential
component of the danger of fuel and fire risk assessment, which are
important elements of judicial planning fire management (Le Houérou, 1973,
Trabaud, 1976, Barney and Aldrich, 1980). In France, data on the
flammability of species are used as part of the overall planning for the
prevention of forest fires (Cemagref, 1990).

The flammability of plants (The ability of a species to ignite and
maintain the fire) is a complex phenomenon whose direct measurement in
laboratory conditions is difficult and uncertain, due to the absence of
standard as well as the complexity of parameters involved methodology
(Anderson, 1970, Mark, 1988). (Mark, 1988) reviewed the literature on
laboratory methods for evaluating the flammability of plants and concluded
that the flammability rating is rarely presented in absolute terms. Most
methods are based on measuring the ignition delay of a plant sample (Time
of ignition delay). In France, extensive research has been conducted to
evaluate the relative flammability of Mediterranean species (Trabaud, 1976,
Vallette, 1990). (Vallette, 1990) uses the term "flammable™ as the ability of a
fuel to ignite after being subjected to heat energy. This term coincides with
the term "ignition" in American literature (Anderson, 1970).

A basic approach to assessing the flammability of plant species is the
quantification (Measurement and analysis) of their physical and chemical
properties. The physical and chemical properties of individual plants are
considered major components of flammability (Mutch, 1970, Rundel, 198,
Papio and Trabaud, 1990, Albini, 1992, Whelan, 1995). (Misbach, 1982) has
classified several species according to their expected using only two
properties (Heat content and the ignition temperature) flammability.

Our study is to assess the risk of fire plant communities based Cistus
(Cistus ladaniferus subsp. africanus, Cistus monspeliensis and Cistus
salvifolius) of two mountain ranges (Tlemcen Mountains and Traras
Mountains), it will allow us to classify plants according to the following
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flammability parameters: ignition delay, burning time and the height of the
flame used by (Vallette, 1990) depending on the water content parameter. In
this work, we make comparisons between the flammability parameters
studied to get an idea about the status of taxa tested which allows us to better
appreciate the sensitivity to light of our natural environment make. The
stratification of the vegetation (Tree layer, shrub layer and herb layer)
remains a fundamental component to analyze the problem.

Material and Methods

To determine the sensitivity of vegetation fire in the study area
(Tlemcen Mountains, Traras Mountains), we adopted as the method of INRA
of Avignon (France) (Vallette, 1990, Moro, 2004) to measure the
flammability of 38 plant species (Cistus ladaniferus subsp. africanus, Cistus
monspeliensis, Cistus salvifolius, Ampelodesma mauritanicum, Arbutus
unedo, Asparagus albus, Asparagus stipularis, Calycotome intermedia,
Ballota hirsuta, Acacia cyanophylla, Chamaerops humilis, Ceratonia
siliqua, Crataegus oxyacantha, Daphne gnidium, Cytisus triflorus, Erica
arborea, Echium vulgare, Galium verum, Globularia alypum, Juniperus
oxycedrus, Lavandula dentata, Lavandula stoechas, Olea europaea,
Phagnalon saxatile, Pinus halepensis, Quercus suber, Quercus faginea
subsp. tlemceniensis, Rhamnus alaternus, Lonicera implexa, Prasium majus,
Rosa canina, Rubus ulmifolius, Salvia verbenaca, Tetraclinis articulata,
Thymus ciliatus, Ulex parviflorus, Withania frutescens and Euphorbia
helioscopiae). For this purpose, different parameters were considered: the
ignition delay, the duration of combustion and flame height expressing
flammability, combustibility and intensity of combustion (The time in
seconds was calculated by a multi-turn stopwatch to the ignition delay and
combustion time, the flame height was measured using a scale in
centimeters). The water content [MF = (1 — MS) x 100]* is a critical factor
that comes into play as to whether or not influences on the parameters
mentioned above (A sample of 2 g of fresh material for each species was
placed in an oven 120 °C for 24 hours). The samples were collected during
the spring season (Month of April and May 2013), a test of three samples
(10g each) measured by an electric balance (1/1.000 gram) for each species
was implemented using an infrared burner, wherein the temperature to start
burning the samples was measured by a temperature probe of a multi-meter
which corresponds to position 10 (850 °C). To have a flammability rating for
each plant species, two things are needed: the average time of ignition and
the ignition frequency, for our case, we took the first because all subjects

