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Extended Abstract

Background and Objective: Forest structure represents the distribution of tree characteristics
within forest ecosystems, encompassing factors such as age, size, and species composition.
Analyzing this structure is essential for effective management and biodiversity conservation, as it
guides the selection of appropriate strategies for forest sustainability. Furthermore, stand structure
serves as a key indicator for assessing forest quality, wildlife habitats, and environmental values.
Various methods are employed to measure forest structure, including nearest-neighbor indices,
which analyze spatial distribution patterns and tree dimension diversity. Numerous studies have
explored forest stand structure across Iran's diverse vegetative regions. Therefore, this research aims
to collect, synthesize, evaluate, and summarize all existing studies in this field, with no time
constraints, up to the year 2024.

Material and Methods: This study presents a review of published literature on the structure of
natural forest stands across Iran's diverse vegetative regions. Comprehensive searches were
conducted in national and international databases, including Scopus, Magiran, Web of Science Core
Collection, SciELO Citation Index, SID, Google Scholar, ScienceDirect, and Biological Abstracts.
The search encompassed peer-reviewed articles in both domestic and international journals up to
2024, without time constraints. Key topics included the effects of physiographic factors (elevation,
slope, and aspect) and management practices on stand structure, forest structure quantification,
species diversity, species mingling, and spatial patterns of forest stands. A total of 97 articles were
analyzed, consisting of 47 studies from the Hyrcanian (northern) forests, 4 from the Arasbaran
forests, 40 from the Zagros forests, and 6 from the Khalij-Omani forests. These studies were
systematically collected and synthesized based on vertical and horizontal structure indices, species
mingling, homogeneity, physiographical influences, and the impact of anthropogenic interventions
on forest structure, with findings organized into distinct tables.

Results: Results from studies utilizing nearest-neighbor methods revealed that spatial patterns in
the Hyrcanian and Zagros forest stands—dominated by Beech and Oak, respectively—are not
entirely identical; however, most cases exhibited a clumped (aggregated) pattern. In contrast,
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Hyrcanian stands dominated by species other than Beech showed random or intermediate (between
random and clumped) spatial patterns. Similarly, other structural analysis methods predominantly
identified clumped spatial patterns in both Hyrcanian and Zagros forests. Vertical structure across
the Hyrcanian, Zagros, and Khalij-Omani forests did not follow a uniform trend, with the highest
and lowest number of canopy layers recorded in the Hyrcanian and Khalij-Omani forests,
respectively. Furthermore, most studies employing nearest-neighbor indices in the Zagros,
Arasbaran, and Khalij-Omani forests reported low species mingling and a homogeneous forest
structure. Analysis of physiographic factors (slope, aspect, and elevation) on non-spatial structural
characteristics (DBH, height, basal area, crown area, and tree density) indicated that while most
studies observed an increase in these indices on northern and eastern aspects, they tended to
decrease with increasing slope and elevation. Additionally, the majority of research highlighted that
management practices and anthropogenic interventions negatively impact the non-spatial structural
characteristics of the studied forest stands, with the exception of tree density.

