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Table 1. Characteristics and species composition of different 12 studied forest stands

0 o:)..r' ra}): Ya}): \a}}; dpsein
Stand6 Stand5 Stand4 Stand3 Stand?2 Stand1 Feature
()L:g.ds) ol
90 935 925 96 86 89
Area (ha)
5 gas dxdad 3lUss
30 30 31 29 29 29 Lo a3 S
No. of Circular plot
L) el s®
HL ML ML ML HL HL e
Elevation zone
A(68.2),B A(53.7),B A (56.2), B A(44), B A(78),B A(73),B G s
(17.6),C (15.5), C (21.2),C (44), C (16.4), C (22), C (002) S5 8
(7.7), Others ~ (13.3), Others  (10), Others  (8.4), Others  (1.4), Others  (3.3), Others Composition of
(6.5) (17.5) (12.6) (3.6) (4.2) (1.7) species (%)
| 345l
49 64 63 38 33 39 (4202) sl
Standard (%)
[5asls
51 36 37 62 67 61 (a2)2) sl
Coppice (%)
VY o g8 VY o g Voo g Qo3 A o3y Voos g
Stand12 Stand11 Stand10 Stand9 Stand8 Stand7
(L) Comlos
39 27 89 92 90 91
Area (ha)
5 gasdnlad slds
33 28 29 25 28 26 Lamintt 2l
No. of Circular plot
sl anals™
LL ML HL HL HL HL ST
Elevation zone
A (40.7),B
B(23,C  B(931),C  (248).C A@33),B  AQB4BLB () s sy
D(8.5). © (91) D(a4), (37),Others  (18.1) (326), C (39.9), C o
Others (1.5) Oth]ers (12)’ ' (’3 %) Oth.ers, (22.3), Others ~ (18), Others Comp(_)smon of
: (16.4) (12.1) (7.3) species (%)
| ya3!
77 40 54.4 22 23 49.8 (4202) 3l
Standard (%)
‘. . B
23 60 456 78 77 50.2 (A2)2) sl

Coppice (%)

A: Carpinus betulus L. & C. orientalis Mill. ; B: Quercus petraea L. & Q. macranthera Fisch. & C.A. Mey.; C: Acer campestre
L. & Acer monspessulanum L. subsp. Ibericum (M.B) Yaltirik; D: Juniperus foetidissima Willd. & J. excelsa M. Bieb.; Others:
Cerasus avium (L.) Moench., Sorbus torminalis (L.) Crantz, Sorbus graeca (Spach) Loddiges ex Schaver, Sorbus aucuparia
L., Fraxinus excelsior L., Ulmus glabra Hudson, Ulmus minor Miller, Cornus australis C.A. Mey., Cornus mas L., Crataegus
sp L., Pyrus sp L., Taxus baccata L., Pistacia atlantica Desf. Subsp. Mutica (Fisch& C.A. Mey.) Rech. F., Mespilus germanica
L., Prunus sp L., Corylus avellana L., Amygdalus fenzliana (Fritsch) Lipsky = A. communis

o> Ve (HL) aVU 5 e VT oA s (ML) a0l e < Ave (LL) syl el yl als*
* LL: Lowland <800 m, ML: Midland 800- 1600 m, HL: Highland >1600 m
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Table 2. Similarity between studied forest stands with Jaccard index

VY o g Yooy Qo345 A o3y Voes s Vesy 0 o3y Loy Yooy Y ooxg \ oy
Stand1l Stand10 Stand9 Stand8 Stand7 Stand6 Stand5 Stand4 Stand3 Stand2 Standl
Y oos g
0.736 g
Stand 2
Yoosy
0371  0.487 g
Stand 3
¢ aJ}J
0.632 0.389 0.468
Stand 4
0 aJ}J
0.653 0.500 0.439 0.540
Stand 5

Las e QLS ) bacalil o 2eS s (g3de polie g el o 2l amwl.:;&)ﬁ@,\;ﬁ;uﬁ

Values in bold represent the highest similarities and values in italic represent the lowest similarities between analyzed forest