5 MF : Fresh matter ; MS : Dry matter.
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have tests positive using the classes from the following formula: (Class
interval = maximum value - minimum value / number of classes). We note
that we have also given a score for the other parameters (Flammability,
combustion intensity and water content) using the same principle of
classification mentioned above.

Results and Discussion
Flammability and combustibility

Figure 1: The average time of ignition (MDI) and the average duration of combustion
(MDC) plant species (Study Area).

250

i A uvw\.
trvvv A A AN A =

Species

Seconds

a

e
5
a
r
s
a
s

mmmmm

£
g
£
g

opaea
axati
pen:
agin

o 2 3 2 8 ,

aeu
alatern
aimple
um maj

Lawandula st
al
Phagnalon
Pinus hal
Quercus
Querct

S oa 32

Arbutus unedo
Asparagus albus
Ballota hirsuta
Cytisus triflorus
Daphne gnidium
Erica arborea
Echium vulgare
Galium verum
Globularia alypum
Rosa canina
Thymus ciliatu
Ulex parviflaru

w @ ow =

Prasi
Salviaverbenaca 4

Cistus ladaniferus
Acada oyanophylla
Ceratonia siliqua
Lavandula dentata
Rubus ulmifalius
Tetradinis articulat

Lanice

Juniperus oxycadrus
Rhamnu

Asparag us stipularis
Calyeotome intermedia
Chamaerops humilis
Crataegus oxyacantha
Withaniafrutescen
Euphorbia helioscopia

Ampelodesmam

(Figure 1) shows that some plant species have a short ignition delay
which varies between 1 and 60 seconds and a long burning time, which
varies between 100 and 230 seconds (Erica arborea, Arbutus unedo,
Ceratonia siliqua, Lavandula stoechas, Ulex parviflorus, Thymus ciliatus,
Lonicera implexa, Cytisus triflorus, Juniperus oxycedrus, Quercus faginea,
Quecus suber and Pinus halepensis), which remain extremely sensitive to
fire representative groups of Quercus suber and Quercus faginea (Mountains
of Tlemcen). For the same vegetation, there are plant species that have a long
ignition delay and a long burning time, this is the case for Cistus salvifolius
and Rhamnus alaternus. We also note that there are plant species that have a
short ignition delay and a short burn time, so Cistus ladaniferus, Calycotome
intermedia and Crataegus oxyacantha.

Plant species characterizing groups Tetraclinis articulata (Mountains
of Traras), some taxa have a short ignition delay and a long burning time
(Cistus monpeliensis, Lavandula dentata, Globularia alypum, Galium verum,
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Erica arborea, Asparagus albus and Asparagus stipularis). We also observe
that there are plant species with a short ignition delay and a short burn time,
this is the case for Tetraclinis articulata, Calycotome intermedia and Olea
europaea. For Chamaerops humilis species characterizing environments
degradation pathway has a long ignition delay and a short burn time. These
results allow us to affirm that these formations are vulnerable to forest fires.
(Figure 2 and Figure 3) clearly shows that for all of our study area,
the vegetation is represented by 87% of highly flammable taxa and 42% of
highly combustible taxa. The relationship between flammability and
combustibility of plant species due to the outbreak and spread of wildfires

