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This study was conducted to investigate the effect of fragmentation of forest areas due to
land-use change to rainfed agriculture on floristic composition, life forms, and
geographical distribution of plant species in the Zagros forests. In this study, vegetation
sampling was carried out in the core and edge of small patches (1-3 ha) and large patches
(8-12 ha), as well as in agricultural lands (rainfed wheat cultivation) and continuous forest
(approximately 150 ha) as a reference. The results showed that a total of 60 plant species
belonging to 19 families occur in the region. The highest richness was recorded in the
reference forest (42 species) and the lowest in the agricultural field (19 species). In other
positions, including large patch core, large patch edge, small patch core, and small patch
edge, 32, 30, 30, and 28 species were recorded, respectively. The family Asteraceae had
the highest number of species in most positions, and the family Fabaceae was dominant in
the reference forest and large patch core with 8 species. Regarding life forms, therophytes
were dominant in all positions. The highest diversity of life forms was observed in the
reference forest and the lowest in the agricultural field. In terms of chorotypes, Irano-
Turanian-Mediterranean and Irano-Turanian elements were dominant in all positions.
Comparison of floristic composition between the reference forest and the core and edge of
large and small patches revealed that in both patch sizes, the core areas showed greater
similarity to the reference forest than the edges (large patch core-reference forest: 19
shared species; small patch core—reference forest: 4 shared species). The results indicated
that fragmentation and land-use change caused a reduction in species richness and
consequently a decrease in ecological sustainability in the Zagros forests. Therefore,
conservation of large forest patches, prevention of small patch development, and
restoration of degraded habitats through conservation agriculture and connecting small
fragments to reduce edge effects can play an essential role in maintaining biodiversity,
stability, and ecological restoration of the Zagros forests.
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Introduction

Forest ecosystems provide essential services including soil conservation, water regulation, and
biodiversity support. However, anthropogenic activities such as land-use change, overexploitation, and
overgrazing have significantly altered vegetation structure and reduced biodiversity. Forest
fragmentation, driven primarily by agricultural expansion, represents a major threat to ecosystem
sustainability. In human-dominated landscapes, forests are increasingly converted to agriculture,
creating mosaics of remnant patches and farmlands that directly influence plant species diversity and
composition. The Zagros forests, extending over 5 million hectares from West Azarbaijan to Fars
provinces, represent one of Iran's most important forest ecosystems. These oak-dominated forests
(Quercus spp.) provide vital environmental services; however, unsustainable exploitation and land-use
changes have substantially reduced forest cover and increased fragmentation. Previous studies
documented extensive forest conversion to agriculture and altered floristic composition, while
demonstrating that fragmentation and edge effects significantly influence plant species richness in this
ecosystem. Given the critical role of vegetation in ecosystem sustainability and the scarcity of
specialized research, this study investigated the effects of forest fragmentation on floristic
characteristics in Zagros forests. We compared floristic features of core and edge areas of different-
sized patches resulting from oak forest conversion, addressing three key questions: (1) Do patch size
and position affect the frequency distribution of plant life forms? (2) Does fragmentation alter
phytogeographical distribution patterns? (3) Does floristic similarity between reference forest and
patch cores exceed that of edges?

Material and Methods

The study area is located on the border of Sirvan and Chardavol counties in Ilam Province, western
Iran. Historically, the area was covered by continuous oak forest; however, land-use change to rainfed
agriculture has resulted in scattered forest patches of varying sizes. Vegetation sampling was
conducted during the peak vegetative period (mid-May to late June). Forest patches were categorized
into two size classes: small patches (1-3 ha) and large patches (8-12 ha), selected under similar
physiographic conditions (flat terrain or slopes <15%, average elevation of 1250 m a.s.l.). For each
size class, three patches were randomly selected. Four random sampling points were established in
both the core and edge zones of each patch. Sampling was also conducted in three homogeneous
agricultural fields (rainfed wheat) and a continuous forest stand (~150 ha) serving as a reference. At
each sampling point, a 400 m2 (20 x 20 m) main plot was established to record tree and shrub species,
along with two 1 m?2 subplots randomly placed within it for herbaceous species. Plant species
identification followed available regional floras and taxonomic keys. Life forms were determined
according to Raunkiaer's classification system. Phytogeographical distribution (chorotypes) was
determined following the systems of Zohary, Takhtajan, and Leonard. Family and genus classification
followed the APG system, with scientific names validated using the POWO database. Venn diagrams
were generated using R software to examine species composition among the studied positions.

