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ABSTRACT

Zagros ecosystem is considered as one of the mmsiriant biological sites in the Iran. This researwas
investigated in the Marivan region, northern Zagfogest, and western Iranian state of Kurdistanthis study
120 circle sample plots (500%nwere collected by random method in different as@ad altitude. In every
sample plot the kind of species and number of ta@elsshrub were recorded. In the sample plots treeanplots

of 5 m by 5 m (i.e. area of 25°nwere designed and Herbaceous and shrub informatias recorded then.
Aspect, slope and altitude divided the four, thaed three classes. Species diversity indexes imgushannon
Wiener (H), Simpson (1-D) and Margaleff {Rwere used to evaluate plant diversity in each ganplot. The
means of different between diversity indexes irapect, slop and altitude class were estimateAM@VA and
DUNCAN test. Data analyzing was done by Past armldgical Methodological software’s. Results shovteel
tree, shrub and herbaceous species belonged tar@ibids and 80 species were identified in the strda. That
Rosaceae and Fagaceae families have the highesberuwf woody species. Moreover, Compositae and
Gramineae families were most abundant amongst ltedogs speciesThe increasing of altitude decreased
species diversity. A significant different was obed for diversity index in aspect, slope and atté classes.
Therefore, in order by increasing of altitude tHart diversity decreased, higher of plant diversibserved in the
northern aspect, 0— 30 percentage slope and 140800 meter a.s.l. classes.

Kay words: altitude, aspect, physiographical factors, Slepecies diversity, Zagros Forest

INTRODUCTION

With due attention to climate conditions of Iramtt$5% area includes arid and semi-aired and deaticedrapid
of north and west, because of degradation of nlatesmurces will cause to degradation agricultleads and
human environmental [5]. Forests cover about 1#aniha in Iran [8], including 5 million ha in theountainous
Zagros region. This forest extends from Turkey #&rad] into Northeastern and Southeastern Iran (batwe
Azerbaijan and Fars Province). Zagros is typicalyaracterized by a semi-humid climate with extrgnuald
winters and annual precipitation exceeding 800 rihe main species in this region a@eiercusspp. (oaks),
Pistacia mutica(wild pistachio),Crategusspp. andPyrusspp [9]. The Zogros Mountains are divided into two
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parts: northern and southern. The northern Zagrasisisted of the growing site Quercus infectorigliv. And
alsoQ.libani Oliv. And Q.persical. & Sp. Q.brantii Lindl.) species are found in this part. Howeveg flouthern
Zagros is include®.persicasite which it extended to Fars province (i.e., 29N). The northern Zagros is wetter
and cooler than the southern one [19]. Physiograighabbreviation of Physical Geography, meansasarhapes
of a region [15]. That has many effects on planediity and their variance [4]. Different reseastave
considered the biodiversity through consideringptoysiographic [3 and 20], or each one of physiogi@p
different factors in separate aspect such as héight the sea surface [22], slope or direction @nbining two
slop and direction factors [21]. The study of plditersity in the zagros forest showed in the nemhZagros
Mountains since there is 165 woody species (trelesanub) in Zagros and 182 bush and herbaceougespmdy
in northern Zagros [12]. Investigated of biodiversn relation to physiographical factors in mountéorest in
Iran and results showed that species diversity thhasgreatest at north aspect and slopes less fanhas the
most amounts. Factor of altitude from the sea lel@Inot have meaningful relation with species diitg [10].
Study of the biodiversity of Vegetation SpeciesRelation to Environmental Factors in Different Astseof
Zagros forest and Results showed that by increabia@ltitude, the species diversity and richnessircreased
[14]. study on the herb Layer biodiversity in r&dat to physiographical factors in south of Zagraseft
ecosystem and results showed that low altitudess 1800>, south aspect and less 30 percentagenfauimum
the plant diversity [11]. The research investigab@ the Impact of physiographic and human factersrown
cover and diversity of woody species in the Zadmests (Kermanshah province) and Results showadhbij
increasing the altitude, the species diversity icithess are increased. Results showed that indttbern slopes
and 25-60 percent slop category, the crown covdrspecies diversity were maximum [16]. Study o&tienship
between plant diversity and physiographic factar$shalarang protected area and results showechtndiern
aspect have higher plant diversity and while 49r8eshrubs, one bush and 78 herbaceous speciesdeaetified
in llam forests of Zagros [18]. Study of floristémd plant species diversity of the Lebanon oak (§teercus
libani) in the western Iran and results showed iiean diversities were found the highest in northamnad
northwestern and lowest in northeastern aspedtanshrub layer. Moreover, Mean richness and ditersere
found the highest in 1500 m a.s.l. and lowest i50l@nd 1800 m a.s.l. in the tree and shrub lajéesn richness
and diversity were found the highest in 1500 ml.aasd lowest in 1750 m a.s.l. in the regeneratiyrer. Also,
the mean diversities were found the highest inaglem 1700 m a.s.l. and lowest in elevation 1808.g1l. in the
herbaceous layer [19]. The aim of this study waslétermine effect of physiographical factors on phent
species diversity in the Marivan region, KurdisBmavince, Northern Zagros Forest west of Iran.