process.
Figure 2: Flammability (Study Area).
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Figure 3: Combustibility (Study Area).
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Combustion intensity and water content
Figure 4: Heights of the flame (MHF) of plant species (Study Area).
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Figure 5: The water content (%) of plant species (Study Area).
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(Figure 4) indicates the peak flame height between 20 and 60 cm,
which is the case for the following plant species: Calycotome intermedia,
Ceratonia siliqgua, Ampelodesma mauritanicum, Quercus suber, Cistus
ladaniferus, Rubus ulmifolius and Ulex parviflorus resulting in a high
combustion intensity characterizing groups of Quercus suber and Quercus
faginea (Mountains of Tlemcen). For groups Tetraclinis articulata
(Mountains of Traras), we note that there is a peak for Globularia alypum
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reflecting the intensive combustion and an average intensity of combustion
Tetraclinis articulata, Asparagus stipularis, Cistus monspeliensis, Olea
europaea, Pinus halepensis and Galium verum. The intensity of burning
Cistus salvifolius remains low for both vegetation of the study area.

(Figure 5) shows the high levels of moisture content ranging between
60 and 80% of the plant species concerned are as follows: Cistus ladaniferus,
Cistus monspeliensis, Cistus salvifolius, Arbutus unedo Calycotome
intermedia, Cytisus triflorus, Quercus faginea, Rosa canina, Lonicera
implexa, Thymus ciliatus, Prasium majus, Lavandula dentata, Globularia
alypum and Galium verum, these rates coincide with the intensive
combustion of most taxa and characterizing the vegetation of the two
mountains in the study area.

For the entire study area, (Figure 6) shows that there is a percentage
of 63% of plant species of the intensive combustion. Similarly, (Figure 7)
indicates that there is a percentage of 42% of the taxa with high water
content. We can explain these results by the combination of the amount of
hydrated water releasing oxygen and essential oils, resins, gum that contains
biological material.

Figure 6: Combustion intensity (Study Area).
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Figure 7: Water content (Study Area).
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The classification of plant species according to flammability

parameters and water content

The flammability of forest species classification is an essential
component of the danger of fuel and fire risk assessment, which are
important elements of judicial planning fire management (Le Houérou, 1973,
Trabaud, 1976, Barney and Aldrich, 1980). Louis Trabaud and Jean-Frangois
Galtié in their work fire risk assessment, established a scoring species
characterizing their susceptibility to the flammability and combustibility

(Peyre, 1991).

For our study area, the classification of plants according to their
scores for each parameter of interest is a fundamental step to better define
the plant communities of our study area (Table. 1, 2, 3 and 4).

The resulting classes are:
Note of flammability (Seconds):

>130 (1)
65<...<130 (2)
<65 3)

Note of combustibility (Seconds):
>102 (1)
73<...<102 (2
<73 3)

Note of combustion intensity (Centimeters):

>20 3)
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10<...<20 (2)

<10 (1)
Note of water content (Percentage):
> 65 3)

50<...<65 (2)

<50

(1)

Table 1: Classification of plant species according to note of flammability.

Name of plant species Family Strata Note of Flammability
Cistus ladaniferus Cistaceae Shrub 3
Cistus monspeliensis Cistaceae Herbaceous 3
Ampelodesma mauritanicum Poaceae Shrub 3
Arbutus unedo Ericaceae Tree 3
Asparagus albus Liliaceae Shrub 3
Asparagus stipularis Liliaceae Shrub 3
Calycotome intermedia Fabaceae Shrub 3
Acacia cyanophylla Fabaceae Tree 3
Ceratonia siliqua Cesalpiniaceae Tree 3
Crataegus oxyacantha Rosaceae Shrub 3
Cytisus triflorus Fabaceae Shrub 3
Erica arborea Ericaceae Shrub 3
Echium vulgare Boraginaceae | Herbaceous 3
Galium verum Rubiaceae Herbaceous 3
Globularia alypum Globulariaceae | Herbaceous 3
High Juniperus oxycedrus Cupre_ssaceae Tree 3
flammability Lavandula dentata Lam!aceae Herbaceous 3
Lavandula stoechas Lamiaceae Herbaceous 3
Olea europaea Oleaceae Tree 3
Phagnalon saxatile Asteraceae Herbaceous 3
Pinus halepensis Pinaceae Tree 3
Quercus faginea Fagaceae Tree 3
Quercus suber Fagaceae Tree 3
Rhamnus alaternus Rhamnaceae Shrub 3
Lonicera implexa Caprifoliaceae Tree 3
Prasium majus Lamiaceae Shrub 3
Rosa canina Rosaceae Tree 3
Rubus ulmifolius Rosaceae Shrub 3
Salvia verbenaca Lamiaceae Herbaceous 3
Tetraclinis articulata Cupressaceae Tree 3
Thymus ciliatus Lamiaceae Herbaceous 3
Ulex parviflorus Fabaceae Shrub 3
Euphorbia helioscopiae Euphorbiaceae | Herbaceous 3
Ballota hirsuta Lamiaceae Herbaceous 2
Moderate Chamaerops humilis Palmaceae Shrub 2
flammability Daphne gnidium Thymeleaceae Shrub 2
Withania frutescens Solanaceae Tree 2
Low flammability Cistus salvifolius Cistaceae Herbaceous 1
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Table 2: Classification of plant species according to note of combustibility.

