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Figure 1. Location of 45-ha wild pistachio stand studied (a) in Fars province (b) and Iran (c).
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Table 1. The estimators applied to estimate density in single-distance methods.

(reference) (estimator) o.:S's 5 51 (method) : 5,
n
N =
7 ¥
Ty T
1 N= (¢ [T, = nn])
n- (nearest individual) s 5 - 5 s 3
26 N = : P RPN
w0,
Y
4 N=m/(r [Z:’l‘ Tt (n— m)RY])
25 N =-log,[(n— m/n)]/nRY
N=——2"
7 Y
TE(ry)

‘ (nearest neighbour) alues o 555

12 N= \—
VIMIE tpi/ni]

\

12 N = (second-nearest neighbour) wlaes o 5535 e 5

SN Ml
\
= (random pairs) stz slaxrs;
20 N (+/AXTn) P < ¢ s
Yn-\ i
20 N = - (ordered distance) s ,» Lol
mE(x;)
Yn
20 N = -
T E(r,) (T-square) s o
8 N -

YE(pi) [YETni

et U ooty a dols i (ool paised LG L aised sl N ‘éa.« A=ls 53 e s s sl N
Aol 81 R lall 4 Cotys 58035 5 (613 i ged BlLE 0k (5 :So31000 slaalools sloas M (g1 s god
T Ol load 1 5035 5 St dhols i O & Cos o 5n s 5 (ol5 pised blE o ol s
w}‘&:)i&:ﬁyzxj-‘r)>)J)1¢>J>;ﬁhﬂﬂwbzfn‘Qiquj&sj)ryc,éﬁwwbhﬂ

(Sl gl el 4 s

VYo



OlySed g &y15 L

a0 33 3 S S el oS5 s oo ose s (e igldeobitir gl
A5 o ahol on s nl 53 (T JS8) A3 e e 0p 035 5 28 0p S0
woasdlas 3550 Sy cpess (VY OY0) 5508 o (6 So 3l qujs&i;);&wuﬁﬁ;
lonn on S5 5 55 5 Sing s 53 Of 3 & s Sl aly s cab ) el
LG slaas M) ailews 515 55 (g5ls pagad aladl YN slied Ianl Wpd o |l A8l &) soa
sl e 53 LG 5l e 53 wedd bl (53 0 S Ks 3 ldbobS oy, 5o (gols sl
14 ge Diladad elile 3L LG ad Glbl 3 e s Sl 5 3 o S5 sladhoBsSS 5
Ol ys o alolb Culg s das gl 5 o &)sc;ila.w}:,«)jbgé,\j.i‘: ws S L s
g0 o Sha) oS e by, b (6 Se Il Lol glaas o 5y 5 ol Ol
abis Aol () ) wssbe OF L3 ST 5500 sl edd (6, Sesll slaalols o 35 )
ad o 55 el Okl Gty w4 Gty o S5 Aol (Ot 1 5S35 U guls 0 ges
Do o2 (Y K8 o A e s edd Ol Sy 4 s o S5 Aol (C by
S, 5SS a3 s o8 s b 5o (oo pdised el jo (55 e dkl L e
03,8 &Sl (S15 3,500 Sln Gl pised el 4 S o S Aol el it
Sl ke OF ol Jole &8 sl L5l 350 Joas cpemy 0158 e = s 080 8)
i 5y bslal (lscgr bat) sl S 055 jasein (C (gols pa e dbts S Ol (I
() d o s bt b s g5 a0 s 3 035 ekl (C (Sl sl
s (0 (6l i ges 4l U ool 35> 4 a3 A dols Cx s S Sn s ol (6, Sl
RSy ol b S L s (gols i sed abad SO Ol |y (@) e 53 el Ol
(5,8 o 3 (0 = o 53 ol yaselie sldiel 3 ax 3 £0 iy 5o J=s s &) O aslican
YO s5d>) 53,8 Sl cotys B ol 4o aS B B Sl LSS (o a5, S0l
Jsb Sl 5 ol s sl O s & cl | st 3,55 1 oy iy el i U 4
538 (A3 s (F)) ;S5 06 2, L oS andllas cpl 3 ze Ve b L) g&@\;ﬁ);uoicu