Results

The study recorded a total of 60 plant species belonging to 19 families across all studied positions. The
reference forest exhibited the highest species richness (42 species), followed by large patch core (32
species), large patch edge (30 species), small patch core (30 species), small patch edge (28 species),
and agricultural fields (19 species). The Asteraceae family dominated in agriculture (9 species), small
patch core (12 species), small patch edge (12 species), and large patch edge (12 species), while
Fabaceae dominated in large patch core (8 species) and reference forest (8 species). These two
families consistently showed the highest species representation across most positions. Therophytes
were the dominant biological spectrum across all positions (46.6%), followed by hemicryptophytes
(15.53%). The highest biological spectrum diversity was observed in the reference forest, followed by
large patch core, with agricultural fields showing lowest biological spectrum. Geophytes were
exclusively recorded in the reference forest. Annual and perennial forbs dominated growth forms
across all positions. Agricultural fields were restricted to annual and perennial forbs and annual
grasses. Phytogeographical analysis (chorotypes) indicated that Irano-Turanian-Mediterranean and
Irano-Turanian elements dominated across all positions. The reference forest and large patch core
showed the highest similarity in chorotype composition. Irano-Turanian-Mediterranean-Saharo-
Sindian and exclusively Mediterranean elements were observed only in these two positions. Venn
diagram analysis revealed that in both patch sizes, the core areas showed greater similarity to the
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reference forest than the edges (large patch core—reference forest: 19 shared species; small patch core—
reference forest: 4 shared species).