Name of plant . Note
species Family Strata of o
Combustibility
Calycotome
intermedia Fabaceae Shrub 3
Cytisus triflorus Fabaceae Shrub 3
Juniperus oxycedrus | Cupressaceae Tree 3
Rubus ulmifolius Rosaceae Shrub 3
Tetraclinis
articulata Cupressaceae Tree 3
Ulex parviflorus Fabaceae Shrub 3
Ampelodesma
High mauritanicum Poaceae Shrub 3
combustibility Crataegus
oxyacantha Rosaceae Shrub 3
Olea europaea Oleaceae Tree 3
Pinus halepensis Pinaceae Tree 3
Quercus faginea Fagaceae Tree 3
Quercus suber Fagaceae Tree 3
Rosa canina Rosaceae Tree 3
Chamaerops humilis Palmaceae Shrub 3
Daphne gnidium Thymeleaceae Shrub 3
Cistus salvifolius Cistaceae Herbaceous 3
Cistus ladaniferus Cistaceae Shrub 2
Cistus monspeliensis Cistaceae Herbaceous 2
Arbutus unedo Ericaceae Tree 2
Asparagus albus Liliaceae Shrub 2
Asparagus stipularis Liliaceae Shrub 2
Moderate Acacia cy_ano_p_hylla Fabgcgae Tree 2
combustibility Cerat_onla siliqua Cesalp_mlaceae Tree 2
Galium verum Rubiaceae Herbaceous 2
Globularia alypum | Globulariaceae | Herbaceous 2
Lavandula stoechas Lamiaceae Herbaceous 2
Euphorbia
helioscopiae Euphorbiaceae | Herbaceous 2
Rhamnus alaternus Rhamnaceae Shrub 2
Erica arborea Ericaceae Shrub 1
Echium vulgare Boraginaceae | Herbaceous 1
Lavandula dentata Lamiaceae Herbaceous 1
Lonicera implexa Caprifoliaceae Tree 1
Low Prasium majus Lamiaceae Shrub 1
combustibility Salvia verbenaca Lamiaceae Herbaceous 1
Thymus ciliatus Lamiaceae Herbaceous 1
Phagnalon saxatile Asteraceae Herbaceous 1
Withania frutescens Solanaceae Tree 1
Ballota hirsuta Lamiaceae Herbaceous 1
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Table 3: Classification of plant species according to note of combustion intensity.

