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1. Quercus brantii Lindl.
2. Quercus infectoria Oliv.
3. Quercus libani Oliv.
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4. O- ring statistic
5. Pinus Koraiensis
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1. Random
2. Disperse
3. Clump
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2. Crateagus azarolus
3. Pyrus glabra
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1. Quercus liatungensis



V0¥

" N
A A
L
a3 5 (e
45°30'0"E 45°45'0"E 46°0'0"E
36°15'0"N 36°15'0"N
N
€L Ol g A
36°0°0"N 36°0'0"N
o 5 10 20 30 40
35°45'0"N e 35°45'0"N
45°30'0"E 45°45'0"E 46°0'0"E

B w3 Aiged Olalad (iS4 Coridg g (gudiod dllais L) JSUS

DS BG] g ,USASy Kigad Olakad Olasedie 1) Joua

Y ywlo ) jwlo 03 5omi  guaw  aSly 2340, ashd ol
Sljaly g a5y Slsals Sjab gasls  olaly ok sl KW
e S oy T e bl co
VY - \os - VY - WOA WY Ve (i) by e ) gl
vy 7 o ¥ Y. ¥ (303 s

Gl o iinSS Kyl 6ol 51 el K b Liles
s lS (plan) Laas S st o S osls oL
DS sy o geas O 6 pite g3 S 5l 5 (Gt 55
S 3 g e oolined T (6 pyplane) (5 SUIL Ol e
St s pdupplazl b e s ) 01 05
s (andls) o 5 (IoNl) Jlise 1 05t o )
i (San 15 LK b L S bl 53
Dgd e dsles VBl Dy pon &S 55 BLSSIGg
On =49 ©
oSS A Sl 8 eSS 8Ll O ey el 53

&—»-“M) v—"vv' L;:_"'M CU Jo s (Ck,.u .l:-\} S sldas)

1. Attraction
2. Independence
3. Repulsion

Koy -9l 5, ll
S S s 53 (Ogy) K5l 6L 5 eslizadd
L@uﬂgiu_upjh;ﬁchuj\;@
GL?)JJ{U; Slra Kol s baadl> 6,515 el
MM‘ﬁJJ_&‘MJQ\)GJDTﬁ‘cK
Ll sliss olal L s Kol [P] 55l e el s
;_élj_laljarcl&_.iL_g)_iU: J=15 55 55 50 (Ol 53)
qu@t&@_@mﬂbiuug\jslus@y@
3 S S sl plis s bla S oMbl 5l S 5
slias Jae sme o Sl l] lal 3 g dalt S5

[\Y] k:».w‘ c.lﬁ:‘-;w‘)ﬁ :\)JG.E J}‘J DL L.SJSJ"‘ Lu.:



VoY

Ol S &L K slrodgs ;5 bol §65 dw (glaisS oy culdy 5 (uiSTy (565

Sl (i 350 dalad S S o b ai b
e Sl o riags Bl sy 53 Jus 3550 hsls [V ]
O 5l G Jol s o Ol il Jl 150 200 6
Jeme i a8 Lol [NV ]ty o 5555 0 S 4 jo
DS A g dan B8 0l s Jhagy » B B S Ol s
AU G Ol s gy e 158 Ok s
L bsh §85 0l ps O clnles 53 NV] Ll Sl
08 Ol 53 Ol 5 il @ gad ankad a3 2l Jlsl 3
Ilas e S s e (V Jgdr) S I3 L bk
Jp,_kfot_:}ﬁ@w@,: Sl bl eslizad 5l e
Pl 2555 5 2Ll o 20 5 (S gas andad s
Ol Soslial L Lgl mss o Sen sy sy
b Slls don A5 oy B 5 e85 S 5l S
Slesli Ly Sy sl sl sl i

