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Abstract

The study encompassed multiple forests within a 24,000-ha area in Ardal and Kiar counties, Chaharmahal and
Bakhtiari province, Iran. It involved the analysis of tree and stand indices to assess the spatial characteristics
of the forests along topographic gradients. The findings indicated that the forest stands exhibited irregular and
heterogeneous patterns at the plot level, particularly in terms of diameter, height and uniformity indices.
However, the density and tree species composition were consistent across all forest stands. The influence of
slope on tree- and stand-based indices was generally not statistically significant, except for the height diversity
index, which displayed higher values in forests situated on steep slopes. Changes in the geographic aspect and
altitude did not exert significant effects on tree and forest indices, except for the tree diameter diversity index,
which exhibited variations with altitude. The dominant tree species observed in all forests was Quercus brantii,
followed by Pistacia atlantica. The presence of certain species was influenced by topographical factors, such
as Daphne mucronata being exclusive to southern slopes and plains, Fraxinus angustifolia being limited to
lower altitudes, and wild almond species being restricted to specific altitude ranges. Statistical analysis
revealed no significant variation in plant species distribution across the topographical factors. Notably, families
including Asteraceae, Poaceae, and Fabaceae exhibited the highest species counts within the entire study area.
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Introduction

The Zagros Forest region is a critical natural resource area in Iran, covering a significant portion of the
country's land surface and accommodating a substantial population. Spanning approximately 2.5 million
hectares, these forests are inhabited by over 190 tree and shrub species. Apart from their socio-economic
importance, they play a vital role in preserving water resources, conserving soil, regulating climate, and
conserving genetic diversity (Khosravi et al., 2014; Jafari et al., 2018). However, the biodiversity of the Zagros
forests has historically been at risk due to decentralized management, conflicting land ownership, and diverse
land use practices.

Understanding the composition of plant species and the structure of forest stands is crucial for comprehending
growth, performance, and ecological processes in these ecosystems. While the establishment and composition
of plant species in these forests are primarily controlled by macro-scale climate factors, local-scale factors also
come into play. Topography, particularly in areas with significant elevation changes, plays a pivotal role in
influencing moisture availability for plant communities. Southern slopes in the northern hemisphere receive
more solar radiation, resulting in higher temperatures, increased potential evaporation, and energy allocation
to forested areas. Conversely, changes in geographic direction can moderate the impacts of climate change.
Higher elevations cause steeper slopes, shallower soil depths, and stronger wind currents, leading to
temperature reduction. This intricate interplay of factors underscores the essential role of topographic features
in determining the establishment and composition of plant species in forest ecosystems.

Given the growing demand for spatial forest structure data and a comprehensive understanding of management
practices, including forestry and harvesting, investigating species composition and spatial structure becomes
crucial. Such studies are necessary for assessing the influence of topographic factors on forest ecosystems and
informing management practices. While previous studies have explored various aspects of species composition
and stand structure in forest ecosystems, including their relationship with different environmental factors, this
research distinguishes itself by examining the simultaneous influence of topographic factors.

Material and Methods

Study Area

The study area encompasses a vast geographical region covering approximately 24,000 hectares. It is located
within the Ardell County and a portion of the Kiarr County, situated between geographical latitudes ranging
from 47°31' to 58°31' North and longitudes ranging from 28°50' to 40°50' East. The elevation in this region
varies between 1400 to 2950 meters above sea level. The average annual precipitation in this area falls within
the range of 400 to 800 millimeters.

Data Collection

Eleven forest stands, each characterized by diverse plant cover and varying topographical conditions, were
identified based on forest reconnaissance and an examination of maps and archival documents. These forest
stands were situated at elevations ranging from 1800 to 2200 meters above sea level.

One-hectare sample squares were selected using systematic random sampling for each forest stand. The sample
square centers were determined by establishing a strip covering up to one-fourth of the stand's area at the
highest elevation, selecting a random point within the strip, and laying out six to nine sample squares from that
point to the stand's boundary. One square meter quadrats were placed systematically within each sample square
to identify non-woody plants at the family level. Topographical characteristics and measurements of trees,
shrubs, and plant size were recorded using calipers, a clinometer, and centimeter accuracy. Trees were
classified into one or more strata based on crown height, with a minimum of 20% crown overlap, resulting in
multiple strata per tree. Quantitative diversity indices, such as diameter diversity, height diversity, uniformity
angle index, and species diversity index, were used to assess structural diversity.