Name of plant . Note Of
. Family Strata Combustion
species .
Intensity
Cistus ladaniferus Cistaceae Shrub 3
Cistus monspeliensis Cistaceae Herbaceous 3
Ampelodesma 3
mauritanicum Poaceae Shrub
Arbutus unedo Ericaceae Tree 3
Asparagus stipularis Liliaceae Shrub 3
Calycotome 3
intermedia Fabaceae Shrub
Acacia cyanophylla Fabaceae Tree 3
Ceratonia siliqua | Cesalpiniaceae Tree 3
Cytisus triflorus Fabaceae Shrub 3
Erica arborea Ericaceae Shrub 3
Strong Galium verum Rubiaceae Herbaceous 3
combustion Globularia alypum | Globulariaceae | Herbaceous 3
intensity Juniperus oxycedrus | Cupressaceae Tree 3
Lavandula stoechas Lamiaceae Herbaceous 3
Olea europaea Oleaceae Tree 3
Pinus halepensis Pinaceae Tree 3
Quercus suber Fagaceae Tree 3
Rhamnus alaternus Rhamnaceae Shrub 3
Rosa canina Rosaceae Tree 3
Rubus ulmifolius Rosaceae Shrub 3
Tetraclinis 3
articulata Cupressaceae Tree
Ulex parviflorus Fabaceae Shrub 3
Chamaerops humilis Palmaceae Shrub 3
Daphne gnidium Thymeleaceae Shrub 3
Asparagus albus Liliaceae Shrub 2
Crataegus 2
oxyacantha Rosaceae Shrub
Echium vulgare Boraginaceae | Herbaceous 2
Phagnalon saxatile Asteraceae Herbaceous 2
Moderate Quercus faginea Fagaceae Tree 2
combustion Lonicera implexa | Caprifoliaceae Tree 2
intensity Prasium majus Lamiaceae Shrub 2
Salvia verbenaca Lamiaceae Herbaceous 2
Thymus ciliatus Lamiaceae Herbaceous 2
Euphorbia 2
helioscopiae Euphorbiaceae | Herbaceous
Ballota hirsuta Lamiaceae Herbaceous 2
Low Lavandula dentata Lamiaceae Herbaceous 1
combustion Withania frutescens Solanaceae Tree 1
intensity Cistus salvifolius Cistaceae Herbaceous 1
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Table 4: Classification of plant species according to note of water content.

Name of plant . Note
species Family Strata of Water
Content
Cistus ladaniferus Cistaceae Shrub 3
Cistus monspeliensis Cistaceae Herbaceous 3
Calycotome 3
intermedia Fabaceae Shrub
Acacia cyanophylla Fabaceae Tree 3
Echium vulgare Boraginaceae | Herbaceous 3
Galium verum Rubiaceae Herbaceous 3
Globularia alypum | Globulariaceae | Herbaceous 3
Strong Lavandula dentata Lamiaceae Herbaceous 3
water content Lonicera implexa Caprifoliaceae Tree 3
Prasium majus Lamiaceae Shrub 3
Salvia verbenaca Lamiaceae Herbaceous 3
Euphorbia 3
helioscopiae Euphorbiaceae | Herbaceous
Quercus faginea Fagaceae Tree 3
Withania frutescens Solanaceae Tree 3
Cistus salvifolius Cistaceae Herbaceous 3
Ballota hirsuta Lamiaceae Herbaceous 3
Arbutus unedo Ericaceae Tree 2
Asparagus albus Liliaceae Shrub 2
Asparagus stipularis Liliaceae Shrub 2
Ceratonia siliqua Cesalpiniaceae Tree 2
Cytisus triflorus Fabaceae Shrub 2
Juniperus oxycedrus | Cupressaceae Tree 2
Tetraclinis articulata | Cupressaceae Tree 2
Moderate water Thymus ciliatus Lamiaceae Herbaceous 2
content Ulex parviflorus Fabaceae Shrub 2
Crataegus 2
oxyacantha Rosaceae Shrub
Olea europaea Oleaceae Tree 2
Phagnalon saxatile Asteraceae Herbaceous 2
Pinus halepensis Pinaceae Tree 2
Rosa canina Rosaceae Tree 2
Daphne gnidium Thymeleaceae Shrub 2
Erica arborea Ericaceae Shrub 1
Lavandula stoechas Lamiaceae Herbaceous 1
Rubus ulmifolius Rosaceae Shrub 1
Low Ampelodesma 1
water content mauritanicum Poaceae Shrub
Quercus suber Fagaceae Tree 1
Rhamnus alaternus Rhamnaceae Shrub 1
Chamaerops humilis Palmaceae Shrub 1

We note that non-flammable plants are: Asphodelus microcarpus,

Sedum acre, Urginea maritima and Smilax aspera.
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The classification of flammability parameters and water content

according to the strata

Fi

ure 8: Flammability according to the strata of plant species (Study Area).
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Figure 11: Water content according to the strata of plant species (Study Area).
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(Figure 8) shows that the three strata (tree, shrub and herbaceous) are
dominated by highly flammable plant species, moderately flammable taxa
remain low in the three strata or layers while low flammability species are
only herbaceous with a small amount.