MATERIALSAND METHODS

Zasoros forests

Komarlang district (Studv site) o i

E 46 16,N 35 30’ - | L
o Sanand)
Marivan city ‘ 8
R
100 50 0 10 km

Figure 1. Study sitelocation in the Kurdistan Province, Zagrosregion, Western Iranian state of Iran
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Site description

Iranian habitats support about 8000 species ofdtavg plants (i.e. belonging to 167 families an@dgenera), of
which almost 1700 are endemic [6]. The Zagros Maimst are divided into two parts of northern andtisemn.
The northern Zagros is consisted of the growing sftQuercus infectoriaDliv and somewha®.libani Oliv and
Q.persical. & Sp. Q.brantii Lindl.) can be observed. The northern Zagros igewetnd cooler than the southern
one (12).This research was investigated in the Ktamg district, Marivan region, northern Zagrosefst, and
western Iranian state of Kurdistan (Figure 1). Kdarag village is located in north of Marivan citpchthe 200
hectare of conventional territory of this villagesvselected. The forests are located between 10220 m
a.s.l. Mean annual precipitation is 909.5 mm, ragdiom 590.8 to 1422.2 mm, Mean annual temperasut8.3°
C, and the length of dry season is 4 month (basezhtbrothermic curve) from June to August. Typelishate is
sub humid with cold winters in the basis of Embegformula [19].

In this study 120 circle sample plots (506) mvere collected by random method. In every sarpfiethe kind of
species and number of trees and shrub were recdrdéte sample plots the micro plots of 5 m by %im. area

of 25 nf) were designed and Herbaceous and shrub informatas recorded then. Slope of the region was
divided into three class: gently sloping (less ti38f0), average sloping (30-50%) and high sloppmgré than
50%), and the altitude was divided into tree classssl: less 1400; class 2: 1400 — 1800 and 8las®re 1800
meter) and geographical aspect was divided intorthi@ directions (North, East, South and West a}p8pecies
diversity indexes including Shannon Wiener)(Ksimpson (1-D) and Margaleff (R1) were used taleate plant
diversity in each sample plot. The means of difieteetween diversity indexes in the aspect, slaptagh level
sea class were estimated by Anova and Duncan Besth analyzing was done by Past and Ecological
Methodological software’s.

Table 1: Biodiversity Indicesused in this paper

Indices References Equation
Shannors (H) [17] 5
H = Z pi In{pi)
i=1
Si 1-D 17 z
impson (1-D) [17] 1-0=Y e
Margaleff (R) [7] " 5—-1
“La(N)

"S and pi refer to total number of species in thapsla and proportion of individuals in the speciespectively.
RESULTS

Calculation and comparison of different indicesdofersity, as a favorite method is considered findg on

biodiversity [2]. The assessment of biodiversityfanest has become an important issue for studgousystems

and their conservation [1].