W55 plenil Yo+l Programita i sile

oy mli

e i o s sl dadad i s s bl
Jad) b jas de Sladad ) Gl S S 5 iash
YAY s jay Ooladad -l 5o laal sl &S 5 ads (Y
s oS ol slaas S s e s 4l VWY g
byl i 51 dsss 5 Soasle Olagm 858w Slalas
58 93 sl eslanad Ll 5 Jais Slawloes 5 oS iz g
224030 5l S (S5 L ey DS 5 SIS ol en
23 1SS S Cdean a8 Andls g addol ilelad
(Y Jod) s esls dbms liwla

w2l 0 = 4 3l Sl (658 53l (b K
Oppy <A 51 aksbs 3 las X dasilii o > 2
el S 5S  de (g S biasOl

DLl 35 50 314 O, ) o ane s Syl 3500 s
Sl S 05,8 ol g ods dhais S Aol 53 9305
e, S 5ok S ss sl Opry = A ST daly)
AS L ls e BlEme S 0 5 il Jie s 31 Ol
P P
(B 5 50) bl S Suasplis (il Ow(r) > A
3ymg) asdls ol il O ) < A, Sy el
s e 0L 1 0 S 93w (Su)
Ow(r) = ﬂvgw(r) ™)

Sy =l o i ss 5Ll O,y calarly ol 02
Oy 2 £32 035 (gaw 2ls 3 olaad) (ST 4

sl Kw(r) &b G
(Sl mime N a5 i (5,5 O 030 (4l

L asta Jieisl a5 Oy ) 5 Op 3l ol ol
2lie S Sy 53 3t alie IS g0 (il
Do ,S S, P S g0 b3 e s 5o O\v(r) s0p
O_l\d&?))_aﬁjzj_.iv».kiﬁbwugﬂ);}wub}
UPu,ijé.,uﬁfj\)éjb&c;’}nés},\mjlcjuﬁ:m
L sl 50 (st S A3 Gl 53 52 e
el LSt sn (hasa ased anlad o 53 5 g0 (Glaesls
oasein oozl 65 S as e ol sV a= b s S
Sl bolel amaloms (sl as 3550 Hsls 3y

J}—Mﬁ)}bﬂ‘d&bd“uwﬁﬁ)bﬂa' ga‘/.:;.:.ﬁ&s

BAwICud 3 (6 USAS Wiged ilahad glaigS CuS 5 Y Joia

CHs5 cuS 5 S5 olani TS S Jgge dumi Idgile dlumi lagp dlasd askd oU
Mgile—Joss YAY A Y WY - 830 )|
Jscgs—bsjle Y f YV Vo 3 sl

Pogile alls Yy Ve ) VA A Piges

ile =l MA 5 Y ¥ oy 53595
Jssg—fosile XY v Ve V¢ Y jle
Jagp = bgile WA \0 A A ¥ jule

iy (D 5 SU Jels



wyay L)L“““"L’ Al E)Lom A 3)53 ‘u‘)JI L;u...‘o GJL.A :\l?bo 9> dlﬁob)si)é 9 Jio

VOF

ijadﬁ&ﬁﬁ@‘ﬁ@ngfém«ww

ol 5 3-8l ol

FOW PRIN

YAFALR0D
s
ragAdy-
i
YAFALFO
YAFAAY -
.
YAFAARD
OFAYON OFAYAY OFAFAA OFAFON
(RN
TAVAAY - d
.‘c A ey »
s "o, .
] sk e a w
. Lt te =
YOAAST L A .
u
- L] L] L]
“ Aoy H -'.r-‘
i om
.
FAVAVS + '._ 4" - -
i
.
& ~. N -
LAt e h
FAVAYTE s
2
o,
i ‘.‘A ’"
am " ‘
YaVAVY +
aviovF AT Y AV aAY AVAFVF
Y b
FAVATAA "
" Tam
A4 A& =t
it
r 5, “f
&
voarer] 27 S aa T A w A L
i A, AS i
& £n
o t . = .
e s .
A & & a2 A | -
-
A R YRR N ‘\
.
i & i
" o= "o L
' - sy
- * -
ravATAY w. R R
"L n [
e
i
A
TAVAIAA
QVFFY OVF-30 OYFATR QVFVFY