(Figure 9) shows that only the tree and shrub layer is dominated by
highly combustible plants and a small amount of fuel little by taxa against
the herbaceous layer is dominated by few taxa fuel and a small amount of
highly combustible plants. Moderately fuel plants are moderately represented
for the three strata.

(Figure 10) shows the tree and shrub layer is dominated by taxa
intensive combustion while the herbaceous layer is moderately represented
by these plants. The latter is dominated by taxa to medium combustion with
low representation for plants with low combustion intensity. Taxa medium
and low intensity of combustion are poorly represented in the tree and shrub
layer.

(Figure 11) indicates that the taxa with high water content are at the
herbaceous layer while they are moderately represented in the tree and shrub
layer. By cons, plant species in average water content are at the tree and
shrub layer while in the herbaceous layer is poorly represented. The taxa
with low water content are strongly represented in shrub layer by against the
tree and herbaceous layer are represented by small amounts.

We can conclude that the tree and shrub strata remain the most
vulnerable to forest fires in our study area.

The development of a risk map forest fires of Tlemcen region is a
necessary step to make it easier for forest managers to determine an
appropriate strategy against forest fires.

To achieve this goal, we used the method of scoring vegetation of our
study according to the note flammable range and the combustibility of their
plants and their classification based on the interval class to achieve the three
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representative classes of the study area (high risk, medium risk and low risk)
(Table. 1, 2, 3 and 4).

(Figure 12) clearly shows that the mountains of Tlemcen (Forest of
Hafir and Pre-forest of Zarifet) and Mountains of Traras (Pre-forests and
matorrals of Ghazaouet and Nedroma) represented by the degraded Quercus
suber plant groupings, Quercus faginea and Tetraclinis articulata colonized
by three species of Cistus (Cistus ladaniferus, Cistus monspeliensis and
Cistus salvifolius) natural ecosystems remain at high risk and have a high
sensitivity was fire. By cons, in the middle of these two mountains and the
steppes that lie below the mountains of Tlemcen channels, we notice the
presence of highly degraded ecosystems in arid and semi-arid marked by a
medium and low risk.

From this, we can say that the prevention of forest fires and the long-
term forecast for a map projection to the future with the help of GIS
(Geographic Information System) and remote sensing as well as awareness
are necessary steps to be taken to avoid any devastating disasters that can
happen again in the near future.

Figure 12 : The map of firerisk of plant groupings with Cisms
in the area of Tlemcen (Westzm Alperia).
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Conclusion

Tlemcen region is represented by different natural ecosystems (pre-
forest, matorrals). These plant communities are occupied by large surfaces
based on:

- Plant Groups Cistus ladaniferus subsp. africanus;

- Plant Groups Cistus salvifolius;

- Plant Groups Cistus monspeliensis.

For the entire study area, taxa that have a short ignition delay and a
short or long burning (Erica arborea, Arbutus unedo, Ceratonia siliqua,
Lavandula stoechas, Ulex parviflorus, Thymus ciliatus, Lonicera implexa ,
Cytisus triflorus, Juniperus oxycedrus, Quercus faginea subsp.
tlemceniensis, Quercus suber, Pinus halepensis, Cistus ladaniferus subsp.
africanus, Calycotome intermedia, Crataegus oxyacantha, Cistus
monspeliensis, lavandula dentata, Globularia alypum, Galium verum,
Asparagus stipularis, Asparagus albus, Tetraclinis articulata, Olea
europaea and Chamaerops humilis). These plants remain extremely
susceptible to fire characterizing vegetation degraded with Quercus suber,
Quercus faginea subsp. tlemceniensis and Tetraclinis articulata (Mountains
of Tlemcen and Mountains Traras).

