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Table 1. Description of the indicators based on the nearest neighbor (Pommerening & Grabarnik, 2019)
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Other species include Alnus subcordata C.A. Mey, Quercus castaneifolia C.A. Mey, Acer velutinum Boiss, Acer cappadocicum Gled and

Carpinus betulus L.
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Table 4. The average indicators of forest structure guantification in the development stage of volume accumulation
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Figure 2. The distribution chart of the uniform angle index values in the samples plots

Plot 1

Plot 3

L(11)y

L(11)

r(m)
> Sl Jgoo Al e 10 3a2 g0 805 (i 50 gl L al 8, ST lages -Y S
Figure 3. Univariate diagram of L function for living trees in the development stage of volume accumulation

T 0 s w15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45

T (m)



L(12)

L(1z)

- s jo e cuilil Jeou dl> e o (Fagus orientalis Lipsky) (il bz o (glaisS g0 culd, 5 S5 goX!

VY

Plot 1 Plot 2 Plot 3
2 15 25
S Versus M S Versus M 2 S Versus M _
15 1
15
1 ) )
a
= 2 e
-2 25
AT 03619 2 28 38 31 M7 A a6 1 47 10131619 22252831 34 37 40 & 464 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
r(m) r(m) r(m]
3 25 - .
S Versus L § Versus . S Versus L
2 3 .
1 - - z
a 1
2
= 0
1 .
2 - - Py "
3 = 314701169"’5283134374043469
14 7 10 13 16 19 22 25 28 31 3 37T 40 43 46 49 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 1o 13 1 2 2 4
T (m) r(m) T (m)
s 5 3
4 S Versus EL 4 S Versus EL
3 3 - 2
2 z ~ 1
1 -1
a S0
0 0 2
1 -1 - 1
2 2 B
3 3 T e -
3
-4 - 4 -
s s 4
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 1 4 7 10 13 16 19 22 25 28 31 M 37 40 43 46 49
r(m) *(m) r(m)
3 4 - 4
M Versus L M Versus L \ M Versus L
o 2 2
1 -
a 1 a1
=0 a =]
- =2 Y
S oo = 0
1
a 1
2 2 2 R
3 3 B -
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
¥ (m) r(m) rom)
5 4 - s
4 MVersusEL .- N M Versus EL B
- 2 3
L e N
1
s! s | a1
= 0 =0 = .
- - -
1 W\I\W‘ 1 .
3 LNPNPRA 2 ,
4 3 3
s " .

1 4 7 10 13 16 19 22 215 28 31 34 37 40 43 46 49

b d s b o = wowos oo

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49

r (m) r(m)
5
LVersusEL 4 LVersusEL
e et == 3 — P g
2
~ 1
s
f= )
= 1
2 |
= 3
________ -4 S
-5
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49

r(m)

¥ (m)

[ORp

P A L R )

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
r(m)

L Yersna EL

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
r(m)

gL M S Bg,2) o cislil Joos Al o j0 (6l G diged Slakad 1o of SCige 0gu> g L1z b Jloges - JSCs
Cr Rlie 1 gmy MVerSUS L Slie s jsld Lo 5 5 ol slee o ladeS (6,h8 il b jme iy EL
(ph3 b Hldlos (5, 2L (s
Figure 4. Diagram of L1, function in the development stage of volume accumulation (letters S, M, L and EL

represent small, medium, large and extra-large diameter classes respectively; for example, M Versus L
means the interaction effect between medium and large diameter trees)