Conclusion: This review demonstrates that the horizontal structure of forest stands across Iran's
diverse vegetative regions is significantly influenced by both natural and anthropogenic factors.
Structural analysis of Hyrcanian (Beech) and Zagros (Oak) forests reveals a predominant clumped
distribution pattern, largely shaped by ecological factors such as seed weight and patch
regeneration. Furthermore, low mingling indices and tree dimension homogeneity in the studied
areas suggest intense competition or advanced ecosystem degradation. Other key findings include
the more complex vertical structure of Hyrcanian forests and the heterogeneous impact of
physiographic factors on structural attributes. While forest management has positively influenced
tree density, it has adversely affected non-spatial structural indices, highlighting the urgent need for
strategies such as selective logging, preserving patch-based structures, and developing specialized
conservation guidelines for sensitive regions, particularly the Zagros. Despite the limitation of
temporal data, this research underscores the necessity for future studies to incorporate modeling for
structural trend analysis and meta-analyses of forest stand structures.
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Table 1. Horizontal structure, mixture, and homogeneity status of Hyrcanian, Zagros, Arasbaran, and
Khalij-Omani forest masses
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: Clark and Evans
Random
Index
oga | SEIES sl perld
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Clark and Evans
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Pyl s SO atls
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el o slas BIEESY Clarklirégfvans Farhadi et al.
Heterogeneous Low Clumped Persian Oak il I L (2014)
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4 bl oslas
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oSl sk ' BEeS S ESS asl petls Babaei et al.
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Heterogeneous High tending Hornbeam uniform angle index ( )
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_ 23ledids G en
oS S ol Hornbeam, 0.53 S eSS 4l e ls Alijani et al.
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Continued Table 1.
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Index
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oNer ] ol ol uniform angle Sefidi et al.
Homogeneous Low Regular and Juniper - index : (2018)
Random Hal s S5 ezl
1.05 Clark and Evans
Index
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oen 5L ol Sl e uniform angle Jafari et al.
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! Clark and Evans
Index
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(THD) ooyl 5ls - Sl 520 ad S T A TP
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Index
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oSen b g slas ol 28 0.7 Ot Dehghan et al.
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Continued Table 1.
a2, b
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LS 40, o Ebrahimi and
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Clumped Beech Different indices of sample (2013)
plot method
s3las —glaS ) -
_ _ < c b bk &b Rahimiyan et al.
Clumped- . - . (2014)
Random Beech Ripley's K- function
B B slas o O-ring oLl Nouri et al.
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7T oS sl ) O-ring oLl Akhavan and
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B B “’M] LZ ; = ; 1 sk &b Vahedi et al.
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_ _ slas o O-ring )Ll Akhavan et al.
Clumped Juniper O-ring statistic (2017)
s3las —glasS
B _ “5”1 i ; b sk &b Alavi et al.
Clumped- - . (2014)
Random Wych elm Ripley's K- function
‘))LAJ\: ‘Jb}j.'
_ _ slas I bk &b Khanhasani et al.
Clumped Persian Oak, Ripley's K- function (2013)
Aleppo Oak,
Lebanon Oak
ciles glaas S S e sla e ls
_ _ slas Lk 4 gasaskas Basiri et al.
) 2006
Clumped Different species Different indices of sample ( )
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53las —glas 3yl
B _ “fu] i JTJ e )]: sk &b Biabani et al.
Clumped- Aleppo Oak, . , . (2016)
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=z 55las —glas . -
OSen _ - . Jss O-ring . Ll Akhavan et al.
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Random Aleppo Oak,
Lebanon Oak
i i slas BT O-ring oLl Karimi et al.
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Continued Table 1.
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B B slas D13y bk &6 Pourhashemi et
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Slas etk O-ring o L7 Omidvar
- B Chestnut-leaved . . Hosseini et al.
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uj: 9 alises L;Lh u..a)—l.«.l
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quadrate method
s ;T:‘ 9 il LSL“ u.a;-l.&
_ _ slas s S gelankes Gholami et al.
cl d Mediterranean (2018)
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plot method
o LSuu:‘}) il LSL“‘J""U‘
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Continued Table 1.
a2, b
Other Methods
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Diameter Structure Species 5 y :
Differentiation agros Forests
laS Sl Lk G
- - . . s Sohrabi (2014)
Clumped Hawthorn Ripley's K- function
(TDi) (s k3 s T
. o Bl i w8 g
. . - = - b a N
(THD el pls Sl :w.) . Do . Sl s R Slas
Height and . orizonta ominant . - )
Diagmeter Mixture Structure Species Structural Analysis Method Khalij Omani
Differentiation Forests
oS > - |~ ok Sl Danchkar and
Homogeneous Low Gray Mangrove line transect Jalali (2005)
oS > - |~ e LSS Safai Isini et al.
Homogeneous Low Gray Mangrove line transect (2006)
= L < o -
O oS _ S e S Danehkar and
Homogeneous Low Loop-root line transect Jalali (2010)
mangrove
oSeal b5 _ L~ b oSl Jafarnia et al.
Heterogeneous High Gray Mangrove line transect (2013)
oSasl _ glas Ol L bk &b Zolfaghari et al,
Heterogeneous Clumped Desert Teak Ripley's K- function (2022)

@L«&j@})w;‘j (S5 e uli’},dl.m;};' o508 Sl wy o =Y Ul
Table 2. Investigation of the Vertical Structure of Hyrcanian, Zagros, and Khalij-Omani Forest Stands

s 30e bl
Vertical structure i [ EPAY f. Rt Sk Rt
) 03 55 I ol 51 slows i
() o255 e ol Domlpant Forest name Authors' names
Dominant stand height Number of Species
(m) layers
335 2 o S d Hassani (2023
' Beech Hyrcanian avan and Hassani ( )
>35 4 S S Nouri et al. (2015)
Beech Hyrcanian
2| \$
- 3 o oo Amini et al. (2016)
Beech Hyrcanian
2| \$
>40 3 oo il Habashi et al. (2007)
Beech Hyrcanian
| <
145 2 ©22 oo Mahdiani et al. (2012)
Caucasian oak Hyrcanian
| S5
8.4 3 s S Zafarian et al. (2023)
Persian Oak 7.agros
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Continued Table 2.
Ss30e Ll
Vertical structure i R FPVAY < Rt St 5 Rt
) 03 5 e ol S1slass i
() o258 Gt ol Domlpant Forest name Authors' names
Dominant stand height Number of Species
(m) layers
J $13 . .
4 23 i oA Zabihollahi et al. (2021)
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g 5
10.45 2 Sl oA Kiani et al. (2020)
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5kl o J§ 13 Mirzaei-mollaahmad et al.
12.40 3 201
Aleppo Oak Zagros (2015)
| S\
<4 1 s oA Pourhashemi et al. (2015)
Persian Oak Zagros
| los ol
7.35 1 - s Jafarnia et al. (2013)
Gray Mangrove Khalij Omani
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Table 3. Investigation of the Impact of Physiographic Factors on Non-Spatial Characteristics of the Structure of Hyrcanian and Zagros Forest Stands