The study on the fire risk of plant groupings in the region of Tlemcen
allowed us to highlight three classes of plant species according to their
degrees for each parameter:

1) Flammability:

- Highly flammable species (86.84%);

- Moderately flammable species (10.52%);

- Low flammability species (2.63%).

2) Combustibility:

- Highly combustible species (42.10%);

- Moderately combustible species (31.57%);

- Little combustible species (26.31%).

3) Intensity of Combustion:

- Strong combustion intensity species (63.15%);

- Moderate combustion intensity species (28.94%);

- Low combustion intensity species (7.89%).

4) Water content:

- Strong water content species (42.10%);

- Moderate water content species (39.47%);

- Low water content species (18.42%).

The tree layer and shrub strata remain the most vulnerable to forest
fires in our study area.
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It would be desirable to control the fire and avoid repetition, for
frequencies too close destroys biodiversity and remote frequencies enriched
plant genetic potential.

Ecosystem management based on Cistus against devastating fires
resulting in the establishment cuts fuel on the ground (Duche and Rigolot,
2000).

References:

A. Ferran, I. Serrasolsas, et V.R. Vallejo. Soil evolution after fire in Quercus
ilex and Pinus halepensis forests, In ‘Responses of Forest Ecosystems to
Environmental Changes’, (EdsA Teller, P Mathy, JNR Jeffers), pp : 397-
404, 1992. (Elsevier: London, UK).

C. Moro. Inflammabilité et siccité de la bruyere arborescente, siccité de
I’Arbousier, Campagne été 2004, Inst. Nat. Rech. Agro (INRA), Départ For.
Mil. Nat. Unité de recherches forestieres méditerranéennes, Equipe de
prévention des incendies de foréts, Document PIF 2004-12, 37 p. + annexes,
2004.

C. Papio, et L. Trabaud. Structural characteristics of fuel components of five
Mediterranean shrubs, Forest Ecology and Management 35, 249-259, 1990.
Cemagref. Protection des foréts contre l'incendie, Guide technique du
Forestier Méditerranéen Francais, Aix-en-Provence, France, 1990.

Cf. Francis, et Jb. Thornes. Runoff hydrographs from three Mediterranean
vegetation cover types, In ‘Vegetation and Erosion’, (Ed. JB Thornes), pp :
363-384, 1990. (Wiley: Chichester, UK).

Cs. White. Monoterpenes — their effects on ecosystem nutrient cycling,
Journal of Chemical Ecology 20, 1381-1406, 1994,
doi:10.1007/BF02059813.

D. Alexandrian, et E. Rigolot. Sensibilité du Pin d’Alep a I’incendie, Revue
Forét Méditerranéenne t. X111, n°® 3, juillet 1992, 14p., 1992.

Eht. Mark. Measuring foliar flammability with the Limiting Oxygen Index
method, Forest Science 34(2), 523-529, 1988.

Fa. Albini. Dynamics and modelling of vegetation fires: observations, In
“The ecological, atmospheric and climatic importance of vegetation fires’,
(Eds PJ Krutzen and JG Goldammer), pp : 39-52, 1992. (John Wiley& Sons:
Chichester).

G. Massari, et A. Leopaldi. Leaf flammability in Mediterranean species,
Plant Biosystems 132(1), 29-38, 1998.

He. Anderson. Forest fuel ignitability, Fire Technology 6(4), 312-319, 1970.
Hn. Le Houérou. Fire and vegetation dynamics in the Mediterranean Basin,
In “Proceedings of the 13th Annual Tall Timbers Fire Ecology Conference’,
pp : 237-277, 1973. Talahasse, Florida.

101



J. Llusia, et J. Pefiuelas. Seasonal patterns of terpene content and emission
from seven Mediterranean woody species in field conditions, American
Journal of Botany 87, 133-140, 2000. doi:10.2307/2656691.

