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ABSTRACT  Forests exhibit unique characteristics shaped by various environmental factors, with stand structure playing a crucial 
role in forest regeneration and microclimate regulation. This study investigates the structure of forest stands, focusing on coppice ori-
ental Beech (Fagus orientalis Lipsky) within the Hyrcanian forests of Iran. Three 25-hectare coppice beech stands were selected for 
analysis in the Chetan, Douhezar, and Garasmassar regions. To evaluate spatial structure—the distribution patterns of tree species 
within a stand-five rectangular sample plots, each measuring 50 × 100 meters (0.5 hectares), were established within each stand, 
reflecting the high density characteristic of coppice stands. The volume of deadwood was estimated by measuring the height and 
diameter of all standing dead trees, as well as the length and diameter of fallen dead trees. In Chetan, the species density was 219.35 
trees per hectare, primarily comprising beech (184 trees per hectare), with a total volume of 205.8 m³ha-1. Douhezar and Garasmas-
sar exhibited densities of 294 and 365.5 trees per hectare, with volumes of 204.5 m³ha-1 and 350.7 m³ha-1, respectively. Across all 
stands, beech accounted for the highest volume and demonstrated a significant presence of deadwood. Chetan showed a notable 
prevalence of groups with four sprouts, whereas Douhezar and Garasmassar exhibited more groups with five sprouts. The deadwood 
analysis indicated varying degrees of decay, with the highest frequency observed for first-degree deadwood across all stands. Struc-
tural indices, including the Pielou separation index, Clark and Evans index, and diameter differentiation index, were applied to assess 
species diversity and stand uniformity. Statistical analysis using ANOVA and Kruskal-Wallis tests revealed significant differences in 
these indices among the studied regions. The structural analysis of beech coppice stands in the Hyrcanian forests—specifically in 
the Chetan, Douhezar, and Garasmassar regions—highlighted notable variations in species density, volume, and deadwood distri-
bution. The findings underscore the necessity for sustainable forest management practices that address both ecological integrity and 
socio-economic needs of local communities.
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Introduction
Forests, shaped by environmental factors, exhibit 

unique characteristics, with stand structure playing a 
crucial role in forest regeneration and microclimate reg-
ulation (Tinya et al. 2021, Shabani et al. 2022). In forest 
management, analyzing the structure of forest stands 
(SFS) is essential for evaluating the current status and 
developing future guidelines, such as cutting operations 
and regeneration strategies (Kint et al. 2000, Latterini et 
al. 2023). Understanding and describing forest ecosys-
tems rely heavily on examining stand structure, which 
serves as a fundamental component of forest ecology 
(Javanmiri Pour et al. 2016, Seidl et al. 2022).

A forest stand, whether originating from seed or 
coppice, typically undergoes various structural transfor-
mations throughout its life cycle, akin to the evolution 
of a building’s design (Alder et al. 2023, Trentanovi et al. 
2023). To effectively understand, study, and manage for-
est stands, it is essential to first examine their defining 
characteristics (Eriksson et al. 2021, Achim et al. 2022). 
Analyzing the profile of a forest stand is particularly sig-
nificant, as it provides a comprehensive understanding 
of its structural attributes (Javanmiri Pour et al. 2017, 
Ali 2019, Hämäläinen et al. 2024, Javanmiri Pour et al. 
2024).

The structure of a forest stand generally encompass-

es multiple elements, including species diversity, den-
sity, volume, the distribution of tree sizes, the vertical 
distribution of crowns, the spatial distribution of trees 
and shrubs, the abundance of standing deadwood (i.e., 
snags), fallen deadwood (i.e., logs), and regeneration dy-
namics (Javanmiri Pour et al. 2019, Ali 2019, Bowditch 
et al. 2020, Kaushal and Baishya 2021, Hébert 2023).

In the field of structural analysis, European re-
searchers have extensively studied natural seed-origin 
and coppice stands in recent decades. Prominent con-
tributions include works by Leibundgut (1983), Korpel 
(1995), Emborg et al. (2000), Coppini and Hermanin 
(2007), Nocentini (2008), Šrámek et al. (2015), Sjölund 
and Jump (2015), Mariotti et al. (2017), Alder et al. 
(2023), and Latterini et al. (2023).

In Iran, research on the structure of natural seed-or-
igin stands (i.e., standard stands) in the Hyrcanian for-
ests has also gained attention in recent years, though 
it remains relatively scattered. Notable studies include 
those by Mehdiani et al. (2012), Delfan Abazari et al. 
(2004), Namiranian (2010), and Mataji and Namiranian 
(2021).

The Hyrcanian forests are home to approximately 
eighty tree species and fifty shrub species (Mahmoudi et 
al. 2016, Mohammadnezhad Kiasari et al. 2023). Histor-
ically, these forests were subject to traditional exploita-
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tion. However, since 1959, they have been managed 
under formal forestry plans employing various silvicul-
tural methods (Marvi Mohadjer 2013). The forest stands 
resulting from these exploitations are predominantly of 
seed-origin, with a limited presence of coppice stands 
(Marvi Mohadjer 2013, Karami et al. 2017).

Coppice forests generally lack significant value for 
industrial wood production. However, due to their crit-
ical role in regulating water cycles, preventing soil ero-
sion, and maintaining the ecological balance of habitats, 
they require careful attention and evaluation, particular-
ly in less degraded areas (Sagheb Talebi et al. 2014, No-
centini et al. 2022). Further degradation and alterations 
to natural conditions may render their future restoration 
infeasible (Pourhashemi 2019, Nocentini et al. 2022).