Sl S 8 slhaasiie g5y BS 55 belse 36
Impact of Physiographic Factors on Non-Spatial Characteristics of Structure

o3 e 3 plis) e - o sl
. L (SR
Elevation Above Sea Level Direction Slope ' S e
sl sl S Dominant i
26 e gl ) ) 26 (e _ ) £b o o ) ) Species Hyrcanian
ol - s gLl S8 ol s . e gl b ol . e gl b Forests
Crown Heicht  Diamet Crown Heicht  Diamet Crown Heicht  Diamet
Number Area Basal cig 1ameter  Number Area Basal clg 1ameter  Number Area Basal cig lameter
of Trees Area of Trees Area of Trees Area
. . . .. . Pourmajidian
- |
- _ _ _ _ Wt Bt BeE WSS ek - - _ _ _ o and Moradi
Western Western ~ Western Eastern Western Juniper (2009)
(e e e e e e Ot Oep Oep s st e e e e o Mo g(})lr:;g;m
Negative Negative  Positive  Positive  Positive  Ineffective =~ Western  Western ~ Western ~ Western  Negative  Positive  Positive  Positive  Positive Juniper etal. (2012)
L 5y
_ e e e e B _ _ _ _ _ _ _ _ _ ) Jf"c Fallah et al.
Positive ~ Positive  Positive  Positive Tur‘klsh (2016)
Pine
. .. . .. ot ot G) Js . . . . o Hassanzad
s _ Wl W el _ _ + 53 W _ L L —n N di
.. . . . +) +) . .. . . Velvet avroodi et
Positive Negative Negative Negative Northern  Negative Positive ~ Positive  Positive Mapl al. (2017)
Northern  Northern apie
S5
i ke i . Hosseini and
b - o ’ o - - - - - - - - - - S Aghajani.
Negative  Positive ~ Negative Caucasian (2017)
Alder
B .
;- ;- ;- .. . Naderi
o - < o o - - - - - - - - - - o5 Varandi et
Negative Negative  Negative  Negative Eastern al. (2018)
Cottonwood
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Table 4. The impact of management on the non-spatial characteristics of the structure of Hyrcanian, Zagros, and Arasbaran forest masses

sl JKAJ& Sladasia

Non-spatial characteristics of the structure Sl gad gy S e w S S n gls S
Ol s sldas - alade mlas L TN . . Sampling Dominant .
M c > gLl s thod Management type . Hyrcanian forests
Number of Basal Crown Species Volume Heicht  Diameter metho species
Trees Area Area Diversity &
a;.:.fv) o.l..irﬁ,.iji.\.n
, . sslas o Jata § yos = 5
oo Ce : b < e ST
- 6“ = d - - systematic (s Beech- Anissi et al. (2010)
Positive Positive Negative Ineffective random Managed (single- Hornbeam
selection system)
a_}:.j:) O.L:Jk:,d"ﬂuu
- . .. Ao )3 e . ..
S _ _ _ _ S s (oSS A Rahimiyan et al.
o . . full-callipering ) 2014
Positive Positive  Negative method Managed (single- Beech ( )
selection system)
ailaie) oSy gk
A6 st _ B st _ ol &”t ('i‘“‘ (s ol Yousefpoor et al.
. . . iy systematic 2015
Ineffective ~ Negative Negative Positive random Unmanaged (control Beech ( )
area)
°}’:‘j") o.L:/C,.iJ.iJ.A
b .. . . y .. olal ol o .| Hassanzad
i ™ - ™ ™ ™ ™ systematic (2SS o Navroodi et al.
Positive Negative Negative Negative  Negative Negative random Managed (single- Beech (2016)
selection system)
(L;"‘Li o}:.i') o.)...;;:,.iﬁ.,\.a
o e _ - st = = < rlw Managed o Rezaei et al. (2016
. : . : . systematic (Shelterwood Cuting) czaei et al. ( )
Positive Negative Negative  Negative Negative random g Beech
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s (s _ _ _ st st S rb (e sante) GJM_;_CA"]&J“ o Esmaeilpour et
Negative Negative Negative  Negative systematic Managed (traditional Beech al. (2020)
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ot _ _ _ e s S e (25 ) eddc 2 b Ko Parsakhoo et al.
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Positive Positive Negative random system) Alder
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Negative Negative  Negative Negative  Negative Negative Negative callipering Managed (traditional Aleppo Oak (2015)
logging system)
ﬁh«a) a.).,i.'.qﬂ.u
_ s s s _ S S bt CSl g (dals BIETY® Eildermi et al.
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