J.C. Valette. Inflammabilité des espéces forestieres méditerranéennes,
conséquences sur la combustibilité des formations forestiéres, Rev. For. Fr.
XLI = n®sp. 1990, pp : 76 — 92, 1990.

K. Misbach. Waldbrande, (VEB Deutcher Landwirtchaftsverlag: Berlin),
1982.

L. Trabaud. Experimental study on the effects of prescribed burning on a
Quercus coccifera L. garrigue: early results, Tall Timbers Fire Ecology
Conference Proceedings 13, 97-129, 1974.

L. Trabaud. Inflammabilité et combustibilité des principales especes des
garrigues de la région méditerranéenne, Acta Oecologica-Oecologica
Plantarum 11, 117-136, 1976.

M. Cappelli, S. Bonani, et I. Conci. Sul Grado d’Inflammabilita di Alcune
Specie Della Macchia Mediterranea, In ‘Collana Verde, Vol. 62°, pp : 1-52,
1983. (Ministero dell’ Agricoltura e delle Foreste: Rome, Italy).

Mk. Owens, Cd. Lin, Ca.Jr. Taylor, et Sg. Whisenant. Seasonal patterns of
plant flammability and monoterpenoid content in Juniperus ashei, Journal of
Chemical Ecology 24 (12), 2115-2129, 1998. doi:10.1023/ A:102079
3811615.

Pw. Rundel. Structural and chemical components of flammability, In
‘Proceedings of the Conference on Fire Regimes and Ecosystem Properties’,
(Eds HA Mooney, TM Bonnicksen, NL Christensen, JE Lotan and WA
Reiners), USDA Forest Service, Gen. Tech. Rep. WO - 26, pp : 183-207,
1981.

R. Moench, et J. Fusaro. Soil erosion control after wildfire, University of
Colorado, Fact sheet Ne 6308, (Boulder, CO) Ogaya, R., Penuelas, J.,
Martinez-Vilalta, J., Mangiron, M., 2003, Effect of drought on diameter
increment of Quercus ilex, Phillyrea latifolia, and Arbutus unedo in a holm
oak forest of NE Spain, Forest Ecology and Management 180, 175-184,
2003. doi:10.1016/S0378-1127(02)00598-4.

Rj. Barney, et Df. Aldrich. Land management-fire management: policies,
directives, and guides in the national forest system; a review and
commentary, USDA Forest Service, Gen. Tech. Rep. INT - 76, Ogden, UT,
1980.

Rj. Whelan. The ecology of fire, (Cambridge University Press: Cambridge),
346 pp., 1995.

Rw. Mutch. Wildland fires and ecosystems-a hypothesis, Ecology 51(5),
1046-1052, 1970.

S. Bautista, J. Bellot, et V.R. Vallejo. Efectos de la siembra de herbaceas y la
cubierta de paja sobre la escorrentia y la erosion post incendio en ambiente

102



semiarido, In ‘Geomorfologia en Espafia: IIl Reunion Nacional de
Geomorfologia. Vol. 2°, 14-16 September 1994, Logrofio, Spain, (Eds A
Gomez Villar, JM Garcia Ruiz, J Arndez Vadillo), pp : 189-198, 1994.
(Sociedad Espafiola de Geomorfologia: Logrofio, Spain).

S. Peyre. Le chéne-liege des Pyrénées-Orientales face au feu, Base de
données sur les incendies de foréts du syndicat des propriétaires forestiers
des PO (64 % de la surface incendiée), Données IFN 1991, 6p., 1991.

S. Rambal, et C. Hoff. Mediterranean ecosystems and fire: the threats of
global change, In ‘Large Forest Fires’, (Ed. JM Moreno), pp : 187-213,
1998. (Backhuys Publishers: Leiden, the Netherlands).

Y. Duche, and E. Rigolot. Mises au point préliminaires, In conception des
coupures de combustible, Document Réseau coupures de combustible n°4,
édition de la Cardére, Moriéres, pp : 29-40, 2000.

103