These forests serve several important functions, in-
cluding livestock grazing, fuelwood harvesting, seed col-
lection, and the gathering of non-timber forest products 
(Sagheb Talebi et al. 2014, Derebe and Alemu 2023).

The oriental beech (Fagus orientalis Lipsky) is one of 
the commercially significant species in the northern for-
ests of Iran. It predominantly occurs in irregular to regu-
lar seedling forms and is often observed in two- to three-
stemmed clusters (Moradi 2022, Fazlollahi Mohammadi 
et al. 2022). Historical exploitation by local villagers in 
some upland areas has led to the formation of coppice 
stands in certain beech forests.

Oriental beech is a dominant species in the northern 
forests of Iran, which are primarily seed-origin forests 
(Javanmiri Pour et al. 2019). Although oriental beech 
generally exhibits poor sprouting capability, it can pro-
duce shoots and establish coppice stands under specific 
circumstances (Marvi Mohadjer 2013). These conditions 
may arise naturally due to harsh climatic or habitat fac-
tors, or unnaturally as a result of human-induced distur-
bances (Khoshnevis et al. 2019, Mora et al. 2022).

Research on coppice stands has been limited to stud-
ies in Fandoghlo (Aghabarati et al. 2018) and the Zagros 
forests (Amirghasemi et al. 2001, Pilehvar et al, 2015, 
Pourhashemi et al. 2014, Pirozi et al. 2018, Pourhashemi 
and Alimahmoodi Sarab 2021, Esmaeili et al. 2023). 
In contrast, extensive research has been conducted on 
seed-origin stands (SOS) of beech forests in the Hyrcan-
ian region over recent decades. However, no comparable 
studies exist on the coppice stands of this species.

Coppice forests have often transitioned in density 
and growth form from seed-origin to coppice due to 
factors such as degradation and uncontrolled grazing 
(Unrau et al. 2018). However, the extent of degradation 
varies across regions, with some areas still maintaining 
dense and well-preserved seed-origin forest cover. Giv-
en the variability in stand density and diversity, a de-
tailed examination of the structural characteristics of 
these stands as ecosystems—often influenced over time 
by threatening factors, particularly human activities—is 
essential.

This study aims to investigate and compare the struc-

ture of coppice beech stands in different regions of the 
Hyrcanian forests, providing valuable insights into their 
ecological dynamics and contributing to informed man-
agement and conservation strategies.

Material and Methods

Study area
The Caspian Hyrcanian mixed forests, also known as 

the Caspian Hyrcanian forest, form a biogeographical re-
gion within the broadleaf mixed forests along the southern 
shores of the Caspian Sea and the northern slopes of the 
Alborz Mountains, covering an area of 55,000 square kilo-
meters (21,000 square miles), or approximately 7% of Iran’s 
total land area. These forests extend along the southern and 
southwestern shores of the Caspian Sea, across five North-
ern provinces of Iran, and into the Republic of Azerbaijan. 
With a history spanning 25 to 50 million years (Paleogene 
period), this forest is regarded as one of the most valuable 
in the world and is often referred to as a “natural museum.” 
During the Paleogene period, such forests once covered 
much of the northern temperate regions of Earth. Although 
they shrank during the Ice Age (Quaternary period), they 
began to expand again following its conclusion.

The first forest stand under investigation is located 
southwest of Chetan village, in the Panjek-e Rostaq district 
of Kojur County, Nowshahr, and approximately 67 kilome-
ters from the city. The geographical coordinates of this area 
are approximately 54°19’36” latitude and 08°28’51” longi-
tude, with an average elevation of 1,950 meters above sea 
level.

Another stand under investigation is located in the 
Two Thousand area of Tonekabon County. The nearest city, 
Tonekabon, is approximately 35 kilometers from the study 
area. Situated at an elevation of 2,100 meters above sea level, 
the stand is surrounded by four prominent mountains. It is 
bounded by the Sialan Strait, the peaks of Khoshchal and 
Kandigan to the west, and Taleghan to the east. The geo-
graphical coordinates are approximately 40°45’665” latitude 
and 47°45’90” longitude.

A third forest stand is located in Ramsar County, near 
Garasmassar village, at an elevation of 2,000 meters above 
sea level, approximately 60 kilometers southwest of Ramsar 
city.

The approach to forest management varies across these 
stands. Traditional management methods are employed in 
Chetan, while Garasmassar follows a formal forest manage-
ment plan. In contrast, the Douhezar stand remains unman-
aged, with no special interventions (i.e., habitat control).

The climate of these forests is humid and directly influ-
enced by the Caspian Sea. Annual rainfall varies across the 
region, ranging from 530 mm in the east to 1,350 mm in 
the west, with occasional peaks reaching up to 2,000 mm 
in the western areas. Based on data from meteorological 
stations, the maximum rainfall typically occurs in spring, 
late fall, and winter. The average annual temperature in the 
Hyrcanian region ranges from 15°C in the west to 17.5°C in 
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the east. Overall, the climate in the eastern Hyrcanian region 
is classified as warm Mediterranean, while the central and 
western parts are characterized by temperate and semi-tem-
perate Mediterranean climates, with occasional temperate 
xeric conditions.

According to the De Martonne method, the climate of 
oriental beech habitats in Iran-one of the region’s most im-
portant forest ecosystems-is very humid and cold in the low-
lands and midlands (up to 1,700 m), and very humid and 
ultra-cold in the highlands (up to 2,200 m) (Sagheb Talebi et 
al. 2014).

