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ABSTRACT

Background : Djebel Messaad is an Aleppo pine natural forefDied Nail mountains (Saharan Atlas). It is located/’sila province

(Algeria). It is submitted to a continental s-arid Mediterranean bioclimate. Its substrate isnigdimestone. The pography seems mosg
important on the plant diversity and the distribatiof the vegetation and how is its impact of thislogical entity.Objective: Repeated
drought, fire risk in the Mediterrane&rest, mostl made of Aleppo pine and overgrazing compromisgodiversit) where it remaing
imperative to know the existing plant diversity anefetation distribution according to the topogreghfactors in ordero rule on the
degradation or loss future flora that can takeglacthat particular areor its preservation where there is actual no measuprotect thi

environment and its components. In this studyntie¢hodology adopted is a r-probability sampling mixed (stratified and subjee)i led

by topographical three factors: exposure,ude and slope. They were applied in a representatiea with the completion of 24 floris

samples.Results: The floristic analysis showed that the study aredudes 97 taxa distributed in 73 genera and 2&nieal families. The

floristic diversity is richer and more diverse imetcatchment northwest and decreases with inceadiitude and slope.hey have an
indirect influence on the vegetation where they @anodifying influence on other physical ecologjifegtors that have airect influence,
including the elements of climate, the soil seiagd stoninesThe stational richness and diversity shtighest values in the first variar

of the topographical factors studied: Nowest exposure, low altitude and low slope. Ahe datistical analys results give a significant
difference for the Exposure and the Sleghere the average of the obsel plant was highefThe numerical analysis of ttphytodiversity
by using Detrended Correspondence Analysis (DCAggaresult of behavior topographical factors amlindividualization ¢ sample
subgroups encompassing species subsets whichtsefliéferent environmental conditions quite special toghely area where vegetati
appeared much more adapted to the enviror. Conclusion: The diversity and the plant distribution appear mbe influenced b
topographical factors that showed a floristchness more pronounced in the northwest side aoéakes with altitude and slope. Th
results are directly a response to the ecologeglirements of the plants but also indirectly byditioning other factcs which will impose
a particular presen@nd distribution of vegetatic

—
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INTRODUCTION

The position of the Mediterranean between Europe A&fnica, its geography and its role as shelter
altitude cash during the ice ages have contribtbedts immense biodiversity and at high endem([50].
Mediterranean forests are of outstanding irst listed plant species richness, both in termspacies tha
constitute, as species that participate in thegasion of habitats they individuali[57,6]. The Mediterranean
basin is one of the world's major centers of ptiimérsity, the second important hot spot of theld/and the

Copyright © 2016 by authors andCopyright, American-Eurasian Network for Scientific Informatio n (AENSI Publication).
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largest of the five Mediterranean climate regiofishe planet [48,40]. This basin is the third hptsof the
world's richest plant diversity [41] where the Medianean countries hold almost 4.5% of the wodddemic
flora [49]. This region contains almost 50% oftital specific flora endemism [39]. The plant riess is due to
the great topographic diversity of the environmeuritghe region and has resulted in a wide rangéocdl

climates [41,9]. During this time, the Mediterrandarests have shrunk in area and have lost batmdss and
biodiversity [45]. Natural factors, such as theiafe(exposure, slope, altitude), climate (lightmfgerature,
precipitation, evaporation, wind, frost) and sdiufidity, limestone rate, soil depth, organic antheral

nutrients, biological activity, soil type ...), padainstallation species according to their own imegoents and
determine the vegetation in particular places [G4je geographical location of Algeria between twapées

floral, Holarctis in the north and Paleotropis e tsouth, holds the leash flora includes 4000 tagadows
spread over 131 botanical families and 917 gendliahnv464 are national endemic taxa including 383ces,
53 subspecies and 24 varieties [71]. The Djebedddad study area is a forest of the chain of AdgeBiaharan
Atlas located in M'sila province. This environmeathome to a typical continental natural pine far@his

forest stand is a natural protective barrier andtrioutes to the maintenance and conservation ®fnibrth

steppe highlands from the southern desert harbanfigences [25]. Variation in the topographicahfieres
directly influences to the microclimatic condition$ the area [47]. This study aims to show theuafice of
topography on the plant diversity and the distitouof the vegetation where three factors, thatattarize this
environment, were selected: exposure, altitudestope. Do not forgot that the forest ecosystemsanemely
rich in plant species [66] and the geographicalrithistion of species and diversity of plant comntias are
strongly influenced both by the diversity of biogloal environments and human impacts [55].