Table 2. List of plant species (Tree, Shrub and Herbaceous) in the studied areas

Species and families

Vegetation
layer

Quercus libaniOliv. (Fagaceae)Quercus infectoria Oliv.Hagaceae)Quercus BrantiiLindl. (Fagaceae),
Tree Acer Monspessulanurh. Subsp. cinerascens (Boisspcéraceae),Pistacia atlantica SubspKurdica
(Anacardiaceaepmygdalus Communis (Rosaceae) rataegus sp.Rosaceae).

Lonicera nummularifoliaJaub & spaclf Caprifoliaceae)Cotoneaster nummulariusFisch & Mey .(
Shrub | Rosaceae)Pyrus communisL. ( Rosaceae)Daphne mucronataRoyle (Thymelaceae)Fraxinus
rotundifolia Miller. (Oleaceae),Sorbus graecaSpach. (RosaceaRhus coriaria L. (Anacardiaceae),
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Juniperus sp(Cupressaceadlerasus mahalah. (Rosaceae).

Achillea millefoliumL. (Compositae),Adonis sp.(Compositae),Aegilops sp (Gramineae)Agropyrum
cristatum L.(Gramineae), Alcea sp(Malvaceae), Papaver orientaligfPapaveraceae),Anemon sp.
(Ranunculaceae)icia variabilis. (Pappilionaceae)anthemis tinctoriaL. (Compositae) Arum elongatum
Stev.(Araceae)lactuca serriola.(Compositae)Astragalus sp (Pappilionaceae)ivena sp(Gramineae),
Trifolium repens. RappilionaceaeBoissiera sp.Crucifereae)Bromus tectorum LGramineae)Bellevalia
pycantha.(Liliaceae),Carex sp( Cyperaceae);apsella draba.. (Crucifereae)Alyssum sg§Crucifereae),
Eryngium billardieri F. (Umbelliferae), Campanula sg Campanulaceae)Hordeom violaceum.(
Herb Gramineae)Centaurea spp.Jompositae)Malva neglectaNallr.( Malvaceae), Rumex spRplygonaceae),
Salvia sp. l[(abiateae),Convolvolus arvenisd. ( Convolvulaceae)Crepis sp.(Compositae),Dactylis
glomerataL.( Gramineae)Geranium tuberosunk. (Graninaceae)Erodium sp.(Graninaceae)Ferula
spp(Umbelliferae),Fibigia Medicus. Cruciferae) Crepis sanctus.Gompositae)Salvia indica. (abiateae),
Roemeria Medic.Rapaveraceaegcabiosa spp(Dipsacaceous)ieilanthemum ledifoliunk. (Cistaceae),
Rosa canina.(Rosacea) Smyrniopsis aucheri(lUmbelliferae), Hypericum sp.(Hypericaceae), Lamium
album L. (Labiateae),Lathyrus sp.(Pappilionaceae)Medicago spp (Pappilionaceae)Taeniatherum
crinitum. (Gramineae),Poa spp.(Gramineae),Polygonum sg Polygonaceae)Stipa sp.(Gramineae),
Ziziphora tenuirL.(Gramineae) Vaccaria sp(Caryophyllaceae)Trifolium purpureum (Pappilionaceae),
Taraxacum sp(Compositae) Gundelia tournefortii.(Compositae),Lotus sp.(Pappilionaceae)Fumaria
asepala. (Fumariaceae),Trapogon sp.(Compositae),Teucrium spLabiateae) Phlomis splLabiateae),
Onobrychis cornutal.(Pappilionaceae), Hibiscus spgMalvaceae),Cuscuta spgCuscutaceae)Allium
sp(Liliaceae) andBellis sp.(Compositae).

The Tree species identified in the region studieldiged to seven tree species in the four Familethis forest
have 80 plant species, which consist of 7 tresfir@bs and 64 herbaceous species. (Table 2).