.(Y’)J.Z:)JTﬂ QL:;'-);(,SIJ;jLSﬁfo)'\,U\ A esly (Sols pd sel aad s

1- Line Intersect Sampling

AR



Y20 (¥) 2,loi dTF) al> Ui 9 g2 (59Ul 5 pole (SBRg3s 4 puid

o sla 5y, s ,kSa s sl 3550 5 55 eslinul 3,40 glaodiSs 550 5 —Y Jgd
Table 2. The estimators applied to estimate density in multi-distance methods.
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Figure 2. Single-distance methods of (a) nearest individual, (b) nearest neighbour, (c) second-nearest
neighbour, (d) random pairs, (e) ordered distance, and (f) T-square and multi-distance methods of (g)
joint, (h) Byth and Ripley, (i) shared point, (j) point-centered quarter, (k) wandering square, and (l)
line intersect (Produced by the authors).
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Table 3. Previous studies to evaluate the efficiency of different distance methods in dense and semi-
dense forests.
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Table 4. Efficiency results of estimators of single- and multi-distance methods to estimate density and
canopy closure.
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(accuracy) | Py (reference) (method)
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(single-distance
methods)
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0.019 -1.89 4.98™ 0.004 0.36 19.51™ 11 S5 sy
0.041 -4.03 487" 0146  -14.60 16.60° 26 ST
1.218 121.78 11.27 0.973 97.32 38.36" 4 (nearest individual)
0.289 -29.00 361" 0.368 36.83 12.28" 25
0.321 -32.11 345 0.291 29.06 13.79" 7 tloas o 5oy
0.015 -1.53 5.00™ 0.029 2.88 20.00 12 (nearest neighbour)
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Figure 3. Comparison of estimated density using single-distance methods of nearest individual (NI),
nearest neighbour (NN), second-nearest neighbour (SNN), random pairs (RP), ordered distance (OD),
and T-square (T) and their accuracy (Dashed lines show the true density (19.44 tree ha™) and
acceptable accuracy (10%)).
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Table 5. The efficiency of single-distance methods to estimate density and canopy closure.
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Figure 4. Comparison of estimated canopy closure using single-distance methods of nearest
individual (NI), nearest neighbour (NN), second-nearest neighbour (SNN), random pairs (RP),
ordered distance (OD), and T-square (T) and their accuracy (Dashed lines show the true canopy
closure (5.08%) and acceptable accuracy (10%)).
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Figure 5. Comparison of estimated density using multi-distance methods of joint (J), Byth and Ripley
(BR), shared point (SP), point-centered quarter (PCQ), wandering square (WS), and line intersect (LI)
and their accuracy (Dashed lines show the true density (19.44 tree ha™) and acceptable accuracy
(10%)).
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Table 6. The efficiency of multi-distance methods to estimate density and canopy closure.
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Figure 6. Comparison of estimated canopy closure using multi-distance methods of joint (J), Byth and
Ripley (BR), shared point (SP), point-centered quarter (PCQ), wandering square (WS), and line
intersect (LI) and their accuracy (Dashed lines show the true canopy closure (5.08%) and acceptable
accuracy (10%)).
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Abstract

Background and objectives: Distance sampling methods are a group of
commonly-used methods in estimation of quantitative characteristics of forest,
although each method and related estimators have different efficiencies due to
different factors (such as environmental conditions, stand density, and distribution
of trees). Therefore, it seems necessary to know how these methods operate in open
forests regarding to their importance and their role in estimation of quantitative
characteristics with low cost and time. The objective of this study was efficiency
assessment of 12 important distance sampling methods to obtain biometric
characteristics of wild pistachio trees (density and canopy closure) in Zagros open
stands. This study investigated the distance methods in two single- and multi-
distance groups. Moreover, it was aimed to select the appropriate estimator of each
method and the efficiencies of these methods were compared in the same
conditions.

Materials and methods: A wild pistachio stand with low density (19.44 trees ha-
1) was selected in Bane Research Site, Firoozabad, Fars province, south western
Iran. Using a 100 m x 100 m mesh, 46 sample points were located within the
boundary. Six single-distance and six multi-distance sampling methods were
applied to estimate the characteristics. Root mean squared error was applied to
evaluate the precision and accuracy criterion and comparing the means using one-
sample t-test were implemented to assess the accuracy of the results.
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Results: Using precision and accuracy criteria, the appropriate estimators were
identified in nearest individual (Cottam et al.), nearest neighbor (Cottam and
Curtis), and T-square (Byth) single-distance methods and point-centered quarter
(Cottam and Curtis) multi-distance sampling method. To estimate density and
canopy closure, nearest individual (Cottam et al.) and nearest neighbor (Cottam
and Curtis) single-distance methods were the most efficient ones. Between multi-
distance sampling methods, Byth and Ripley (accuracy of 3.70% and p<0.05), joint
(accuracy of 2.36% and p<0.05) and shared point (accuracy of 2.36% and p<0.05)
methods were suitable for density and canopy closure estimation, respectively.
Conclusion: In general, nearest individual and nearest neighbor single-distance
methods were efficient enough to estimate the biometric characteristics of wild
pistachio trees in the studied open stand precisely and accurately. The effect of
sampling network and distribution of trees can be investigated in future studies.

Keywords: Open stand, Distance methods, Zagros, Efficiency, Biometric
characteristics
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