MATERIALS AND METHODS

I.1. Study Area:

The study area is a natural pine forest locatetthénDjebel Messaad forest. It's situated in theefst of
Ouled Nail Mountains in the Saharan Atlas of Algett belongs to M’sila province and is far of 3 Klast
Djebel Messaad City, 15 km south Bousaada City4thé&m south west the saline dry lake Chott El Hodna
Ramsar Conservation Wetland (Fig. 1).
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Fig. 1: Study area location

The Djebel Messaad forest presents many small n@andinged into three main structures oriented
Northeast to the Southwest, where the presencéreé tlines of substantially parallel ridges whiefft lthe
dominance of two major exposures opposite: northenred southeast. Elevations range from 1000 m 7@ 16.
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For the slopes, they are slightly flat at the fdsthand increase with altitude. In this evergrderest, the
Aleppo pine is the main essence and represent§%lao3 the total forest area. It is either mixedhatiie green
oak in the northwest exposures or the Phoeniciaipgu in the opposite ones. The vegetation of trest
undergoes natural order constraints, a greaterrtiaupee especially in last years in Algeria by thenalative
effect of the drought [16] and anthropogenic (ovazgg, uncontrolled tourism, illegal logging..Jhe
substrate is formed of material mainly Cretaceausfarest soils are generally thin and based ironitgjon the
limestone rocks [7]. The river system is sporadid active with the rainfalls.

The climate is Mediterranean and typically conttaért is characterized by:

- Average temperature of the coldest month (m) =9-2(1,

- Average temperature of the warmest month (M) =382¢,

- Average annual rainfall : 411,14 mm/year

- Emberger quotient (= 41,89.

These data let this forest belongs to Mediterrarseami-arid bioclimatic stage with cold winter.

[.2. Sampling and data analysis:

Environmentalist relies on sampling to provide dea of the composition of the community [34]. The
variability of the vegetation is primarily deterraith by the topographic heterogeneity [64]. The sampl
(floristic releve) is defined as a fragment takentty all because it contains the majority of plapecies
inventory[14]. To understand the influence of topographieators on the diversity and plant distribution, a
sample was selected using a representative aretheofstand we have taken into account the floristic
homogeneity of vegetation [5].

[.2.1. Sampling:

The sample design adopted is a mixed non-probalsimpling: stratified and subjective sampling.
Stratified sampling of the topographic factors waed to divide our study area into homogeneoutasfuaits).
These reflect the reality of existing combined siburse [62,74] where the selected topographiofaare:
exposure, altitude and slope (Table 1).

Table 1: The stratified topographical factors

Stratified topographu_:al ' factorp Variants Nomination Caracteristics

classes and the determination meafs and level

Exposure North-West Exposure El Wettest, belongs to nortegposure
(Compass) South-East Exposure E2 Driest, belongs to soutlguosure
Altitude (meter) Low altitude Al<1200 m Temperate altitude

(Altimeter) High altitude A2 >1200 m Cold and fresh altitude

Slope (%) Low slope SK10% Relatively flat ground

(Clinometer) High slope S2>10 % Sloping ground

After the thematic maps of the three stratifiedogaphical factors of our study (scale of 1/10 000)
exposure map, altitude map and slope map wherestaffied factor contains two variants [14] arftbatheir
superimposition, we have obtained the polythemap where are identified the homogeneous unitdratas
(Table 2).