Campanulaceae |
Caprifoliaceae
Carvophyllaceae |
Cistaceas |
Convolvulaceae
Crciferae |
Cupressaceae
Cuscutaceae |
Cyperaceae |
Dipsacaceae
Fumariaceae |
Hypericaceas |
Oleaceae |
Papaveraceae |
Anacardiaceae
Araceae
Graninaceae
Liliaceae
Polvgonaceae
Fagaceae

Family name

Crucifereae
Malvaceae
Umbelliferae
L abiateae
F.osaceae
Pappilionaceae
Gramineae
Compositeas

o 2 4 5 8 10 12
MNumber of species

Figure 2. The number of plant speciesin the plant family in the study area
The tree, shrub and herbaceous species belonge@l flamilies and 80 species were identified in th&lyg area
(Table 2). thus for the classes of Compositaenf3reae, Pappilionaceae, Rosacae and Labiateaenelewne,

eight, seven and seven species were existed arddr@est number of species, respectively (Figire 3
Plant species diversity of three growth layers wlatsined in terms of different aspects.
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Mean of index

North Eest South West North Eest South West
Aspect class Aspect class

Mean of index

0-30 30-50 50=

North Eest South West
6] Slope class (%0)

(e) Aspect class

L
ir

Mean of index

o
in

=]

0-30 30-50 S 0-30 30-50

Slope class (%) Slope class (%)

# Shannon (H) @ Simpson (1-D) # Margalcff (R)

Figure 3. Mean diversity index in the: (a) Tree, (b) Shrub, (c) herbaceous, (d) Tree, (€) Shrub and (f)
herbaceous layer of the aspect and slope class.

The mean diversities were highest in northern amweest in western aspects in the tree, shrub arlgabeous
layer. The ANOVA test indicated that there werengligant differences mean Shannon (H) and MarggJeif
index in the aspects class&s>0.05) (table 3). The mean diversities were highre® — 30 percentage and lowest
in more 50 percentage in the tree, shrub and hedomclayer. The ANOVA test indicated that there ever
significant differences mean Shannon (H) and Ma&f§4R) index in the slope classe? $ 0.05) (table 3), but
Simpson index no significant differences mearhglopes and aspects classes.
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1
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less 1400 1400-1800 more 1800
High Level Sea class (meter)

Figure4. Mean diversity index in the: (a) Tree, (b) Shrub and (c) herbaceouslayer of the High Level Sea class.

Table 3.The results ANOVA analysisto comper e the mean plant diversity index in aspect, slope and High
Level Sea classes.

physiographical vegetation Diversity index DF Mean F Sig.
factors layer Squarn
Shannon (H) 3 0.341 10.341 0.000
Tree layer Simpson (-D) 3 0.04: 2.90¢ 0.064™
Margaleff (R) 3 0.435 13.672 0.000
Shannon (F 3 0.42] 13.06: 0.00C"
Aspect class shrub layer Simpson (1-D) 3 0.0231 3.008 094
Margaleff (R) 3 0.532 15.913 0.000
Shannon (F 3 1.45] 11.07: 0.00C"
herbaceous Simpson (1-D) 3 0.32 2.561 0.076
layer Margaleff (Fy) 3 2.014 14.67: 0.00C"
Shannon (H) 2 0.463 11.045 0.000
Tree layer Simpson (1-D) 2 0.0243 3.324 0.049
Margaleff (Fy) 2 0.83¢ 10.34: 0.00C"
Shannon (H) 2 0.480 8.351 0.000
Slop class shrub layer Simpson (-D) 2 0.045¢ 2.05¢ 0.067"
Margaleff (R) 2 0.934 7.538 0.000
Shannon (F 2 1.26¢ 15.69: 0.00C"
herbaceous Simpson (-D) 2 0.3¢ 3.6% 0.067*
layer Margaleff (R) 2 2.153 13.241 0.000
Shannon (F 2 0.54¢ 10.08¢ 0.00C"
Tree layer Simpson (1-D) 2 0.0453 2.435 0.076
Margaleff (F,) 2 0.63¢ 9.987 0.00C"
Shannon (H 2 0.401 9.72¢ 0.00C"
High Level Sea | shrub layer Simpson (1-D) 2 0.035 3.103 0%
class Margaleff (Fy) 2 0.38¢ 8.05¢ 0.00C"
Shannon (H) 2 1.465 18.874 0.000
herbaceous Simpson (-D) 2 0.3¢ 3.14: 0.051™
layer Margaleff (R) 2 2.013 16.873 0.000