e il U e S S8 i
C—'\_a,é-'lm u»\_.w‘f o.L_.La_..u)f QL_JJQBJJ Lj_.lu

vl

ol & 5 -] Claise

b _gwy g0 ilalad 43> bl LA 40 (6 5 4148 Comdg .Y JSG

Yavoaor
ARYATA PN
ARYA
YAVOAVA
YAVOALY
OVYATY QVYADF OVYAAA [ARAA
A
YRMY PRI L s o ia =
i a A &
A 4 ‘“ Y Aok, s
A
P i
n = & Ais
YRAAYTY I Y W R L d
aade St LA
& P A
Y O - S "
an 4 4 oaa A a4
i 44 & i
TAMYAET “ R i
Y "
Ery A & A Y
M ogha Ty AR Y
i n LI i ' Iy
Y t A oa S
YAAATVY - '] AA “
LY " AAAM
L e i Ay
TAAAY FF
QAFs ¥ OAF YV QAFVY OAFY ¥
v peka
VAT B 2 2 2 n 3
- = Iy
5 s -
* A
YAVALF - .
' 4,
L. N
A
A A
rwiorol o . ’: .
“ - .' “ ‘a
Ty
iy . o LY A L e
& '
TAVAON+T u ey, WA L] P
1 L i . ah a
=
“ 2
Am i A e
TAVAFAD =
avoary QYoaY - QYF«-¥ QVF-YY
Lozal
[ ]
- sl
-



YO0

Ol S &L K slrodgs ;5 bol §65 dw (slaisS oy culdy 5 (uiSTy (565

S L s 5l ed o dalad 23 8
e S S G el )3 85 (gy5bas (AS 0 S5
@14 5 5l eddedalin (g SN (g0 10 Ahsls b Sl

Wl slas g 5l Oty ST S O Sl e

Ky ol o pitogs b1 s
L labyl gl S om cul, 5 bl 25 ¥ S
Laculby oy 0 45 Koyl 6 o s 3 bl 51 oslizadl

s 0 LS ols 5 o ) o Dlakad s

[y ... iy =P

-----------------------------------

Sty ol 0 pitio 5 6Ll

Ky sl & piieSS 8 bl s
(3 4S 31 QL G5 el =8 S5 ol S 0ol
Glra god aaba 53 byl Ol s w55 b o Kes U5l
G ol 3 ool ol (P /00) 5 )6 Cllas 0l )
S s Y s s sl Sl Sl 5,
s o QLS |y el Dlalas 3 bl Ol s

Solal 5, 32e S la 500 a5 LT3l 5 K8 w55 L
B3 ds s 53 s Sla e i 53 Syl
by ol s LS (ST ool 0 w3l 5500 5

() alold

b ow g 9 Olalad 40 bl LS 45 G691 Y S
Bagusme 31 Wil U lee 45 (pWML K 4ol Bylol )51 s oo (Ui 1y o )5 g0 Bagume o bad g Sy 5= g1 bylo] 13505 Wieo had)

(352 1y3 SISy 5 (3L o SIS o et K0 g5 0,5 18 5 ige



WY Lol o 5less ¥ 550 ) (ombo @olio Alme cge (claod gl 6§ JKin \OF

winY
\ Jsss —lsaile a8l
winy
. 0 \ Yoo ¥ Yo r Yo £
3 . . .
ey (flize 28 gu) Sl yalls :glues
EN
m
o)
9
iy

gl ¥ ol

vy

PEPE RN T RIEPEr]

(o) alolé

b ow g3 olalad 43 Labogly gldigs o Culdy o Julie S ¥ JSUS
390 )l ;‘xg‘b li u‘{,o )» ‘,SYb &g‘)—’, ;b)lni ;' f.\éb‘s‘o QL“"’ |) 5])‘59090 390 u:é-]ab 9 &igd —5' sb)‘-oi )‘550.3 Moo ]a;)
(352 8153 axils g Jituws il £ 51 blio B8 3.8 18 9,15 e