V¥ WA G VFY fomio D FY sl ¥ 5 Lod emozily Jlo oyl S ozl ol JSiz Al

$lass5 g0 Cldy 4S 05 i o sbml Sy plaie
095y Gl o LBlato a8 0 il aya s
(Gray & He, 2009) sg—i o0 4555 po iz 0
Getzin et al. ;5 4 Oliver & Larson (1996)
JKz g palls &5 Saw; axs (pl 4 (2006)
o IS5 9,0 Sl aly Sl Ao )
g G0 LS S puh eSSy
S5 bl w0 Alipour et al. (2018)
Acer ) oSS dseal sloosg jo slasgS Slelois|
S J—Jo oluTyg 8 5o (Monspessulanum L.
S a0, plee o) 1) s ys plaie S
O 5 45 i 5 (sleeS S (slasSl IS 5sls
ey Wloo S gy ST (B0l ek 50y 91
Sl S| )0 eaiS3g0e Jslge 3929
Craz ;o Solal oSl a s Jlo 0o wn
slasllan b e (Kes dn 00y Slogrge
Ludwig et al., ) sls o il olsal e o lud,
E9 Jwoot donl ;0 g 0aiiSogame Julge 51.(1988
Sl e 5 (S1T85 9,0 W b Bl e o
(it Slss 5 Ol ) mlie i 5 2l o (sl
P Iy baydey jlacsl casgamme b olfiing) (2315500
(Haoetal., 2007) »
o Sl 3l s Siiel (L gl
ooy lpossi ;o .l lld ea b gy Loy
8555 12 ol (gl SlS o Seal oy 08
9= o bl 0g3 ezl nj 5o 698 ale i)
SrassS ogasa ;503 e wb) Ble U
boassS ddy 05t SRz (idazl n) 50 denyys8
slo Kool 5l Jol> slaaiig, ,o crwl Sas
byt gla Sia T Ly olieSasS (oanb
o a5 Wgi a e Gl oMo 5l 3L
5= o5 Wlgicee (Jo Al pe al o o8 (Sisl
ad> o nl )3 AB9El (o wn g ladidy; olass
i clrosgi b Lalls LSim laosg o ol
FSis a5e8 SO 1 eogT ao o Vel i oS

Gilises Slib cn Dolie Bline ol 56 F S
Al o o 00y S | ) Lo (5 5k
el s o 3 e e i e bl g
98 g ylad e s o Ly eSS (LS )0 digad
i b B8 (i 55 5 e 0 AL b Jolao
i Uy e e 31 ¥ AL b ok LS
L shdolee glis o @l poluly Geizen aitils
FaAoblcuiaul eV olekad o jghd s
ol il ado Uy saie lie 1 e Y 90
L jodad oz )0 5 jo-kd (s (LS00 b kB ke
S an g b b ubie don o jelad LS LS o
e 31 ) LS e Bg0ms J51s 13 ol (55,5
Sl o Jiase Kls a5 wolas las 6, lolixe
OIS (S e LS e wlgi e i el SouSy
owsls £5085 S ek

S8 dagly 2P ld (gom 5 (Sl ulisl
Sog—ad Byl g0 o Wi 2uST iy Slsl$ oS 50
s 53 Slslyp 5T 5 Consl ol oI iy alis
L ooasSTy oS ail conly Conn 3l jiien Jloged
S5t aalys S IS 55| ey 5 plica
il sas s mls Lell,y (Hui et al., 2007)
(g ol o By oS S Nl eSS
Jolge a0 GG 663wl cawody plate
loai_ g, (ST glacgsga e aiils il
Ol il 5 il il g Sz )o ealiolx]
o8y, (Kool ¢ 2135 ko Jalge uld) (559105
L ollag; canbial Lalys Sl s (L0 B
Haoetal., ) ool calizee glodiss Cud pw a4y a5
S Jdodss il oo phiie LS 5551 (2007
&l 55 5 M5 (9,0 Sul) ST 50 (rmb (pud
lT;l .(Halpin & Lorimer, 2016) aib ob; oldé
o909 phrie e Cold; by osgs (pl aS
S 5T ol s s S (655



v S i )0 e il Jgos dl> e o (Fagus orientalis Lipsky) (1) Ls o slaieS yg,0 culd, 5 SIS oo Vo