Discussion and Conclusion

The dominance of Asteraceae across most positions and Fabaceae in less disturbed habitats aligns with
previous Zagros studies. Asteraceae species exhibit broad tolerance and adaptability to water stress,
while their reduced representation in large patch core and reference forest likely reflects their
heliophilous nature. The predominance of therophytes (46.6%) followed by hemicryptophytes
(15.53%) reflects adaptation to dry Mediterranean climate conditions. Increased therophyte
representation with habitat degradation aligns with previous findings. Therophytes survive
unfavorable conditions through avoidance mechanisms such as seed dormancy, while
hemicryptophytes survive through vegetative buds positioned near the soil surface. Human-induced
disturbances manifest as vegetation changes, including increased therophyte representation. Our
findings demonstrate elimination of other life forms, particularly in agricultural fields, indicating
community simplification and synanthropization, ultimately reducing ecosystem function and
ecological sustainability. The presence of all growth forms in reference forest and large patch core
indicates high ecological stability, niche diversity, and structural complexity in these habitats.
Reduced disturbance, maintained canopy cover, and complete nutrient cycling facilitate coexistence of
various growth forms. The predominance of Irano-Turanian-Mediterranean and Irano-Turanian
chorotypes reflects the pivotal role of the Irano-Turanian region in Iranian vegetation structure. In
conclusion, forest fragmentation and land-use change significantly reduced species richness and
ecological sustainability in Zagros forests. The dominance of therophytes and hemicryptophytes with
elimination of other life forms indicates gradual vegetation transition toward short-lived species due to
land-use change. Conversely, diverse life forms in forests and large patch cores indicate greater
stability and higher ecological functionality. Conservation and restoration of forests, preservation of
large patches, prevention of small patch development, and long-term restoration of degraded habitats
through conservation agriculture and connecting small fragments to reduce edge effects can play an
essential role in maintaining biodiversity, stability, and ecological restoration of Zagros forests.
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Figure 6. Venn diagram of plant species composition among the studied positions including the core and
edge of small patches, forest, and agriculture. Numbers indicate shared and unique species, with
percentages given in parentheses. AGR, SPC, SPE, and FOR denote Agriculture, Small patch core, Small
patch edge, and Reference forest, respectively.
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Table 1. Floristic list of the study area
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* - * - - IT,M Th A-Forb 38 ol Asteraceae Crupina crupinastrum (Moris) Vis.
38 digly L
* - * - - IT,M Th A-Forb m Asteraceae Anthemis altissima L.
- * * * * IT-ES He P-Forb 4y )l Asteraceae Onopordum acanthium L.
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- * - - M Th A-Forb - Asteraceae Filago pyramidata L.
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c e Centaurea virgata Lam. Subsp.
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IT He P-Forb pus 5 Asteraceae Squarrosa (Willd.) Gugler
* * * * - IT He P-Forb b Asteraceae Echinops mosulensis Rech. F.
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- - - - - | ES,IT | Th | AForb | “F9% | Asteraceae Crepis alpina L.
SpunsS
- * * * - IT He P-Forb _ Asteraceae Echinops pachyphyllus Rech.f.
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Cymbolaena griffithii (A.Gray)
* * * * * - -
IT,M Th A-Forb Asteraceae Wagenitz
- * * * * IT,M He P-Forb - Asteraceae Gundelia tournefortii L.
Jgere
Sy
- * - * * IT,M Th A-Forb Asteraceae Zoegea leptaurea L.
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- * * * * IT Th A-Forb " Asteraceae Calendula persica C.A.Mey
Sy
* * * * * IT,M Th A-Forb S35 6 Asteraceae Picnomon acarna (L.) Cass.
- * * * * IT,M He P-Forb e S Asteraceae Tragopogon longirostris Bisch.
oS . .
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- - - - - IT,M He P-Forb LS’ Apiaceae Ferula haussknechtii Wolff ex Rech.f.
- - - - - ITI’EéVI ' Ge P-Forb S 4w | Berberidaceae Bongardia chrysogonum (L.) Spach
* - - - - IT Th A-Forb Gl Brassicaceae Zuvanda crenulata (DC.) Askerova
i
- * * * * IT,M Th A-Forb © _ Cistaceae Helianthemum salicifolium (L.) Miller
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- - - - - IT Cr P-Forb oy J5 | Colchicaceae Colchicum kotschyi Boiss.
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* * * * - IT,M Th A-Forb ' Fabaceae Onobrychis crista-galli (L.) Lam
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* * - - - M Th A-Forb (Sded yhud Fabaceae Trifolium tomentosum L.
* - * - - IT Th A-Forb ET R Fabaceae Trifolium pilulare Boiss.
oo - —
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L Trifolium purpureum Loisel. var.
* * - - - - A
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* * * * * IT! M! sy i 1ai
Th A-Forb . Fabaceae Medicago rigidula (L.) All
ES Cow
* * * * - IT Ph Tree boly Fagaceae Quercus brantii Lindl.
SISy ) ) ) )
* * - - - COSM | Th A-Forb o Geraniaceae Erodium cicutarium (L.) & Hér
).
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* * - * - ES,M | Th A-Forb ol Geraniaceae Geranium lucidum L.
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- * * * * IT,M Th | A-Grass o Poaceae Avena wiestii steud.
e
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* * * * * IT Th | A-Grass 5 Poaceae Aegilops umbellulata Zhuk.
* * * * - ES-M Th A-Grass e Poaceae Bromus sterilis L.
156 Sody '
* * * * * ES-M Th A-Grass pl il Poaceae Bromus tectorum L
* * * * - ITI’EéVI’ Cr P-Grass ik o> Poaceae Hordeum bulbosum L.
o Lall tia iberica (St Fisch. &
- - * * * IT,M Th A-Forb syb Lamiaceae allemantia iberica (Stev.) Fisch.
C.A. Mey.
sl
* * - - - IT He P-Forb _;s s Lamiaceae Salvia virgata Jacq
D
* - - - - IT,M He P-Forb Dﬁ T»I;f Lamiaceae Phlomis persica Boiss.
Sr
* - * * * IT He P-Forb adls Lamiaceae Phlomis olivieri Benth.
Gl b . . .
* * - - - IT He P-Forb ) Lamiaceae Stachys benthamiana Boiss.
dl 0 o
* - - - - IT Ge P-Forb o] Y Liliaceae Tulipa systola Stapf
* - - - - M, IT Ge P-Forb o Asparagaceae Muscari tenuiflorum Tausch
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- - * * - IT He P-Forb o Malvaceae Alcea kurdica (Schltdl.) Alef.
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} ) * * * * Cosm He P-Forb > L ’ Plantaglnacea Plantago lanceolata L.
gloj
* * - * - - IT,M Th A-Forb | Jo)ls Fabaceae Trifolium ainatum M.Bieb
* * . - - - IT’SgA’ Th A-Forb oo o Rubiaceae Callipeltis cucullaris (L.) DC.
* * - - - - COSM | Th A-Forb thow Rubiaceae Galium aparine L.
* * - - - - IT,M Th A-Forb 'J'M)w)w Rubiaceae Galium setaceum L.
J
s sl i
. . i i i i .M Ph Shrub b gl Rosaceae Cerasus mlcho?é:\rpa (C.A.Mey.)
9 .Koch
* * - - - - IT Ph Shrub Sl Rosaceae Crataegus pontica K. Koch
* - - - - - IT He P-Forb < Scroper;lélanac Linaria fastigiata Chav.
* * * * * - IT,M Th A-Forb B ) Apiaceae Torilis leptophylla (L.) Reichenb.
SpSib
* - - - - - IT,M Th A-Forb aday Violaceae Viola modesta Fenzl.

Chorotypes: Cosmopolitan (COSM), Euro-Siberian (ES), Irano-Turanian (IT), Mediterranean (M), Sahara-Sindian (SS); Biological
spectrum (Life forms): Therophyte (Th), Hemicryptophyte (He), Geophyte (Ge), Cryptophyte (Cr), Chamaephyte (Ch) and
Phanerophyte (Ph); Growth forms: Tree, Shrub, Perennial grass (P-Grass), Annual grass (A-Grass), Annual forb (A-Forb) and
Perennial forb (P-Forb).