5 e Ll 5 S alSa s (Ko o e
55 Al ks Lol Slaclss | sl Il ke
DVI S oo Joo 00 oslial Cavnay Ot 3 2iST
N oty S S Sl ilie 53 SN 005 laS Ll
53 laydl mi oS ol 0T 281, Cussdons 5 bl 50
Leloly 5 ala 55 53 5 okd asiu; 50k Ol
S gla e 53 5 Ol C2dS L Lol g o ome
e ol 5 K500 o 5l U ol 1 gl S
AUty st K U spi sl Ll
sPetritan Clidss s las o S sl s Ll S
5 (T9) 0L Sas 5 Biabani «(Y+)¥) ol Saa
M A] el sk o,Lal 58 (YY) O 5 Akhavan

A.X_.;Lﬁ_w)j CJL-&B )\ Lﬁ_.:.ou d)ﬁ de}-u m‘ [\/\

o ST d e s el oS 3l 5 Y S5 4 g
83 9dmme s 3y sla el iy 53 S,
RS 5 ol S (s Sl el @3l IS 5
O3 b s 50 5l ol gy bl 855 av g il
o3lims oy ;K5 O lews s sbas blie S
b sy s ey Oladad ul s s glaal
Aol U o S8 S olde 13 Y 5 jule dakad oo
Dol 4l g5 55 e Jlie (1S (5 0
ol ) Slalad i O35 sl 4 e g L
Sy Loy 51,y 680 03y ol 015
Cmlo a5 Ll sk Al o s by K oS 5 S a5
o S 03 skl men I L g5l Ol 5
Loz s b gt oS1 5 5 Sl 30 oy, Son



OV okd,S Bl IS claodgs ) bl &S duws claisS i <ol 5 (28T 255

X5 e dadad 53 3 5 i 5 S e SH SIS
oS el 3l 5 () e g5 ) Blie (5S
by a5 a5 tas o 0L w3l b izl Jlize
Sole slaa¥ b anils i loyy sbajls sdd o
Laas S Il poman [Y0] Wles S Jlil 1 (K
dupr_at_@;hww},n,; o s S
L8] Al &e oa 515 L0 (g 50le Ol 55 Lule 4 (3L

& S 4o
S @SS ol 0L syl el IS ke
53 0l oy A ges lalal s b L oLt s IS
5 uleS (a0 Aol U Shi) S S la el
63531 aS sl OLE s e .l (oLl s
At s b sk 655w e (1S5 26, S
el s e Joline S 000 L i £ 55 )
53 = slaal ol e SiBy S0s Olew
S5 gad 0 dyd & gas Doladad -

aw olal =gl bl SRS1 5 s
A4S ey o B e s glaes s s bk 6 S
Lb s b iy sl el ey opl s s <58
L 5 il ol e o550 ol —glaS (o801 Lo L
OS5 Sl G sl e SB, 05 4
Ll Ga b (50 65 2 (Guid 4o 2 53 b3k
3 Sl ales bl b Kl sl s
0355 S o0 U a5 5, ST 515 5,8 el

Al Gl Bl e 55 er 5 250 e

References

B35 Sl = %3 5 el (Ko 55 () Jr)
[T 08l S8 glauliie 3 Sl s ST (6531

e Lyl s e Y S 5 S a8 S0les
Oliis i S oo il 58 g 5 o) oo
S 5 58 g0 i 53 s e b 6 S0
(s p e 003 S LS (gosba Y T Lles S
Al et sl S Sl Jsans 5 sbay S
G sla LS 55 (Y419) 0L s 5 Biabani
Jsss 5 asile Ol s S 680 55 o s8 Obmldl
5 selans (el b ss) S s8 sla b 53 1)
s (4]0 3 e olal S5 sl e
by wsal 855 SO s (YY) 0L 5 Karimi
Lo elade 53 Glal sk 655 gl oliile S 0L
ol 52 5 glas 6 (e P b slas) S S
G 53 a8 [V] Ly i3las (5801 & 33
slan gy syl ctlhas bl S CLU L
Sy s U e K 53 (V1Y) 01 s
Ldlg e a8 L jasie B 2t pn 885 Y K
2SS LIS S pelde 5o gl S ST gl
DT 5550 edalie 5555 laabide