(Pommerening & Grabarnik, 2019) ¢l 530
= 0 PES lir o bal he sla S
s Lo e (09150 jlazsl 4 (sl o j culd,
Coles Jdoan e gla s Jolie o pls
I Smlen g Lasy 6 Sos 5 S0t I baiss
Sgsd yuiZred il Cfy Sl 350 e plo
L el alie slajls o9 Sl (Knros
slrosg 4 Sl 4 a4 L .(Ludwig et al., 1988)
o sl )13 el liasl) (o pwypm cod
oliad Ko b jhdeS (s o o ads dhal, Lol
s Lasls 510 GlasieS 9,0 <) lgse | s ,k8
A5l T S 5 SuialsST S e sla sialsS
ol aales lis Jelaie sla)lis, Lasglas
L b e ol | ado Jlise Sl saalive (pizeen
LI JX G =IO P Y PR - W U L 2= W
e (Akhavan et al., 2012; Cheng et al., 2014)
S5 ey oo g l3le sla Sy (o5
> o ol o 1S GLSG sl 5 s o

S Vo PR - 4 W

References

Js—ons ysbay o055 (Siseel (2l aie cans oo
A5 aS Lilyl 3o ol gl jo el Sl
9= () ey p S8 ddlate Baaas oSt Lol
Esmaeilpour & s joad 5 j90 ali o o]
b bk plore b (samg3y 5o Sefidi (2020)
o pdee oo gla Sz o i) sleesys LSl
&9 zaw b, ;o Farhadi et al. (2017) § oo
Eoi5 paxli jleslatul b G e sl K> o550
oarld A 5o 1) opline @S (oS 5 6 L
a0,S o)l S il sl i 5o (Siseed
Sl o a5 e—s POommerening  (2002)
el a8 a8 (o Gl byl 5 3, oz
SSe STy 5l o ke 0500, sl5sS
& By 855 Gl Jie sl 05 00 8 ol
il &S Sl 00l e slaST S (66N pils
a5 ples 5l plaal ) 455 ool hlen ()0
bl GlSe K4S ()90 50w JoSas
Saigs L aigl ol iy Sreol o bgly 4565
Dgdse K0

Sl ot Jole 350 olal 4 el oals b
Gl 2l oo 5 3,105 oo WU sy 0, p oS
Zhang et al., ) 553 ool ! J X Sl o ,uis
bgie S Jlazs| s qmbs bl (2001
9 LogS bl oS slass (vo d Cund (150 ola
Lo S o plie mlos ol (les s 4ol

Consl 008 3 iS55 Oy, L3, 89 y5camss

Akhavan, R., Sagheb-Talebi, K., Zenner, E.K., & Safavimanesh, F. (2012). Spatial patterns in
different forest development stages of an intact old-growth Oriental beech forest in the Caspian region
of Iran. European Journal of Forest Research, 131(5), 1355-1366. https://doi.org/10.1007/s10342-
012-0603-z

Alipour, A., Erfanifard, S.Y., Sadeghi, H., & Shamsi, S.R.F. (2018). Spatial structural analysis of
species associations in mixed Montpellier maple (Acer monspessulanum L.) stands of Zagros
woodlands (case study: Firooz Abad, Fars province). Iranian Journal of Forest and Poplar
Research, 26(2), 178-188 (In Persian). https://doi.org/10.22092/1JFPR.2018.116747

Amiri, M., Rahmani, R., Sagheb-Talebi, Kh., & Habashi, H. (2013). Dynamics and structural
characteristics of a natural unlogged Oriental beech (Fagus orientalis Lipsky) stand during a 5-year



VVF WA G VFY fomio D FY sl ¥ 5 Lod emozily Jlo oyl S ozl ol JSiz Al

period in State Kalate forest, Northern Iran. Environmental Resources Research, 1, 107-129.
https://doi.org/10.22069/1JERR.2014.1689

Besag, J. (1977). Contribution to the discussion of Dr. Ripley's paper. Journal of the Royal Statistical
Society, 39(2), 193-195.

Cheng, X., Han, H., Kang, F., Song, Y., & Liu, K. (2014). Point pattern analysis of different life stages
of Quercus liaotungensis in Lingkong Mountain, Shanxi Province, China. Journal of Plant
Interactions, 9(1), 233-240. https://doi.org/10.1080/17429145.2013.818167

Cressie, N.A. (1993). Statistics for Spatial Data, Revised edn. John Wiley, New York.