stands.
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Continued table 2.
ARIYPY Vooesg Q o3y A osg Voess Texg 0 o34 £ osy Y oes s Yoesg \ ey
Stand11l Stand10 Stand9 Stand8 Stand7 Stand6 Stand5 Stand4 Stand3 Stand2  Standl
-\eJ}S
0.698 0.634 0.516 0.604 0.741
Stand 6
Ve:_,;
0.438 0.433 0.539 0.623 0.291 0.370
Stand7
A o3y
0.747 0.412 0.439 0.523 0.510 0.235 0.302 >
Stand 8
q o3y
0.771 0.683 0.408 0.420  0.555 0.504  0.232 0.301 >
Stand 9
Vo oy
0.113 0.141 0.190 0.119 0.107 0.122 0.231 0.113 0.141 .
Stand 10
VY ey
0.101 0.317 0.309 0.286 0.176 0.193 0.230 0.215 0.083 0.119 .
Stand 11
VY o3y
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Values in bold represent the highest similarities and values in italic represent the lowest similarities between analyzed forest
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Fig 2. Dendrogram of forest stands based on Jaccard index values
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Fig 3. Comparison of different groups in terms of diversity indices based on Duncan test
(Low letters are referring to statistical differentiation at the 0.01 level)
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Abstract

Background and objectives: Biodiversity loss, increase in invasive species, and climate change are
challenging issues of this century leading to decreased plant diversity and negative impacts on the
sustainability and stability of ecosystems such as forests. Arasbaran forests have significant changed in
recent years due to degradation and human interventions. Therefore, it is essential to assess the
biodiversity of Arasbaran forests in terms of species composition and species diversity to improve the
forest stands stability. The aim of this research was to evaluate and determine the tree and shrub species
diversity in the Arasbaran forests using biodiversity indices and classifying forest stands based on their
species similarity.

Methodology: Mountainous broad-leaved forests of Arasbaran located in the northwest of Iran
belonging to the main Euro-Siberian region and the Hyrcanian sub-region is known as a biosphere
reserve of Iran. However these forests are protected, but intense human activities in recent decades have
severely changed the appearance, composition, and structure of Arasbaran forests.To conduct this
research, 12 forest stands were randomly selected all over the area based on suitable distribution of
stands in different forest types and elevation gradients using a two-stage sampling method. Then, 347
circle permanent sample plots of 300 and 1000 m? were established using a systematic-random sampling
approach and all tree parameters were measured. Afterward, species composition, basal area
distribution, mean cross-sectional area, density per hectare, tree height, and proportion of sprout and
seedling bases were estimated based on the collected data. To assess the species diversity of the stands,
Margalef and Menhinick richness indices, Pielou and Heip evenness indices, and Shannon-Wiener and
Simpson diversity indices were used. Furthermore, the Jaccard index was applied for classifying forest
stands based on species similarity or dissimilarity, and a dendrogram was prepared based on Jaccard
distances. Statistical differences among groups regarding biodiversity indices were examined using
analysis of variance.

Results: Based on the results, 25 tree species were identified in the study area, including four dominant
species of Carpinus spp L. with 40%, Quercus spp L. with 29%, Juniperus spp L. with 12%, and Acer
spp L. with 11%. The quantitative characteristics of the studied stands indicated that the forests of
Arasbaran are young forests with small tree diameters (average diameter of 10 cm) and high tree density,
with the dominance of coppice and seedling bases, that it is likely due to historical clear-cutting of
forests for charcoal production, strong resprouting ability of species such as hornbeam and oak, and
human interventions. The obtained six biodiversity indices showed that the species richness, evenness
and biodiversity were moderate, very low, and relatively moderate respectively in the Arasbaran forests.
Based on the Jaccard index, forest stands were divided into five groups, which analysis of variance
results indicating significant statistical differences between groups in terms of biodiversity indices. The
highest biodiversity indices related to mixed broad-leaved stands with values of 1.15, 0.66, and 0.21 for
richness, evenness, and diversity indices respectively, while the lowest indices associated with pure
stands of Quercus macranthera with values of 0.28, 0.06, and 0.12 for richness, evenness, and diversity
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indices respectively. Furthermore, the Margalef, Pielou and Shannon-Wiener indices were recognized
as the best indices for the region based on the coefficient of variation.

Conclusion: According to the results, biodiversity of tree species is more influenced by species richness,
and species richness plays a significant role in the variation of biodiversity in the Arasbaran region.
These forests are dominated by two or three tree species, that leading to a reduction in evenness. This
research revealed that classifying tree species based on biodiversity using the Jaccard index, which
effectively differentiated groups, is feasible and can be useful in conservation and management
decisions. Therefore, it is necessary to assess the biodiversity indices and identifying factors caused to
reduction in biodiversity in the region in order to improve them to achieve sustainability. Successful
management plans depend on proper conservation practices for the forests, preventing livestock grazing
in the forest stands, avoiding tree cutting, identifying seed-trees and creating space for seed production
by removal of the coppice sprouts and investigation of the reasons for lack of establishment of
regeneration in the region.
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