Sy = sl & e s (sla s i s (55 )
g 3 sl s S aw ) ol (5S l oS b Ol
(206 She) S8 la e s ale o b i
Sy K e (F JS8) il 55
252y s o S 51 bl i ol o (gl e

)LSJJ Wb@L})J&JJQ}LQL})J u_:‘_}b)‘.,\;

[1]. Fattahi, M. (1994). Study of western Iranian Oak forests and their main degradation causes. Research
Institute of Forest and Rangeland Press, No. 101. Tehran.

[2]. Hao, Z., Zhang, J., Song, B., Ye, J., and, Li, B. (2007). Vertical structure and spatial associations of
dominant tree species in an old-growth temperate forest. Forest Ecology and Management, 252(1-3): 1-11.

[3]. Wang, X., Ye, J, Li, B., Zhang, J., Lin, F., and Hao, Z. (2010). Spatial distributions of species in an old-
growth temperate forest, northeastern China. Canadian Journal of Forest Research, 40(6):1011-1019.



WY Lol o 5less ¥ 550 ) (ombo @olio Alme cge (claod gl 6§ JKin LY\

[4]. Bieng M.A.N, Perot, T, De Coligny, F., and Goreaud, F. (2013). Spatial pattern of trees influences species
productivity in a mature oak—pine mixed forest. European Journal of Forest Research. 132 (5-6): 841-850.

[5]. Duman, T., Trakhtenbrot, A., Poggi, D., Cassiani, M., and Katul, G.G. (2016). Dissipation intermittency
increases long-distance dispersal of heavy particles in the canopy sublayer. Boundary-Layer Meteorology
159 (1): 41-68.

[6]. Wiegend, T., and Moloney, K.A. (2004). Rings, circles, and null-models for point pattern analysis in
ecology. OIKOS, 104(2): 209-229.

[7]. Karimi, M., Pormajidian, M.R., Jalilvand, H., and Safari, A. (2012). Preliminary study for application of O-
ring function in determination of small-scale spatial pattern and interaction species (Case study: Bayangan
forests, Kermanshah). Iranian Journal of Forest and Poplar Research, 20(4): 608-621.

[8]. Omidvar Hosseini, F., Akhavan, R., Kia- Daliri, H., and Mataji, A. (2015). Spatial patterns and intra-specific
competition of Chestnut Leaf Oak (Quercus castaneifolia) using O- ring statistic (Case study: Neka Forest,
Iran). Iranian Journal of Forest and Poplar Research, 23(2): 295-302.

[9]. Biabani, K., Pilehvar, B., and Safari, A. (2016). Comparison of spatial patterns and interspecific association
of Gall oak (Quercus infectoria Oliv.) and Lebanon oak (Q. libani Oliv.) in two less degraded and degraded
oak stands in northern Zagros (case study: Khedr Abad, Sardasht). Iranian Journal of Forest and Poplar
Research, 24 (1): 77-88.

[10]. Erfanifard, Y., and Naziri, F. (2017). Comparison of Ripley's K, pair correlation, and O-ring functions in
spatial pattern analysis of Christ's thorn jujube trees (Ziziphus spina-christi) in Fars province. Forest and
Wood Products, 70 (1): 1-9.

[11]. Akhavan, R., Momeni Moghaddam, T., Akbarinia, M., and Hoseini, S.M. (2017). Spatial patterns and
intra-specific competition of Juniper tree in different life stages using O- ring statistic in Layen forests. Iran.
Forest and Wood Products, 70(1): 111-125.

[12]. De Luis, M., Raventos, J., Wiegand, T., and Hidalgo, C.H. (2008). Temporal and spatial differentiation in
seedling emergence may promote species coexistence in Mediterranean fire-prone ecosystems. Ecography,
31(5): 620-629.