The species diversity in the forests under investigation is 
exceptionally high. Some of the major tree species include 
Oriental beech (Fagus orientalis Lipsky), Chestnut-leaved 
oak (Quercus castaneifolia C.A. Mey), European hornbeam 
(Carpinus betulus L.), Velvet maple (Acer velutinum Boiss), 
Cappadocian maple (Acer cappadocicum Gled.), Field ma-
ple (Acer campestre L.), Wild pear (Pyrus glabra Boiss), Wild 
service tree (Sorbus torminalis (L.) Crantz), Medlar (Mespi-
lus germanica L.), Cornelian cherry (Cornus sp.), Oriental 
hornbeam (Carpinus orientalis Mill.), Persian oak (Quercus 
macranthera Fisch et Mey), Rowan (Sorbus aucuparia L.), 
Fly honeysuckle (Lonicera nummularifolia Jaub. & Spach), 
and Wild roses (Rosa sp.).

It appears that the mountainous coppice forests of 
Chetan and Douhezar are currently being exploited without 
a formal forest management plan. In contrast, the Garasmas-
sar forest operates under a management plan, which likely 
facilitates more effective forest resource management. The 
residents of Chetan village are still utilizing forest resourc-
es for household purposes. However, charcoal extraction, 
which was once prevalent in the region, has significantly 

declined in recent years. The presence of charcoal-enriched 
black soils in the forest areas surrounding Chetan village 
is indicative of the intensity and scale of this activity in the 
past.

Data collection
For this research, three 25-hectare coppice beech stands 

were selected in the areas of Chetan, Douhezar, and Ga-
rasmassar. Each stand was fully inventoried. The species, 
diameter at breast height (DBH) of all trees exceeding the 
countable limit (7.5 cm), height, and the number of sprouts 
in each sprout group were measured. Tree volume was cal-
culated using Equation 1 (Zobeiri 2003).

                                                                                        (eq.1)

Where V is the volume in cubic meters, d is the dia-
meter at breast height (DBH) in centimeters, and h is the 
height of the tree in meters.

To examine the spatial structure, which investigates 
the distribution patterns of different tree species within the 
stand, five rectangular sample plots were established in each 
stand, each measuring 50x100 meters and covering 0.5 hec-
tares. These plots were oriented along the dominant slope, 
with their length aligned to the elevation gradient. Due to 
the high density of coppice stands, this sampling approach 
was chosen. The coordinates of the southwestern corner of 
each sample plot were recorded using a Global Positioning 
System (GPS) device in the UTM coordinate system.

In the Hyrcanian forests, particularly in coppice stands, 
the distance between trees is typically short, and the accu-
racy of GPS devices is limited to approximately five meters. 
To address this, the distance-azimuth method was emplo-
yed to record the trees within the sample plots. Additional 
data, including species, height, crown base height from the 
ground, crown diameter along the contour lines, general 
slope of the site, and maximum crown diameter, were also 
measured and recorded (Javanmiri Pour et al. 2017).

In the sample plot located in the Chetan coppice stand, 
340 structural groups were measured; in the Douhezar cop-
pice stand, 315 groups; and in the Garasmassar forest, 325 
groups. The relationships, sources, range of values, and in-
terpretations of each spatial structure index are presented  
e 1.

Pielou’s Evenness Index (CE = 1) measures the interspe-
cific mingling of two tree species. Its value ranges from +1 to 
-1. A value less than zero indicates cohesion, while a value 
greater than zero indicates spatial separation of species. If 
tree distribution in the forest follows a random pattern, the 
value of CE = 1 becomes 0. If CE < 1, a clumped distribu-
tion exists, and if CE > 1, it indicates regular positioning of 
trees (Bravo-Oviedo et al. 2018). A low value (Wi) suggests 
regularity among trees, while in clumped distributions, 
this value tends toward 1. When neighboring trees exhibit 
minimal differences, the DBH differentiation index tends 
toward zero; however, if there is significant heterogeneity 
among neighboring trees, this index tends toward 1. If the 
dimensions of the reference tree are greater than or equal to 

Figure 1 - General location of the study areas across the Hyrcanian 
forests, Northern Iran with the Walter-Lieth climate diagram for 
northern Iran.

π
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those of its four neighbors, the dominant DBH index value 
is 1; if the reference tree is smaller than its neighbors, this 
index tends toward zero. In the mixture index, when using 
three neighbors in a structural group, one of the following 
values is obtained: 0 (all neighbors are similar to the refe-
rence species), 0.33 (one neighbor is different from the re-
ference species), 0.66 (two neighbors are different from the 
reference species), or 1 (none of the neighbors are similar to 
the reference species).

To estimate the volume of deadwood, the height and 
diameter of all standing dead trees (i.e., snags) and the 
length and diameter of fallen dead trees (i.e., logs) were 
measured. For the fallen trunk sections and branches, the 
length and diameters at the thin end, middle, and thick end 
were also recorded. Additionally, considering the impor-
tance of decomposition and decay in deadwood and their 
role in the forest environment, the degree of decay of stan-
ding and fallen deadwood was classified into four categories 
(Tab. 2).

To calculate the volume of fallen deadwood, since the 
longitudinal shape of the trunk resembles an incomplete 
paraboloid, the Smalian (eq. 2) and Huber (eq. 3) formulas 
were used.

                                                                                        (eq. 2)

                                                                                           (eq. 3)

Where g1, g2, and gm represent the lower, upper, and 
middle cross-sectional areas, respectively, and h is the 
height of the incomplete paraboloid.

Visually, the longitudinal shape of the tree trunk at 
ground level initially resembles an incomplete hyperbolic 
Paraboloid (Zobeiri 2003). The formula for calculating the 
volume of an incomplete Paraboloid is presented in Equa-
tion 4.

