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Figure 1. The location of the study area




fO)Lo.::saJ.L?‘ ‘\i.}/dmijbjf ;o.l.cz.ohl.aﬁ :

bh) e aleasn 5 dals Oty wan o 5 Lol
S8 5 S a5 (o) plis ) am gl VIO <
> .(Nobahar et al., 2018) .& (5 8o 3100 () zb
sskedy AS gldols (gols ph g ki AY S
15 bl s gl s 3l ol s L3
A bl (S G anda 8 055 5 Aoy Ve
gl b bl sl (S5 Gla Shs e
sesy S Sl S slapasla 5 iy
(7 JS2) Olotys G SisTy S0 g5l sl

L sloes aikie

Boats NEXE
4 gadandad & Ohll sla K 3 255 K L
Sl ol L5l 6,8 81 bl 5o S S
DASF Sl g gad Ghgy Ol & getankd a s
B Osk (ol ges o gy S S Olpen 5
S ankad a2l 5 S G5l a4 el
JSE) A esly e YO X YO sl 4 (glaSid (g,
bl Ol ssa a5k ol g3l 3O Jome 53 5 (¥
Olgsar ol byl s 53 3l 4 ()ls a sa
3 s 5 Odsl A el dals Ol s RS

Lals Ol s @ wlaces Ol s o S35 s g

100 m

100 m
L

sl bl L aSs eMSl AblE e @
=S o G o

o Intersection of the sides or random points

GolSKa G« gasankad o 53 (515 a0 e Cfb OB O Gl s sed 53 L8 B, -Y IS
Figure 2. Procedure for non- framed sampling: sampling plan in each one hectare plot

. - ° - ° .
. DAL N . T .. ot
tns . ‘e P
o e o & . R
You . . .
o'.:é'l' o-..;é' ° . WL
e o L e o
oo B e > G e
...o. s . ..0..'. . ° . 0
RN X ot o . 0. * 3
' ® ® .
s 5, ol
Clump Uniform Random

S st s S glal =Y IS
Figure 3. Types of spatial distribution patterns



Ol o JX= ;o (Quercus macranthera) (s ,ol bsl slaosss S sl o)j'lﬁ 50 B e sla g, 2L L)

S Gty yarls ol dal oo S5 gkl
Etemad et al., <Alijani et al., 2012) .S . |
(2017

e axle ol il U bl el
0SS Llrb (shyls gl Ko BV ) 25
Etemadetal.,) > 5 dal > J> 1) olize oS15 Js
(2017

o Bl s el RS ple jala
5L KUK 4 o Ol sl sy
ST - BRIV PRSIRE ST
23 oS SRaal S1dzis wlaes Ol s 5 Aals
S5 Ao Gty Gt L A3l gl Ol s
Etemad ) 1S o oo SO Canniy 355 305 oKl
etal., 2017

e ar s e S H S wsly el
OLs )3 & S por o Lty SIS Candse O35
sl S sty g o kasOlis 5 25 5 oo aluen
Sl SleS 5 iakas oline 2281 5l slasels (1l
.(Etemad et al., 2017)

“ay Gy el S 5dS 05a5T 5l s
Jis U 05051 5 esls 035 b s 5 shie
s s sl sl anlie gl (P<H/00)
A eslaal

ol gl Sy Sl el a syl oy
o) sl 55 sl el 51 bsk slaes 53
()

S S Gl el il el
5 Y O i eSS S Gl YLl sl
Os3l Gl Yl S cx e 6 sl
Z Gsesl s sl Sl Sl Ol (gols s
Dlie 5l 2eS ol asles 7 jlaie ST (400 k)
351 SN Osp Bolas (553 Ol5 s 3L Jsr
(Heidari etal., 2011) 5 s

Lol ol oS gl iosla ol Lastls
SIS G STV Gl eSS cotl oS5 S VY
o lel 4t (g bl O pa3l | shateds .ol VTV 1 zis
N sl amss b osula Jodor SMde b o dulome
(Kianietal., 2013) s 53 o 4wl

Ol s ST oS oS By 1Sl L ls
3Ll glas @S e/e b pln asl sl
O3l Glp s dalg i b ol 58 o S
N, YN) 5lide 53 Lol avsls N jlide (2l oy
Lo dalgt awslie F(4/40, YN, YN) 5 F(e/v0, Y
(Kiani et al., 2013)

oy odasOlis gl S Swhel  etls
5ol KIS S s il kS Sledr

cjjf 4%-].& C,m»l‘ &'ﬂ E) J.d.gﬂ LJ':" ‘5&)‘) LS\.)"}

(Etemad et al., 2017 Kiani et al., 2013 Erfanifard et al., 2012) s trle gla ot li oo 55 =) Jsdr