* Different letters indicate significant differerce 5% level, ** Different letters indicate sigicént differences in 1% level.
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The mean diversities were highest in 1400 to 18C&nohlowest in more 1800 meter High Level Sea dlaske
tree, shrub and herbaceous layer. The ANOVA telitated that there were significant differences m@aannon
(H) and Margaleff (R) index in the High Level Sdasses P > 0.05) (table 3), but Simpson (1-D) index no
significant differences mean in the High Level 8kmsses.

Result table 3 indicated the differences betweeam&hannon (H) and Margaleff R diversity indexes in the
aspect, slope and High Level Sea classes werststallly significant and differences between mean@Son (1-
D) diversity index in the aspect, slope and High LeSeh classes not statistically significant.

DISCUSSION

Biodiversity measurement is recognized as guiddénceonservation plans in local scale. Speciesiberdity is
used greatly in vegetation studies, and environateevaluation is one of the main criteria to defaen
ecosystems condition [13]. All three calculatedided in this study have been mentioned as the apysicable
indices (2 and 15 total of 80 plant species were found in the stddarea, of which 16 woody species (7 trees,
9 shrubs) and 63 herbaceous species existed (Tpllkile 4 trees, 3 shrubs, one bush and 78 heobacgpecies
were identified in llam forests of Zagros (Pourbsibet al. 2010). Therefore, it is concluded thattrichness is
high in the studied area. Also, it can be deducethfTable 2 that Rosaceae and Fagaceae familigsapla
important role in among woody species. Moreoverm@ositae and Gramineae families were most abundant
amongst herbaceous speciResults showed in this study area Compositae famailse higher number of species
in the study area (Figure 2). The mean diversititese highest in northern and lowest in western @spe the
tree, shrub and herbaceous layer. The ANOVA telitated that there were significant differences m@aannon
(H) and Margaleff (R) index in the aspects clagges 0.05) (table 3). These results were confirmedHbghemi
and Babaei Kafaki, 2009 [10], Parma and Shataegbadoil 2010 [16], Pourbabaei et al, 2010 [18] andrBabaei
and Navgran, 2011 [19]. The mean diversities wéghdst in 0 — 30 percentage and lowest in morees6gmtage

in the tree, shrub and herbaceous layer. The AN®@AA indicated that there were significant diffexesn mean
Shannon (H) and Margaleff (R) index in the slopesses® > 0.05) (table 3), but Simpson index no significant
differences mean in the slopes and aspects claBsese results were confirmed by Hashemi and Babatfaiki,
2009 [10] and Heidari et al, 2010 [11] but, not &webe confirmed with gained results of Parma ahdt&e
Jouybari, 2010 [16].The highest mean of diversitiese found the elevation 1400 to 1800 m a.s.lthedowest

in elevation more 1800 m a.s.| in the of tree, bhand herb layer (Figure 10). There were significifierences
among mean diversity indexes (i.e., Shannon (H) Madgaleff (R)) measures in the different elevasidqh >
0.05). These results not are to be confirmed wétimed results of Zagros forests in Kermanshah poev{Parma
and Shataee Jouybari, 2010). These results are toifirmed with gained results Heidari et al, 2010] and
Pourbabaei and Navgran, 2011[19] but, not are tododirmed with gained result Parma and Shataeghdoi)
2010 [19]. Result indicated the differences betweean Shannon (H) and MargaleffRiversity indexes in the
aspect, slope and altitude classes were statlgtisagnificant and differences between mean SimpgbiD)
diversity index in the aspect, slope and altitudsses not statistically significant.

CONCLUSION

The increasing of altitude decreased species diyers significant different was observed for digéy index in
aspect, slope and altitude classes. Thereforedier dy increasing of altitude the plant diversigcreased, higher
of plant diversity (tree, shrub and herbaceousgniesl in the northern aspect, 0 — 30 percentagee siad 1400
to 1800 meter a.s.l. classes.
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