                                                                                        (eq. 4)

Where h is the height of the incomplete paraboloid, g1 
is the lower cross-sectional area, g2 is the upper cross-sec-
tional area, and gm is the middle cross-sectional area.

For standing dead trees that have broken due to structu-
ral failure, none of the previously mentioned equations are 
applicable. Instead, Equations 5 and 6, as proposed by Tra-
vaglini and Chirici (2006), were utilized. Equation 5 is used 
to calculate the diameter reduction coefficient (Namiranian 
2010), and it is as follows:

                                                                                       (eq. 5)

Where dfg represents the diameter reduction coeffi-
cient, d1.3 is the diameter at breast height (DBH), and h is 
the total height.

The Equation 6 is also used to calculate the mean dia-
meter and is as follows:

                                                                                          (eq. 6)

Where dm represents the diameter at breast height of the 
tree.

Using the mean diameter obtained from Equation 5, the 
Huber formula (eq. 3) was used to calculate the volume.

 
Index  Formula Range of values Reference  

Pielou index P=𝜋𝜋λ (∑ 𝑟𝑟𝑝𝑝𝑝𝑝
𝑛𝑛
𝑖𝑖=1

𝑛𝑛 )
2
 -1<p<1 Pielou, 1977 

Clark & Evans R=ȓObserved
E (𝑟𝑟)  0 ≤ R ≤ 2.14  Bravo-Oviedo et al. 2018 

Uniform angle 𝑊𝑊𝑖𝑖 = 1
𝑛𝑛 ∑ 𝑉𝑉𝑉𝑉

𝑛𝑛

𝑗𝑗=1
 𝑉𝑉𝑉𝑉 = { 1, ∝ 𝑗𝑗 ≤∝ 0

0, 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 Pommerening 2002 

Mixture  𝑀𝑀𝑖𝑖 = 1
𝑛𝑛 ∑ 𝑉𝑉𝑉𝑉

𝑛𝑛

𝑖𝑖=1
 

𝑉𝑉𝑉𝑉
= {1, 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑗𝑗 ≠ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖

0, 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  
Füldner 1995, Aguirre 

et al. 2003 

DBH 
differentiation  

𝑇𝑇𝑇𝑇𝑖𝑖

= 1
𝑛𝑛 ∑ (1 − 𝑟𝑟𝑟𝑟𝑟𝑟)

𝑛𝑛

𝑗𝑗=1
 𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝐷𝐷𝐷𝐷𝐷𝐷

ℎ𝑖𝑖𝑖𝑖ℎ𝑒𝑒𝑒𝑒 𝐷𝐷𝐷𝐷𝐷𝐷  Füldner 1995, 
Pommerening 1997, 2002 

DBH dominance 𝑈𝑈𝑖𝑖 = 1
3 ∑ 𝑣𝑣𝑖𝑖𝑖𝑖

3
𝑗𝑗=1            𝑣𝑣𝑖𝑖𝑖𝑖 = [1 → 𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖 ≥ 𝐷𝐷𝐷𝐷𝐷𝐷𝑗𝑗

0 → 𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖 < 𝐷𝐷𝐷𝐷𝐷𝐷𝑗𝑗
] Hui et al. 1998 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2- Description of decay classes of deadwood. 

Row  Class Description References  

Table 1 - Relationships, references, range of values and interpretation of each structure index.

Table 2 - Description of decay classes of deadwood.

Row Class Description References 

1
First- 
degree 
decay

Freshly fallen tree, with the upper 
part and crown of the tree intact. 
Often, thin branches remain, the 
bark is intact, and the wood is 
hard.

Harmon et al. 
2010

2
Second- 
degree 
decay

The upper part and crown of the 
deadwood remain intact, but 
most thin branches are dry and 
fallen. The bark begins to detach 
from the trunk and becomes 
less present, although the wood 
remains hard.

Harmon et al. 
2010

3
Third-
degree 
decay

The crown of the tree is broken, 
and there is no bark or branches. 
The wood remains hard.

Harmon et al. 
2010

4
Fourth- 
degree 
decay

The top portion of the deadwood 
is broken, with no bark or large 
branches. The wood is transi-
tioning from hard to soft, with 
more than 70% of it converted 
into softwood.

Harmon et al. 
2010
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The analytical method
For statistical analyses, SPSS version 24 was used 

to evaluate statistical differences between groups, whi-
le Integrate+ (Bravo-Oviedo et al. 2018) and R (R Core 
Team 2021) were employed to calculate indices related 
to spatial distribution patterns. Data normality was as-
sessed using the Kolmogorov-Smirnov test. For normal-
ly distributed data, a parametric ANOVA test was con-
ducted at a 95% confidence level to identify statistically 
significant differences between groups. For rank-based 
data, such as the degree of decay in dead trees, the non-
parametric Kruskal-Wallis test was applied at the same 
confidence level.

Results

Main tree data attributes
In the beech coppice stand at Chetan, the species density 

was recorded at 219.35 trees per hectare, with beech contri-
buting 184 trees per hectare to the total. Hornbeam and lime 
accounted for 10 and 5 trees per hectare, respectively, whi-

le other species included hawthorn, plum, wild apple, wild 
pear, and ash (Tab. 3).

The total volume of all species in the stand was 198.5 
m³ha-1, with beech having the highest volume at approxi-
mately 146.2 m³ha-1. Wild pear exhibited the lowest volume 
at 0.75 m³ha-1. The volume of deadwood across all species 

was 7.3 m³ha-1, with beech contributing the largest share at 
3.6 m³ha-1 and hawthorn the smallest at 0.12 m³ha-1 (Tab. 3).