Table 1. Description of Structural indices
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Descriptions

Formula Index
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n is individual number of i species, V=1 if angle between =1

S ESS 4l
Uniform angle

neighbors was smaller than base angle in otherwise is equal 0
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Continued table 1.
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where rij is the ratio of the dbh of the smaller tree to the dbh of
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differentiation
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Table 2. Density (number per hectare) of species in the study area

Shre bzl F glalols ()15 4 sed Ao Ve ls bl Ry
Distance sampling method * standard error Full calipering method Species
b
294 + 4.26 1121 s
Oak
179 +3.99 731 =
Maple
138 +5.46 941 S
Hornbeam
*Lh - Z
37+1.65 123 <55 ,<.i>
Other species
648 + 2.61 2916 o
Total

RYFCITRTNLE Q_;K-\?Wbdli.;- %;T:Jﬁuuaﬁﬁﬁ

* Other species was included: Wild plum, Hazelnut, wild apple and etc.

o s a3 A S e 4 clzw EANNSERES
Table 3. Species basal area in the study area

Dl sl glalols (g ols 4 gas J»ﬁ)b\"é)\aﬁ)uT &5
Distance sampling method * standard error Full calipering method Species
b
0.68 £0.15 2.27 s
Oak
0.44 +0.09 151 =
Maple
0.25 +0.09 1.71 e
Hornbeam
*Las 7 Z
0.06 +0.02 0.21 e ;“_3
Other species
0.36 = 0.06 1.54 S
Total

WaaBBs J)jﬁiihl&).} LAM}ful.&ﬁCu M))) wi.'l.:ﬁ—i JJJQ-
Table 4. Species average canopy cover and percentage in the study area

Percentage canopy cover Average canopy cover (m?/ha) Sampling method
b
19.07 1906.83 s
Oak
12.49 1248.69 =7 )
Maple Ao 53 de ol bl A,
1719 1718.99 S Full calipering method
Hornbeam
s & S
2.08 207.75 ©F A

Other species
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Continued table 4.

ol bl i)
Sampling method

Average canopy cover (m?/ha)

u,:.;:ﬁcu M))
Percentage canopy cover

Ao 53 Ao Gl ool
50.82 5082.26 o % I SRR )
Total Full calipering method
L
6.11 610.98 + 0.53 S
Oak
4.02 401.71+0.74 e
Maple Slalsol (5,15 pd sad
3.09 309.33 + 1.04 J Distance sampling method
Hornbeam
laa S X
0.95 95.23 +1.82 e

Other species
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Table 5. Significance test of characteristics in two methods (100% and distance sampling method)

(Ao3) Lidsz b SSLe QLS 3 e 5) (e 45 o GlSa s slia) 0S1 5

Average canopy cover (%) Basal area (m?/ha) Density (m?/ha)
b
0.000" 0.000" 0.000" s
Oak
0.000" 0.027 * 0.028" =
Maple
0.000" 0.041" 0.086™ et
Hornbeam
0.000" 0.000" 0.000" &
Total

" No significant difference, * Significant difference in 95%.
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Table 6. Indices to estimate spatial pattern in distance method
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Abstract

This study was conducted to investigate the non-framed sampling methods for estimating the structure
and spatial distribution pattern in Persian oak (Quercus macranthera) stands. Field sampling with
distance method as a non-framed sampling methods was done in nine plots, each with one hectare, and
totally by 81 points using systematic random network. Density, basal area, canopy of trees and spatial
distribution pattern were calculated. According to the results, the Hopkins spatial pattern distribution
indices were calculated. The results of Clump distribution, Eberhart and Johnson-Zimmer indices
showed uniform distribution pattern for the species. In addition, structural indices showed that the value
of the indices of distance to neighbor was 4.45, height difference was 0.28, diameter difference was
0.17, and the species interspecific index was 0.73 which indicate high composition of Q. macranthera
with other accompanying species in the studied area. Also, the average value of the uniform angle index
was 0.52. Density, basal area, canopy of trees resulted by sampling method had significant differenc
with real amount that resulted from 100% inventory.

Keywords: Quercus macranthera, Arasbaran forest, Structural diversity, Eberhart index, Distance
sampling.
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