Table 2: The stratified topographical factors and the distion of floristic samples

Stratified factors Variants

Exposure "E" E1l E2

Altitude "A" AL A2 Al A2

Slope 'S S1 S2 S1 S2 S1 S2 S1 S2
| Homogeneous units or stralag, a1 g1 | E1a1S2] E1A2S1  E1A2SP  E2A1$1  E2A1S2  E2A2S1 AZS2

Floristic |_(Stations)

Samples R1 R2 R13 R15 R16 R7 RO RS

Repetitions R4 R3 R14 R19 R21 R12 R11 R10
R5 RG R18 R20 R22 R17 R23 R24

The stratification gives eight (08) homogeneoussu(sgtations) where three (03) repetitions wereedion
each one. Concerning the subjective sampling,a@lad the first, it was used on land to impleméet ftoristic
samples in the most homogenous and representéitiens. The total number of the floristic samplesrefore
amounts to 24 = 08 units X 03 repetitions (TableThe execution of the samples took place duriegntionth
of April 2014. They were conducted according towemtional methods, through the establishment dagteof
all plant species (vascular) present on a predatednunit area within a homogeneous station: ithis
minimum area [21]. For all of our samples, thisaaveas 120 f This is the minimum area of a sample [19].
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This is the Braun-Binquet methc [17]. It involves the taking of all plant specigsthis minimal surfac and
where each species was assigby asemi-quantitative coefficient: abundamteminance[15]. This minimal
surface really expresses the area needec floristic sample [29]. The nomenclatunsed for the plant speci

is thatavailable, complete and covering the entire temyitof our study[58,59]The collectedplants were
identified and determined by the use¢the flora available at our level [36,54,58,58he voucher specimelof

the plantswere deposed in thBotanical Laboratory of Agricultural Sciencd3epartmer - Mohamed
BOUDIAF University of M'Sila(Algeria).

[.2.2. Data Analysis:

After identification ofthe collecte plants, data analysis focused on:

a- The handling of thddristic samples and taxa from our study of classificatadination and calculatio
of biodiversities ¢, p, y, andd) were made bthe Excel for Windows 2007 Software.

b- For numerical analysis of ttplant diversity, two techniques were used:

- The first, an analysis of variance (ANOVA), concethe data samples analyzed and discussed th
the means of statistical analyses of the StatiSfiaakage of Social Scienc(SPSS).

- Concerning the second analysis of our results, seel the Detrended Correspondence Analysis or
where we used the free progré&AST (Paleontological Statistics) Version 3.05 @-2015). In this analysit
we used binary data of speci{24,23,11,8,13,26,38,22,72,73]. The seqaantitative data of abundance-
dominance in our possession was transformed irdtitgtive presenc-absence data [1.

RESULTS
[I.1. Taxonomic analysis:
The overall flora of DjebeMessaa pine forest includes a list of 97 species. Thasa are distributed in 27
botanical families antielonging tc73 genera (Fig. 2).
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Fig. 2: Genera and specielstributior according to the most represented botarfanailies at Djebel Messaad
forest

[1.2. Stational richness andiversity:

The stational richness meaiihg species richness met and subservient to the ststation or sitf72]. The
highest values are encountered in the first vasiafitthetopographical factors studi: North-west exposure,
low altitude and low slope (Tabg).
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Table 3: Stational richness and diversity based on thegigghical factors of study

. Stational Diversities
Factors Variants -

richness o B Y d

e El 49 75
Exposure "E = 5% 78 1,58 26

" wan Al 49 74
Altitude "A’ ™ >3 78 1,59 97 25

nan S1 41 79
Slope "S 3 8 6 1,44 38

The first variants of the topographical factorsénaecorded:
- Exposure: Northwest (E1) = 49 taxa (50,52%) : &Syve cooler and wetter.
- Altitude: low (A1) = 49 taxa (50,52%) : Temperatéitude and less cold.
- Slope: low (S1) = 41 taxa (42,27%) : relativdbt Slope.

They diversity or diversity of the landscape, whichlimes all diversities, is the total diversity agas
landscape [70]. It is equal to our study area ts®aties. The: diversity as species richness within a local
ecosystem [33] seems higher at the first variahtepigraphical factors. Concerning tRaliversity, which is
given by the simple formulg = v / o [3]. Its low values (Table 3) are interpreted aflecting a strong
similarity between the compared sites [28,18] mehas the sites have many species in common. Theva
found for this diversity ranging from 1,44 to 1,5Bis denotes the presence of plant species accptdithe
topographical factors object of this study appdaroat identical. Indeed the low values of fheliversity are
inversely proportional to the cross-site diversitydiversityd that reflects the common fund corresponding to
those species present simultaneously in investigaivironments [68].