In the Douhezar coppice stand, the total tree densi-
ty was 273 trees per hectare, with a combined volume of 
190.8 m³ha-1. Beech, Hornbeam, and Maple were the most 
prevalent species, with densities of 175.5, 16, and 9 trees 
per hectare, respectively (Tab. 4).

The total volume of standing deadwood in this stand 
was estimated at 13.25 m³ha-1, with beech contributing the 
largest share at 7.3 m³ha-1.

In the Garasmassar coppice stand, the total tree den-
sity was 338 trees per hectare, with a combined volume of 
215.6 m³ha-1. Beech, Hornbeam, and Maple were the most 
abundant species, with densities of 312, 15, and 5 trees per 
hectare, respectively (Tab. 3).

The total volume of standing deadwood in this stand 
was estimated at 9.7 m³ha-1, with beech accounting for the 
largest share at 8.3 m³ha-1.

The primary structural characteristics of the studied 
habitats, including density, mean height, cross-sectional 
area, volume, and age, are summarized in Table 6. The 
highest tree density was recorded in the Garasmassar ha-

bitat, with 365.5 individuals per hectare. The Douhezar 
habitat exhibited the tallest trees, with a mean height of 
21.5 meters. The Douhezar habitat also contained the ol-
dest beech trees among the studied sites.

In the Chetan coppice stand, the highest frequency of 
sprouts within beech sprout groups was observed in groups 

Table 3 - The total volume, the mean volume of one stem and the volume per hectare of all types of species and plants present in the 
Chetan stand.

Species Type Mean  
diameter (cm)

Total vol-
ume (m3)

Total Fre-
quency 

Frequency 
(N ha-1)

Volume per 
hectare (m3)

Volume
Per one 

stem (ha)

The ratio of 
dead trees 

to living 
trees (%)

Beech
Live tree 18.4 3655 4350 174 146.2 0.84 2.46
Dead tree 13.55 90 242.5 9.7 3.6 0.37

Hornbeam
Live tree 20.4 613.75 250 10 24.55 2.45 7.98
Dead tree 14.9 48.25 17.5 0.7 1.96 2.8

Maple
Live tree 19.5 258.75 125 5 10.35 2.07 1.2
Dead tree 11 3.125 5 0.2 0.125 0.625

Wild pear 
Live tree 12.7 18.75 15 0.6 0.75 1.25 44
Dead tree 13 8.25 8.75 0.35 0.33 0.94

Hawthorn
Live tree 9.4 49.5 82.5 3.3 1.98 0.6 6.06
Dead tree 10.5 3 20 0.8 0.12 0.15

Common 
Medlar

Live tree 9.6 162.5 205 8.2 6.5 0.79 17.5
Dead tree 9.25 28.5 100 4 1.14 0.285

Ash
Live tree 36.85 175 8.75 0.35 7 20 0
Dead tree - - - - - -

Plum
Live tree - - - - - - 0
Dead tree 10.7 28.75 53.75 2.15 1.15 0.53

Sum
Live tree - 4914.5 5036.25 203.6 198.5 0.97 3.7
Dead tree - 209.875 447.5 15.75 7.3 0.46
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with four sprouts, accounting for 17% of the total. This was 
followed by groups with five sprouts (16.9%) and two sprouts 
(16.5%) (Fig. 2).

In the Douhezar coppice stand, the highest frequency 
(18.5%) occurred in groups with five sprouts. Groups with 
four sprouts and three sprouts followed with frequencies of 
16.2% and 14%, respectively (Fig. 2).

In the Garasmassar coppice stand, the most frequent 
sprout groups were those with five sprouts, making up 16.5% 
of the total. Groups with six sprouts (15.4%) and four sprouts 
(14.1%) followed in frequency (Fig. 2).

In the Chetan coppice stand, all dead beech trees were 
classified as standing deadwood. Among these, first-degree 
standing dead trees had the highest frequency, accounting for 
55% of the total. This was followed by third-degree (25.7%), 
fourth-degree (12.1%), and second-degree (7.2%) standing 
dead trees (Fig. 3).

The deadwood in the Douhezar coppice stand comprised 

Table 4 - The total volume, the mean volume of one stem and the volume per hectare of all types of species and plants present in the 
studied Douhezar stand.

Species Type Mean  
diameter (cm)

Total volume 
(m3)

Total  
Frequency

(N) 

Frequency 
(N ha-1)

Volume  
(m3 ha-1)

The ratio of dead 
trees to living 

trees (%)

Beech
Live tree 34.2 3983.75 4387.5 175.5 159.35 4.58
Dead tree 21.5 182.5 537.5 21.5 7.3

Hornbeam
Live tree 38 452.5 400 16 18.1 25.4
Dead tree 31 115 100 4 4.6

Maple
Live tree 25.5 112.5 225 9 4.5 18.7
Dead tree 43 21 100 4 0.84

Other Sp.
Live tree 21 221.25 200 8 8.85 5.65
Dead tree 15 12.5 25 1 0.5

Sum
Live tree - 4770 5212.5 273 190.8 6.95
Dead tree - 331 762.5 21 13.25

Species Type Mean  
diameter (cm)

Total volume 
(m3)

Total  
Frequency

(N) 

Frequency 
(N ha-1)

Volume  
(m3 ha-1)

The ratio of dead 
trees to living 

trees (%)

Beech
Live tree 28.4 5150 7800 312 197.5 4.2
Dead tree 21 207.5 537.5 21.5 8.3

Hornbeam
Live tree 33 320 375 15 12.8 5.5
Dead tree 15 17.7 100 4 0.7

Maple
Live tree 28.5 79.7 125 5 3.2 11.25
Dead tree 34 9.07 100 4 0.36

Other Sp.
Live tree 21 52 150 6 2.08 14.4
Dead tree 14 7.5 50 2 0.3

Sum
Live tree - 5601.7 8450 338 215.6 4.5
Dead tree - 241.8 787.5 31.5 9.66

Table 5 - The total volume, the mean volume of one stem and the volume per hectare of all types of species and plants present in the 
Garasmassar stand.