Esmaeilpour, M., & Sefidi, K. (2020). The Natural Reconstruction of Beech Stands Structure under
the Traditional Management (Case Study: Eshkevarat, Roodsar). Iranian Journal of Forest, 12(3),
435-448.

Farhadi, P., Soosani, J., & Erfanifard, S.Y. (2017). Evaluation level of tree diversity in the Hyrcanian
forests using complex structural diversity index (Case study: beech-hornbeam type, Nav-e Asalem,
Guilan). Iranian Journal of Forest and Poplar Research, 25(3), 495-505 (In Persian).
https://doi.org/10.22092/1JFPR.2017.112883

Getzin, S., Dean, C., He, F., Trofymow, J.A., Wiegand, K., & Wiegand, T. (2006). Spatial patterns
and competition of tree species in a Douglas-fir chronosequence on Vancouver Island. Ecography, 29,
671-682. https://doi.org/10.1111/j.2006.0906-7590.04675.x

Gray, L., & He, F. (2009). Spatial point-pattern analysis for detecting density-dependent competition
in boreal chronosequence of Alberta. Forest Ecology and Management, 259(1), 98-106.
https://doi.org/10.1016/j.foreco.2009.09.048

Halpin, C.R., & Lorimer, C.G. (2016). Trajectories and resilience of stand structure in response to
variable disturbance severities in northern hardwoods. Forest Ecology and Management, 365, 69-82.
https://doi.org/10.1016/j.foreco.2016.01.016

Hao, Z., Zhang, J., Song, B., Ye, J., & Li, B. (2007). Vertical structure and spatial associations of
dominant tree species in an old-growth temperate forest. Forest Ecology and Management, 252(1), 1-
11. https://doi.org/10.1016/j.foreco.2007.06.026

Harms, K.E., Condit, R., Hubbell, S.P., & Foster, R.B. (2001). Habitat associations of trees and shrubs
in a 50 ha neotropical forest plot. Journal of Ecology, 89(6), 947-959. https://doi.org/10.1111/j.1365-
2745.2001.00615.x

Hui, G., Li, L., Zhao, Zh., & Dang, P. (2007). Comparison of methods in analysis of the tree spatial
distribution pattern. Acta Ecologica Sinica, 27(11), 4717—4728. https://doi.org/10.1016/S1872-
2032(08)60008-6

Korpel, S. (1995). Die Urwaélder der Westkarpaten. Gustav Fischer Verlag, Stuttgart, 310p.

Ludwig, J.A., Quartet, L., Reynolds, J.F., & Reynolds, J.F. (1988). Statistical ecology: a primer in
methods and computin. New York: John Wiley & Sons, 317p.

Moeur, M. (1993). Characterizing spatial patterns of trees using stem mapped data. Forest Science,
39(4), 756-775. https://doi.org/10.1093/forestscience/39.4.756

Moridi, M., Sefidi, K., & Etemad, V. (2015). Stand characteristics of mixed oriental beech (Fagus
orientalis Lipsky) stands in the stem exclusion phase, northern Iran. European journal of forest
research, 134(4), 693-703. https://doi.org/10.1007/s10342-015-0883-1

Moridi, M., Fallah, A., Pourmajidian, M.R., & Sefidi, K. (2021). Quantitative Analysis of Forest
Structure at Growing Up Volume Stage in the Evaluation of Natural Beech Stands (Case Study:
Kheyroud  Forest). Iranian Journal of Forest, 13(2), 115-128 (In  Persian).
https://doi.org/10.22034/1JF.2021.136934

Oliver, C.D., & Larson, B.C. (1996). Forest stand dynamics. New York: John Wiley & Sons.



v S i )0 e il Jgos dl> e o (Fagus orientalis Lipsky) (1) Ls o slaieS yg,0 culd, 5 SIS oo VY