[1.3. Statistical analysis:

The data analyzed are related to the presencexaféacountered in the study area according to the
sampling adopted in the eight (08) investigatioatishal units and following the three (03) repetis
performed in each. If significant differences weegected, means were compared between the obserai
the p=0.05.

According to the results (Table 4), the Exposuretdia"E" has got a significant difference where the
northwest exposure, relatively more humid, shibvee average attendance of 19,50 againgt71fyr its

Table 4: Phytodiversity analysis of variance accordingi® topographical factors

Source of variation SS Df MS F- test P value Sigatibn
Exposure "E" 240,67 1 25,54 27,77 0,00009 S
Altitude "A" 28,17 1 240,67 3,25 0,08715 NS
Slope "S" 96 1 28,17 11,08 0,00424 S
Exposure x Altitude 60,17 1 96 6,94 0,01731 S
Exposure x Slope 6 1 60,17 0,69 0,42234 NS
Altitude x Slope 13,5 1 6 1,56 0,22833 NS
Exposure x Altitude x Slope 4,17 1 13,5 0,48 0,5043 NS
Within groups 138,67 16 4,17

Total 587,33 32 8,67

S: Significant and NS: Not significant

counterpart the southeast exposure which is relgtigry. It should be noted also that the exposunghwest
harbors a wealth of plant species than its oppesiposure: 75 against 48 taxa. Regarding the Stager "S",
we had a very significant difference. The low slgbews a plant species presence better than thpe skepe.
This slope variant gave an average of 18,33 agd#h&3 of presence for its opposite slope encoadten
steep slopes. In our case study, the low slopeb@re to more plant species richness than the stepps: 79
against 56 taxa. For the Exposure-Altitude inteoactshowed a significant difference too wheredkerage of
the observed presence of plant species was hightheinorthwest exposure in the low and high algtuE1A1
and E1A2 than the southeast ones according thé&itwis of altitude E2A1 and E2A2 (Fig. 3).
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Fig. 3: Plant species presence of iexposure-altitude interactions (Exposure: "E" afftitude "A")

[1.4. Numerical Analysis:

The DCA is atechnique of multivariate numerical analysis whigims to reduce data and resec
gradients [4,46,67]The apprehension of possible gradients allowsititerstanding distribution of the floris
sample and corresponding spec [73]. Following the DCA analysis, floristisample fall and hint at three
distinct subgroups (Fig. 4).aA first subgroup (1) encompasses the florisRd6, R17, R21 and R22." The
statements are characterized bytheasexposures "E2" and low altitudes "AZ.seconcsubgroup (2), which
includes the floristic samplé®13, R14, R15, R18, R19 and F', made in thenorthwes exposures "E1" and
high altitudes "A1". Finally, a lasubgrouf(3) includes the remaining sampl&is set, not very homogeno
gives a compact subgroup sémpls (3): "R8, R9, R10, R11, R23 and R2Zhese lashave been taken in
southeast exposures "E2" ahigh altitudes "A1".Many species were found in the study area (4 b). They
show different site conditions. A subset (A) comsthe remaining samples which is in the southeasbsxe
and high altitude. The subg@) concerns thdloristic samples conducted in the northwest exposnd higt
altitude. Between these tvgoibsets (A and B), a last subset of species (Cgappt collects the floristic
samples characterizing the southeast exposureoandliitude

@

DCA axe 2
Humidity

160

DCA axe 1

Fig. 4a: DCA ordination of the samples and species: Sitéiatibn of the 24 sample
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DISCUSSION

The Asteraceae family is the most represenn the Algerian flora [56] For our case study, tl
Poaceae family is thdominant one and which is essential to emphasakthie majorit of species are annual
(therophytespnd abound. This fact translated into reality statigneonditions particular where there the
presencef water for a period and its faill of the rest of the yeafhe abundance of therophyin comparison
to other forms of life is important likthe Algerian steppe [10], ineéhMoroccan wetland vegetation ,21] and
in the floraof Chott El Hodna in Algeria [2]. Thisabundance of therophytes can be explaine

- The presence of seasonal hets for the development of annual plants with geation and rapic
growth [20].