Study  
Area

Stem  
Density 

(stems/ha)

Average 
Height 

(m)

Basal 
Area 

(m²ha-1)

Volume 
(m³ha-1)

Age 
(years)

Chetan 219.35 14.40 30.70 205.80 70
Douhezar 294 21.50 34.65 204.50 120
Garasmassar 365.5 16.50 36.50 350.70 90

Table 6 - Summary of forest stand structure variables for each 
surveyed forest.

Figure 2 - The frequency of the number of shoots in a Beech 
coppice group in Chetan, Duhezar and Garasmssar.
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both standing and fallen types, with volumes of 10.35 and 2.9 
m³ha-1, respectively. Among standing deadwood, first-degree 
deadwood exhibited the highest frequency at 35%, followed 
by second-degree (31%), third-degree (20%), and fourth-de-
gree (15%) categories. For fallen deadwood, first-degree de-
adwood also had the highest frequency at 42%, with second-
degree, third-degree, and fourth-degree categories following 
at 32%, 18%, and 8%, respectively (Fig. 4).

In the Garasmassar stand, the volumes of standing 
and fallen deadwood were 7.5 and 3.6 m³ha-1, respectively. 
Among standing deadwood, first-degree deadwood had 
the highest frequency at 43%, followed by second-degree 
(31%), third-degree (20%), and fourth-degree (6%) cate-
gories. For fallen deadwood, first-degree deadwood exhi-
bited the highest frequency at 54%, with second-degree, 
third-degree, and fourth-degree categories following at 
28%, 14%, and 4%, respectively (Fig. 5).

The average Pielou separation index for the Chetan, 
Douhezar, and Garasmassar coppice stands were -0.004, 
-0.59, and -0.40, respectively. Additionally, the average 
Clark and Evans values for the beech coppice stands in 
Chetan, Douhezar, and Garasmassar were 0.37, 0.45, and 
0.39, respectively (Tab. 7).

The highest frequency of the tree species diversity in-
dex in the beech coppice stands of Chetan, Douhezar, and 
Garasmassar occurred in the zero class (low difference), 
with frequencies of 74%, 70%, and 68%, respectively (Fig. 
6).

The highest uniform angle values in the Chetan, 
Douhezar, and Garasmassar coppice stands were 71%, 
73%, and 84%, respectively, all occurring in class 1 (Fig. 6).

Figure 3 - The frequency of beech standing dead trees decay in 
the studied coppice stand.
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Figure 4 - The frequency of beech standing and fallen dead trees 
decay in the studied standard stand in Duhezar.
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Figure 5 - The frequency of beech standing and fallen dead trees 
decay in the studied stand in Garasmassar.
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The highest value of the diameter differentiation index 
in the Chetan beech coppice stand was observed in the 0.2-
0.4 class (low diameter difference) with a value of 63%. In 
the Douhezar coppice stand, the highest value occurred 
in the 0.4-0.6 class with a value of 63%. In the Garasmas-
sar stand, the highest diameter differentiation index was 
observed in the 0.4-0.6 class with a value of 65% (Fig. 6).

In the Chetan beech coppice stand, the highest le-
vel of differentiation in the diameter variation index was 
observed in class 1 (low diameter difference) with a value 
of 52%. The highest values of this index in the Douhezar 
and Garasmassar coppice stands occurred in class 1, with 
values of 68% and 65%, respectively (Fig. 6).

The ANOVA test revealed a significant difference 
in the UA index among the studied groups (i.e. Chetan, 
Duohezar and Garasmassar) at a 95% probability level 
(p=0.05); (table 8).

The ANOVA test revealed a significant difference in 
the Mingling index among the studied groups (i.e. Che-
tan, Duohezar and Garasmassar) at a 95% probability le-
vel (p=0.05); (Tab.) 9).

Index Chetan Douhezar Garasmassar

Pieluo segregation index -0.004 -0.59 -0.4
Clarke-Evans index 0.37 1 0.39

Table 7 - Values of Pielou segregation and Clarke-Evans indices in 
coppice beech stands.

Figure 6 - Graph showing mixed, uniform angle, DBH difference, and DBH dominance indices for beech trees across the Chetan, 
Duohezar, and Garasmassar forest stands.
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UA index

Chetan Douhezar Garasmassar

UAI Sum of 
Squares df Mean 

Square F p-value

Between 
Groups 0.089 2 0.044 0.418 0.046*

Within Groups 6.046 57 0.106
Total 6.135 59

Table 8 - Results of analysis of UA index using ANOVA test among 
the studied stands.

** Significance at the 0.01 level, * significance at the 0.05 level, ns no significance

Mingling Sum of 
Squares df Mean 

Square F p-value

Between 
Groups 0.000 2 0.000 0.001 0.049*

Within Groups 4.250 57 0.075
Total 4.250 59

Table 9 - Results of analysis of mingling index using ANOVA test 
among the studied stands.

** Significance at the 0.01 level, * significance at the 0.05 level, ns no significance
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The ANOVA test revealed a significant difference in 
the DBH dominance index among the studied groups (i.e. 
Chetan, Duohezar and Garasmassar) at a 95% probability 
level (p=0.05); (Tab. 10).