Analysis

Initially, we examined whether there were differences in the measured indices among forest stands,
disregarding topographical factors. One-way analysis of variance was used for this analysis. If no statistically
significant differences were found, it was concluded that the sample squares were homogeneous, regardless of
topographical variation. In such cases, the focus of the study shifted accordingly. However, if significant
differences were observed, the forest stand factor was treated as a random variable, and the effect of
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topographical factors (considered as fixed variables) on the indices was evaluated using a general linear model.
An acceptable error rate of 5% was used for this analysis. In instances of significant differences, comparisons
between means were conducted using the Tukey test with the assistance of Minitab software.

Results

The vegetation in the study area exhibited high irregularity and non-uniformity, with significant variations
observed in diameter diversity, height diversity, uniform angle index, and species mixture. Sample plots with
single-stem trees tended to contain mature trees, while those with more than 10 stems had younger trees.
Among the twelve measured indices, only tree density and species mixture showed consistency across forest
stands, indicating uniform variations not attributable to topographic factors. Consequently, these two indices
were not further considered in topographic factor comparisons.

Analysis of variance on slope percentage indicated that, except for the height diversity index, other tree and
forest indices remained statistically consistent across slope variations. Maximum uniformity was observed in
average tree diameter and percentage of ground cover. Tukey's test revealed that the height diversity index was
significantly higher in forests on very steep slopes (>65%). Aspect direction changes did not significantly
affect tree and forest indices, with the highest uniformity observed in the percentage of ground cover.
Elevation above sea level had a limited impact on tree and forest indices, except for the tree diameter diversity
index, which was significantly higher at elevations between 2100-2200 meters. No significant differences were
observed among other elevation classes.

In terms of woody plant species diversity, Iranian oak (Quercus brantii Lindl.) dominated the studied forests,
followed by several other species. Notably, non-woody plant species did not exhibit significant differences
across topographic factors, with Asteraceae, Poaceae, Fabaceae, and Apiaceae being the prominent plant
families represented.

Discussion

The forest stands in this study displayed substantial irregularity and heterogeneity, indicative of the
considerable human impact and diverse stressors on these ecosystems. While other research in the central
Zagros forests reveals similar patterns, these forests have experienced notable threats like tree cutting,
overgrazing, and shifting cultivation, leading to changes in species composition and forest structure (Jazirehi
& Ebrahimi Rostaghi, 2003). Regarding slope, this study found that steep slopes primarily influenced tree
height variation while not significantly altering other forest characteristics. This aligns with some findings in
oak forests in Poland (Baran et al., 2020) but contrasts with results in broadleaf forests in Beijing, China (Lu
et al., 2023). Research also suggests that the percentage of tree branching in oak forests in Ilam increases with
higher elevations above sea level (Hoseini et al., 2008). Assuming that diameter diversity is generally greater
in shade-tolerant tree groups than in light-demanding tree species, these results are consistent with the present
study. Trees at higher elevations are likely less accessible and less affected by logging and branching, leading
to greater vertical growth (Noshadi et al., 2014). It is worth noting that the study did not reveal any change in
the average number of stems within the study's tree clusters along the elevational gradient.

Human-induced disturbances around protected areas affected the woody and non-woody species composition,
similar to the impact seen in regions with higher disturbance levels (Rao et al., 1990; Daniels et al., 1995). The
observed variation in tree and forest structure is due to human disturbances and environmental heterogeneity,
as emphasized in previous studies by Fleming et al. (2009) and Jazirehi & Ebrahimi Rostaghi (2003).
Topographic and soil differences have a clear influence on forest structure, while human factors like grazing
and tree cutting play a substantial role, even if differences were not statistically significant.

Research has indicated varied impacts of anthropogenic factors and management practices on different
topographic characteristics. For instance, forests on gentler slopes tend to be younger, while oak trees in Zagros
forests show different dimensions based on their orientation (Jazirehi & Ebrahimi Rostaghi, 2003; Valipour et
al., 2013).
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