- A strategy of adaptation in unfavorable conditiansl a form of resistance to climatic rig([1].

- The opening of the plant’s cov|[2].

- The aridity of the environme [51].

For the stational richness’specie, the highest values are encountered in the firstaatsi of the
topographical factors studid¢@able 3: North-west exposure, low altitude and low sl. This illustrates that it
met the optimal conditions of pladevelopment. Concerning the diversitifse total diversity of the landsca
(y) is equal to our study area richness and the spedthnesso) seems higheat the first variants ¢
topographical factors which appear more favorabléheé vegetatiolestablishment. The values of the comr
diversity 8) and the crossite diversity o) are inversely proportionallhe low values of the first reflected
strong similarity between the investigated studsaarwherémany species afie common The second gives us
the common fund of species which is interprete@ achness of the investigative environme[70,68]. The
northwest exposure, which iglatively more humi, showed a stational richnessore importantagainst its
counterpart the southeast exposwieere this last appearslatively driest. The northern expost are much
watered than those located on the soutones [27] It should be noted also that the exposure noghharbors
a wealth of plant species thandtspositeone. This difference can be explained by:

- First, the local climate “wet and cool” createdthg Foehn effect that may play a more importard
locally [32]. This effect is manifested by humid winds northinteat bring rain clouds causing precipitas on
northwest exposures. When crossing the ridges, lieepme less wet on southeexposure. Identically at
theLauragais (Haute Garonne, France), exposureis divided into two groups as a result of the glc
orientation of exposureNorthwest / Southeast whithe South overall exposupFesents strong sunlight a
high evaporation and a generally north facing mautike lower temperatures and lower evapora[64].

- Second, in North Africa,hie northern exposures are much watered than tboaget on the southe
exposure [27].

- Third, the windof South and southei from the Sahara, are hot and dnd have inegative action on
vegetation [25].
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The low slope shows a plant species presence lkéerthe steep slope. It is subservient to thativelly
flat terrain. In our case study, the low slopes lawene to more plant species richness than the stepes.
Indeed the slope influences the runoff conditiond fiow of water surfaces and consequently detezmihe
water supply of vegetation [37]. The relativelytfl@rrain causes deep soils and water infiltrai®nmmore
important: the basement gets wetter and the vegetatill enjoy better, where the slope is corretate soil
humidity -a result of a growing flow of water withe slope- the water will influence environmentahditions
and vegetation settles there [64]. Also the geslibpes are home to more plant species than thgiosie
variant. Indeed steep slopes favor runoff and doeg¢® the phenomenon of soil erosion that consstuibhe
support of the floristic diversity. They leave akgppear significant stoniness (Personal observatidine study
environment). When we take the Exposure and Akitudgether (the interaction), it let's think thdiet
northwest exposure remains impressive and disphayfighest attendance rate of plant species im &ltitude
variations. As against, the southeast exposureinsmelatively poorer at the two altitudinal vaiats because
the firsts are wetter and presented a highesbatdtrrichness of plant than the seconds which areerdry.
Water plays a fundamental role in the life of p&afit5]. Don’t forgot that altitude determines ewvimental
conditions especially the climates [47].