The ANOVA test revealed a significant difference in 
the DBH differentiation index among the studied groups 
(i.e. Chetan, Duohezar and Garasmassar) at a 95% proba-
bility level (p=0.05); (Tab. 11).

The results of the Kruskal-Wallis non-parametric test 
indicated an non-significant difference (p = 0.001) in the 
frequency of decay degrees of dead trees among the Che-
tan, Garasmassar, and Douhezar coppice stands at a 5% 
probability level (Tab. 12).

Discussion

Density, Volume and Species Composition
The highest density in the Garasmassar coppice stand was 
attributed to the beech species, accounting for approxi-
mately 365.5 stems per hectare (46.4%) and a volume of 
350.7 m³ha-1 (46.15%). In contrast, the Chetan coppice 
stand contained 219 beech stems per hectare (28.1%) and 
a while total volume of 205.5 m³ha-1 (26.85.9%). Similarly, 
in the other two stands, beech species dominated in both 
abundance and volume density, as it remains the sole cop-
pice species.

Marvi Mohadjer (2013) estimated the volume of forest 
stands in northern Iran to be approximately 300 m³ha-1. 
A study by Sefidi et al. (2014) on managed Oriental beech 
stands using the selection method in the Kheyroud Forest 
of Nowshahr reported an average volume of 386 m³ha-1, 
with an average of 189 trees per hectare. Similarly, Ja-
vanmiri Pour et al. (2017) recorded an average volume 
of 389.14 m³ha-1, with 282 trees per hectare, in managed 
stands subjected to the selection method in the same fo-
rest.
These findings pertain to seed-origin beech stands, whe-
re the calculated volumes are approximately twice those 
observed in the coppice stands of the present study. This 
discrepancy persists despite a similar number of trees 
per hectare, as noted by Javanmiri Pour et al. (2017). The 
observed difference suggests a higher prevalence of low-
quality trees in the coppice stands, including those with 
broken crowns, fractured trunks, hollow interiors, uproo-
ting, or fungal infections.

Comparison of Beech Abundance and Diameter Varia-
tions

The distribution and structural characteristics of 
beech (Fagus spp.) vary across different coppice stands, 
reflecting the influence of local environmental conditions 
and stand dynamics. In the present study, the abundance 
of beech in the Garasmassar coppice stand was found to 
be higher than in the Douhezar and Chetan coppice stan-
ds. Similarly, the total volume of beech in Garasmassar 
exceeded that recorded in both the Chetan and Douhezar 
stands, indicating more favorable growth conditions or 
differences in stand history and management practices.

A closer examination of volume differences between 
the Chetan and Douhezar coppice stands suggests that 
tree size distribution plays a significant role. Although the 
total volume of beech trees in Chetan surpasses that of 
Douhezar, this difference can be attributed to variations 
in tree density and diameter distribution. Specifically, the 
smaller average diameter of beech trees in Chetan (18.4 
cm) compared to Douhezar (34.2 cm) suggests that the 
higher tree density in Chetan compensates for the redu-
ced individual tree size, thereby contributing to a greater 
overall volume.

These findings align with previous studies on coppice 
beech forests. Aghabarati et al. (2018) investigated cop-
pice beech stands in Fandoghlou, Ardabil, and reported 
substantial variability in tree diameters across different 
sites. At the Suha and Abibiglou locations, the maximum 
recorded diameters were 55 cm and 60 cm, respectively, 
with mean diameters at breast height (DBH) of 19.6 cm 
and 14.15 cm. In contrast, the Niaraq site exhibited a we-
aker stand structure, characterized by a maximum diame-
ter of 35 cm and a mean DBH of 9.25 cm.

In comparison, the results of the present study reveal 
that the Chetan coppice stand exhibits considerable dia-
meter diversity. The mean DBH recorded in this study 
(18.4 cm) falls within the range reported by Aghabarati 

DBH  
dominance

Sum of 
Squares df Mean 

Square F p-value

Between 
Groups 0.000 2 0.000 0.001 0.04**

Within Groups 2.907 57 .051
Total 2.907 59

Table 10 - Results of analysis of DBH dominance index using 
ANOVA test among the studied stands.

** Significance at the 0.01 level, * significance at the 0.05 level, ns no significance

Table 11 - Results of analysis of DBH differentiation index using 
ANOVA test among the studied stands.

DBH 
differentiation

Sum of 
Squares df Mean 

Square F p-value

Between 
Groups 0.000 2 0.000 0.000 0.045*

Within Groups 3.643 72 0.051
Total 3.643 74

** Significance at the 0.01 level, * significance at the 0.05 level, ns no significance

Table 12 - Results of analysis of dead trees abundance using 
Kruskal-Wallis test among the studied stands.

Kruskal-Wallis H df p-value

.464 2 0.397ns

** Significance at the 0.01 level, * significance at the 0.05 level, ns no significance
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et al. (2018), while the maximum observed diameter of 
140 cm significantly exceeds the values documented in 
their study. This suggests that the Chetan coppice stand 
not only supports a high density of smaller-diameter trees 
but also contains a subset of large-diameter individuals, 
contributing to a more structurally diverse forest stand. 
Such diameter diversity may indicate a mix of age classes 
or varying growth rates within the stand, possibly influen-
ced by site-specific factors such as soil conditions, micro-
climate, and past management interventions.