Pommerening, A. (2002). Approaches to quantifying forest structures. Forestry, 75(3), 305-324.
https://doi.org/10.1093/forestry/75.3.305

Pommerening, A., & Grabarnik, P. (2019). Spatial Methods of Tree Interaction Analysis. Individual-
based Methods in Forest Ecology and Management (pp. 99-197).Springer, Cham.
https://doi.org/10.1007/978-3-030-24528-3 4

Sagheb-Talebi, Kh., & Schuetz, J.P. (2002). The structure of natural oriental beech (Fagus orientalis
Lipsky) forest in the Caspian region and the application of the group selection system. Forestry
Oxford, 75(4), 465-472. https://doi.org/10.1093/forestry/75.4.465

Sefidi, K., Marvie Mohadjer, M.R., Etemad, V., & Mosandl, R. (2014). Late successional stage
dynamics in natural oriental beech (Fagus orientalis Lipsky) stands in Northern Iran (Case study:
Gorazbon district of Kheiroud-Kenar experimental forest). Iranian Journal of Forest and Poplar
Research, 22(2), 270-283 (In Persian). https://doi.org/10.22092/1JFPR.2014.10672

Szmyt, J. (2012). Spatial structure of managed beech-dominated forest: applicability of nearest
neighbors indices. Dendrobiology, 68, 69-76.

Zhang, L.J., Gove, J.H., Liu, CM., & Leak, W.B. (2001). A finite mixture of two Weibull
distributions for modeling the diameter distributions of rotated sigmoid, uneven-aged stands. Journal
of Forest Research, 31, 1654-1659. https://doi.org/10.1139/x01-086



Iranian Journal of Forest DOI: 10.22034/ijf.2022.317497.1828

Vol. 15. No. 2, Summer 2023 DOR: 20.1001.1.20086113.1402.15.3.3.0
pp. 167-178

Research Article anan sy o Frs

Spatial pattern and intra-specific competition of beech trees in the development stage of
volume accumulation in Hyrcanian forest
(Case study: Kheyroud forest, Nowshahr)

M. Moridi%", A. Fallah?, M.R. Pourmajidian®, and K. Sefidi*

L Ph.D. Dept. of Forestry, Faculty of Natural Resources, Sari Agricultural Sciences and Natural Resources University, Sari,
Iran.

2 Prof, Dept. of Forestry, Faculty of Natural Resources, Sari Agricultural Sciences and Natural Resources University, Sari,
Iran.

8 Associate Prof., Dept. of Forestry, Faculty of Natural Resources, Sari Agricultural Sciences and Natural Resources
University, Sari, Iran.
4 Prof., Dept. of Forestry, Faculty of Agriculture Technology and Natural Resources, University of Mohaghegh Ardabili,
Ardabil, Iran.

(Received: 26 December 2021; Accepted: 20 August 2020)

Abstract

Spatial patterns of tree species can provide valuable insights into forest dynamics, including processes
such as forest establishment, tree growth, species competition, and mortality. This study aimed to
investigate the structure, spatial pattern, and interactions of beech trees during the volume
accumulation stage of forest evolution in the climax stage of succession. Three one-hectare sample
plots with characteristics representative of this stage were selected, and tree characteristics, including
species type, DBH, and location, were measured and recorded for all living trees. The results of the
uniform angle index indicated a regular pattern among neighboring trees. The average mingling index
was 0.08, suggesting intense intra-species competition and a low tendency for beech trees to be
located near other species. The mean diameter and height differentiation indices were 0.36 and 0.28,
respectively, indicating an average difference between neighboring trees. According to the results of
the univariate L11 function, in sample plots one, two, and three, trees exhibited a regular pattern up to
distances of 7, 4, and 6 meters between trees, respectively. At greater distances, trees were located
within the Monte Carlo range. Based on the results of the L12 bivariate function, in all three sample
plots, small diameter trees had a negative interaction with medium and large diameter trees up to a
distance of at least 5 meters. Any intervention based on silvicultural programs should take into account
the preservation of the structural features of stands at this stage of beech evolution.
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