This is related to the decrease in temperatuma tiee plain to the mountain peaks where also tleeisp
richness decreases with elevation in altitude [3Radso the South exposure models high radiatiam ih the
North one and it is responsible for that of detaism of the distribution of plant formations assded [37].
The distinguished subgroups (1, 2, 3 and 3’) shdwnthe DCA analysis (Fig. 4 a), let them in diffetre
statements. They are: spaced, contained many spauiklet appear different ecological conditiongradient
occurs along the DCA axis 2 (Fig. 4 a), reflectamgincreasing humidity (moisture) from up to dowduced
by the passage from southern exposure to a nortwgrasure and from low altitude to high altituddwe$e
subgroups: 1, 2, 3 and 3’, correspond respectit@lthe subsets: C, B and A (Fig. 4 b). The sub&gtig
composed oftaxa, such ad$inus halepensisMill, Globularia alypum L., Pistacia lentiscusL.,
Phillyria angustifoliaL., Rosmarinus officinalisL. and Cistuslibanotis L., illustrates the Aleppo pine
formations in Algerian Saharan Atlas [25,65]. Ndiat Pinus halepensiMill is the dominant plant and it
belongs to the Mediterranean area [52]. These plarg heliophilous and colonize areas where lackaiér
(drought) is mitigated in part by the high altitudecorded. These particular species illustrate fibeal
vegetation of the Aleppo pine formations of comntita¢ areas. This subset belongs to the
thermomediterranean floor [60] and can be placéd tihe lower mesomediterrannean one [53]. It igstxting
with the report subgroup (3") shown by the DCA drefig. 4 a). The subset (B) belongs to semi-arid
bioclimate with cold winter and an altitude abov@Q meters. It is composed oErinaceapungen$Boiss,
Quercus ilexL. and Juniperus oxycedrud. It is similar to the upper mesomediterranne&3][and
mesomediterrannean [63]. We recall, however, thatstudy area is situated beyond 1000 meters irseh-
arid bioclimatic stage with cold winter. FirstlQuercus ilexL. and Juniperus oxycedru&. belong to the
primitive forest vegetation of the semi-arid zoridnigh altitude[30,31],secondary these shrubs are classified in
the semi-arid bioclimatic stage with cold winterO[1Quercus ilexL. belongs to the mountains [12] and
Juniperus oxycedruk., which is a Mediterranean shrub or small trisealso found in higher elevations in
wetter forests [69]. ConcernirgrinaceapungensBoiss., it colonizes areas with cold and very oeldters at
high (above 1000 meters) altitudes [30,31,44]. Bhisset coincides with the subgroup of samplesk@jvn by
the DCA graph (Fig. 4 a) and manifests a northeposure and high altitude. The subset (C) inclgpeies:
Stipa tenacissimd.., Juniperus phoenice&., Artemisia herba albaAsso., Artemisia campestrid.., Stipa
parviflora Desf.,Noaea mucronatéForsk.) Asch. and SchwParonychia argentedPourr.) Lamk. Astragalus
cruciatusLink. andRetama retanwebb., characterizes a semi-arid area with cootexi the Steppe [10]. Note
also thatRetama retanwWebb. is a spontaneous species of the Saharan[86t which appear more adapted to
drought.

Another gradient occurs along the DCA axis 2 (High) caused by the exposure change and increasing
altitude: It indicates a decreasing temperaturmftop to bottom.

Knowing the distribution of plants and their divigysn terms of stational factors may contributéiyfuo
efforts to protect vulnerable plant habitats, prestion of endangered species where biology, atlaptand
maintains such species in this environment refldutsecological balance of the ecosystem and idugon
through time. This area must be preserved and @emteespecially from anthropogenic stresses.

CONCLUSION

As a result of this study, we can conclude thatdilrersity and the plant distribution in the Djeldtssaad
forest at M'sila province (Algeria) appear muchitiguenced by topographical factors that showedb&stic
richness more pronounced in the northwest sidedasdeases with altitude and slope where they déterthe
soil humidity conditions and temperature most atkgeous. Their role on this vegetation distribution
agreement with the results of botanical diversitgtional richness of the plant species and acogrth the
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numerical analysis, can be expressed directly spaese to the ecological requirements of the plantsalso
indirectly by conditioning other factors which withpose a particular presence of vegetation su¢heagate of
limestone, soil depth, richness in organic and naineutrients, biological activity of the soil...

The individualization of floristic samples of graufets appear some subsets of species which igsndind
reflects different environmental conditions and #welogical specificity of the study area where gvadients
were identified. A rise of humidity and a decregsiemperature induced by the passage from souéhgrosure
to a northern exposure (change in exposure) aitddstup (from low to high altitude).

This kind of forest is a rare forest ecosystem whieracts as a natural biological barrier against
desertification especially since it's a southerntursd forest whose research perspectives can atiecanimal-
plant relationship, plant-microbe relationship atahts medicinal interest...

Preserving and maintaining this habitat and itgaflanust be register in emergency concerns like
preservation programs, conservation and sustaimadtegement of natural resources.
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