[13]. Marin, A. (2011). Spatial analysis of a mixed beech, spruce and fir stand in the eastern Alps. Master thesis
of forest and environmental sciences, College of Agricultural Sciences University of Padua.

[14]. Cheng, X., Han, H., Kang, F., Song, Y., and 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.

[15]. Miao, N., Liu, S., Yu, H., Shi, Z., Moermond, T., and Liu, Y. (2014). Spatial analysis of remnant tree
effects in a secondary Abies- Betula forest on the eastern edge of the Qinghai-Tibetan Plateau, China. Forest
Ecology and Management, 313: 104-111.

[16]. Kang, H., Zheng, Y., Liu, S., Chai, Z., Chang, M., Hu, Y., Li. G., and Wang, D. (2017). Population
structure and spatial pattern of predominant tree species in a pine—oak mosaic mixed forest in the Qinling
Mountains, China. Journal of Plant Interactions, 12(1): 78-86.

[17]. Soltanian, S. Heydari, M., and Khosropour, E. (2017). Spatial pattern of Lebanon oak (Quercus libani
Oliv.) in Baneh forests, Kurdistan province. Iranian Journal of Forest and Poplar Research, 25(3): 463-473.

[18]. Petritan, I.C., Marzano, R., Petritan, A.M., and Lingua, E. (2014). Overstory succession in a mixed
Quercus petraea- Fagus sylvatica old growth forest revealed through the spatial pattern of competition and
mortality. Forest Ecology and Management, 326: 9-17.

[19]. Lan, G., Getzin, S., Wiegand, T., Hu, Y., Xie, G., Zhu, H., and Cao, M. (2012). Spatial distribution and
interspecific associations of tree species in a tropical seasonal rain forest of China. Journal of PLOS ONE,7(9):
e46074, 1-9.

[20]. Hai, N.H., Wiegand, K., and Getzin, S. (2014). Spatial distributions of tropical tree species in northern
Vietnam under environmentally variable site conditions. Journal of Forestry Research, 25(2): 257-268.



159 Forest and Wood Products, Vol. 71, No. 2, Summer 2018

Spatial patterns and inter-specific competition of three oak species in the
Baneh forests of western Iran

R. Akhavan; Assoc. Prof., Research Institute of Forests and Rangelands, Agricultural Research Education
and Extension Organization (AREEO), Tehran, I.R. Iran

M. Khanhasani*; Senior Research Expert, Forests and Rangelands Research Department, Kermanshah
Agricultural and Natural Resources Research and Education Center, AREEO, Kermanshah, Iran

Y. Khodakarami; Senior Research Expert, Forests and Rangelands Research Department, Kermanshah
Agricultural and Natural Resources Research and Education Center, AREEO, Kermanshah, Iran

(Received: 05 March 2018 , Accepted: 20 June 2018)

ABSTRACT

Analyzing the spatial patterns of individuals and the interaction between them are essential for
understanding the spatial and temporal dynamics of plant populations. This research was conducted to
study the spatial patterns and interaction of three oak species (Quercus brantii Lindl., Q. infectoria
Oliv. and Q. libani Oliv.) in Baneh forests of northern Zagros region of Iran. Data collection was done
using six one- hectare square sample plots which randomly selected and fully mapped. Spatial patterns
and spatial association of different oak species were then analyzed using O- ring univariate and
bivariate statistics, respectively. Results showed that the general spatial patterns of the trees in total
and at larger scales were random, while at small scales was clumped at least up to 15 m. Spatial
association analyses revealed that there was no significant inter-specific competition among the three
oak species, where the spatial association was positive (attraction) at small scales (up to 5 m) or
independence at larger scales. It is concluded that clustered- random pattern is due to high forest origin
of the most studied stands, homogeneity of the habitat, and lack of interspecific competition among
the three oak species in the study area. Whereas there is no significant interspecific competition among
the three oak species, every intervention in order to enrichment and restoration of these stands should
be based on keeping clustered- random spatial pattern and making individual species mixture.
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