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Extended Abstract

Background: The complexity of the vegetation structure is an important feature of natural
ecosystems, often associated with higher ecological performance. Studies have shown that plant
communities that are structurally more diverse are also more complex. However, the shape and
overall nature of this relationship, as well as the involved mechanisms, are not well known. On
the other hand, the assets and services of forest ecosystems have significantly declined due to
destruction and deforestation in some parts of Iran, particularly in mountainous landscapes. This
study aims to evaluate the structural changes in forest stands affected by varying degrees of
degradation in a mountainous ecosystem. The research focuses on analyzing structural indicators,
such as abundance, species composition, density, diameter at breast height (DBH), tree height,
and the regeneration status of woody species. The primary goal is to achieve a better
understanding of the human disturbance process and its effects on forest structure. Additionally,
the study emphasizes providing recommendations and strategies for the sustainable management
and restoration of degraded forest stands based on the findings.

Methods: This study was conducted in three forest stands within the Abr Forest, located in
Shahroud, Semnan Province, each characterized by different levels of disturbance as well as
distinct species composition and structural features. In each stand, three sample plots (100 x 100
m) were established along transects following a southern-to-northern direction, corresponding to
the general slope and increasing elevation gradient. The transects were aligned parallel to each
other. All woody species with a diameter at breast height (DBH) greater than 7.5 cm were

measured and identified within each plot. The collected DBH and basal area data were used to
calculate several structural parameters, including tree density (N.ha™'), the proportion of large-
diameter trees, the Gini coefficient, the structural complexity index, and Doliucourt's diameter
differentiation, to compare the stand structure among the different disturbance intensities. The

forest structure triangle method was employed to further assess the forest structure based on
disturbance intensity. For this purpose, trees were grouped into three DBH classes: small (< 30
cm) medium (30-50 cm), and large (> 50 cm) diameter classes. Regeneration of woody species

was recorded within subplots measuring 2 X 2 meters (4 m?) established inside each main plot.
Regenerating individuals were categorized into three height classes; less than 0.3 m, 0.3 and 1.3

m, and greater than 1.3 m. Species diversity, richness, and evenness across stands were evaluated

using the Shannon—Wiener diversity index. Species diversity, composition, distribution of
number and basal area in diameter classes, and regeneration characteristics were compared using
the one-way ANOVA test and Tukey's multiple comparisons at the 5% level according to the type
of stand disturbance.

Results: In total, 2638 individuals belonging to 11 woody species were observed in the study
area. The highest and lowest tree densities were recorded in moderately disturbed (346 stems per
hectare) and severely disturbed (189 stems per hectare) stands, respectively. Furthermore, the
severely disturbed stands exhibited the greatest mean DBH (DBH = 37.46 cm) and mean tree
height (11.86 m) among the three stands. The analysis of biodiversity indices showed the lowest
species diversity (Shannon index H' = 2.31) and species evenness (0.63) in severely disturbed
stands, while the highest values for both diversity (H' =2.97) and evenness (0.87) were observed
in the intact (undisturbed) stand. The distribution of species abundance varied among the
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investigated stands. The structure of the stands exhibited a wide presence of young and small-
diameter individuals (DBH < 30 cm) and alongside a decline in the number of large and old trees
(DBH > 55 cm) in all three stands. The moderate degradation stand had the most diversity and
abundant regeneration of woody species. The distribution pattern of the number in the diameter
classes of the studied stands shows a decreasing or semi-hyperbolic trend, as well as Uneven-
aged natural stands, so that their population distribution curve follows an inverted J shape.
Carpinus orientalis and Quercus macranthera were the most prevalent in the three stands. In
intact and severe degradation stands, these two species constituted 60.5% (667 and 440
individuals) and 22.7% (250 and 165 individuals) of the total investigated individuals,
respectively. Moreover, the regeneration frequency of the studied stands was obtained with 335
+ 892 (mean + standard deviation) seedlings and 132 + 35 (mean + standard deviation) saplings (in
4 m”).

Conclusion: Human disturbances can significantly impact forest regeneration mechanisms.
Certain species demonstrate persistence capacity through vegetative sprouting and asexual
reproduction, while others lack this adaptive trait. In the study area, three species exhibited
particularly high sprouting potential; Carpinus orientalis, Quercus macranthera, and Carpinus
betulus. These species showed remarkable resilience to habitat degradation through vigorous
vegetative regeneration, enabling effective site rehabilitation in disturbed conditions. The
intensity of exploitation and harvesting was higher in the environment with moderate disturbance
and degradation, while it was lower in the severely degraded stand. However, the results indicate
that the harvesting and exploitation of trees by local communities and even recreational users do
not seem to have adverse effects on the abundance, structure, and regeneration of the studied
stands. Instead, other factors, such as illegal logging and trafficking, road construction, gas and
electricity transmission routes, land-use changes, and possibly climate change, may play a
significant role in the degradation of these valuable stands. Based on the research results, it is
recommended to improve the natural regeneration status of native tree species through various
afforestation methods. There is an urgent need for protection to ensure sustainable exploitation
and management of the forest.
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Figure 2. The total frequency of woody species individuals in the studied stands according to the disturbance severity.
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Figure7. Abundances of species regeneration based on disturbance intensity in the studied stands (in 4 m?)
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