Ecological and Climatic Influences on Coppice Deve-
lopment
The results of this study are compared with those of the 
Fandoghlou region due to the lack of similar research 
on coppice beach in the Hyrcanian forests. Although the 
comparative study was conducted outside the northern 
forests of Iran, the Fandoghlou area shares ecological cha-
racteristics conducive to the growth and survival of cop-
pice beech. Its proximity to the northern forests and its 
similar humidity and environmental conditions make it a 
relevant point of comparison.
Certain broadleaf species possess a natural ability to pro-
duce shoots or suckers, making them valuable for firewo-
od and charcoal production (Marvi Mohadjer 2013). The 
beech species in the study areas exhibit this characteristic. 
The presence of coppice beech stands in the temperate fo-
rests of northern Iran underscores the adaptability of this 
species. Beech trees typically thrive in mid-elevation fo-
rests (700–1,800 m), where they achieve optimal growth. 
However, under specific natural or anthropogenic condi-
tions, coppice beech trees can also develop.
It is widely believed that drier and harsher climates en-
hance the ability of trees to produce shoots (König et al. 
2022). According to Marvi Mohadjer (2013), the beech 
forests of northern Iran are predominantly seed-origina-
ted, as beech inherently exhibits a weak capacity for sho-
ot production. However, under conditions such as severe 
human interventions, beech can produce shoots and form 
coppice stands, as observed in the Chetan stand. Findings 
by Mariotti et al. (2017) on the successful conversion of 
coppice beech to seed-origin stands in the Alps further 
support this observation.

Deadwood Distribution and Forest Utilization
The total volume of deadwood per hectare in the Chetan 
coppice stand was 7.3 m³, with beech contributing the hi-
ghest volume (3.6 m³ha-1) and hawthorn the lowest (0.12 
m³ha-1). In comparison, the Douhezar coppice stand re-
corded a total deadwood volume of 13.25 m³ha-1, inclu-
ding 7.3 m³ha-1 from beech, while the Garasmassar coppi-
ce stand reported a total of 14.25 m³ha-1, with 8.3 m³ha-1 
attributed to beech. These volumes are significantly lower 
than those reported in other areas of the northern forests.
In the Chetan coppice stand, deadwood is predominantly 
standing, whereas both standing and fallen deadwood are 
observed in the Douhezar and Garasmassar stands. The 
absence of fallen deadwood in the Chetan stand is pri-

marily attributed to local exploitation; villagers promptly 
remove fallen deadwood for household and fuel use. Ad-
ditionally, standing deadwood in decay class four is often 
harvested by locals, driven by the lack of a forest manage-
ment plan and the absence of alternative energy sources, 
such as a gas and oil supply system. This heavy reliance on 
forest resources places substantial pressure on the Chetan 
stand.

Implications for Forest Management and Conserva-
tion
The analysis of spatial distribution indices in coppice stan-
ds provides valuable insights, although the results suggest 
that these indices deviate significantly from the optimal 
state found in natural forests unaffected by human inter-
vention. Despite the dominance of beech due to regenera-
tion through coppicing, most indices reflect a clustered or 
clumped spatial pattern. This outcome is primarily attri-
buted to extensive human activities, particularly logging, 
to fulfill the needs of local rural communities.
The distribution pattern of many species in forest com-
munities is typically either clumped or regular. Other re-
search indicates that random distribution is rare in forests, 
as trees often exhibit mutual relationships that influence 
spatial structure. Furthermore, forest utilization plays a 
role in shaping tree distribution (Kint et al. 2000). In the 
present study, human intervention has significantly alte-
red the tree distribution in both the Douhezar and Chetan 
coppice stands.
Historically, coppice stands were harvested for charcoal 
production, with surplus charcoal transported to cities for 
sale. Over time, this practice disrupted the natural state of 
these stands, making it difficult to determine whether the 
current structural condition of the trees reflects their ori-
ginal state. However, comparing different stands provides 
valuable insights into spatial patterns.
Residents of the Chetan and Garasmassar villages conti-
nue to rely on tree exploitation for household needs due 
to the absence of a gas supply network. Consequently, spa-
tial structure indicators may not accurately reflect natural 
conditions. In this context, Sefidi and Sadeghi (2021) attri-
buted long-term human disturbances such as tree cutting, 
grazing, and wildfires to changes in the spatial pattern of 
Oriental beech trees in the Arasbaran stands.

Conclusion 
The study reveals substantial variations in density, vo-

lume, and species composition across the three stands, pri-
marily attributed to anthropogenic interventions and local 
environmental factors. Beech emerges as the dominant 
species in all three stands, albeit with notable discrepancies 
in tree quality and volume compared to seed-origin stands, 
indicative of the impact of coppicing practices.

Garasmassar exhibits the highest beech abundance and 
volume, suggesting more favorable growth conditions or 
less intensive historical management. Conversely, Chetan, 
despite its higher tree density, demonstrates a lower average 
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tree diameter, indicative of substantial diameter diversity. 
This stand also presents the lowest deadwood volume, pre-
dominantly in standing form, a consequence of intensive 
local utilization for fuel due to the absence of alternative 
energy sources.

The spatial distribution patterns observed in all three 
stands deviate significantly from those typical of natural 
forests, exhibiting a clustered arrangement. This pattern 
is largely attributed to prolonged anthropogenic activities, 
particularly logging to meet local community needs. These 
historical and ongoing practices have markedly altered tree 
distribution, obfuscating the original stand conditions.

The findings underscore the necessity for sustainable 
forest management practices that address both ecological 
integrity and socio-economic needs of local communities. 
Provision of alternative energy sources and implementation 
of appropriate forest management plans are crucial for mi-
tigating pressure on these valuable coppice ecosystems and 
promoting their long-term resilience.
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