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Figure 3. Composition of tree and shrub species by sample plot in the studied juniper stands
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Table 2. Density changes (number per hectare) with changing sample plot size
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Plot size (ha) Site 1 Site 2 Site 3 Mean Std. Devision
.50 36 126 88 83 45
75 44 209 85 113 86 . _
1.00 52 220 81 118 90 Ch"sq;f:re; 0228
1.50 72 201 82 118 72 Sie.- 0.999
2.00 78.5 207 79 121 74 185
3.00 90 206 69 122 74
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Table 3. Characteristics of juniper trees in different size in sample plots
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(LS e N Mean Std. Dev. N Mean Std. Dev. N Mean Std. Dev.
N (m) (m) m (m) (m)
50 17 478° 0.58 24 454 130 27 2905w 171
Height 75 27 4700 0.57 37 434m 1.40 43 291w 1.63
s 1.00 39 450 0.64 51 4.18m 1.46 56 2.90m 1.55
o s 1.50 69 436" 0.60 86 434 121 84 301 1.48
) €55 2.00 94 4290 0.59 121 423m 121 107 2.99m 1.46
3.00 135 421b 0.63 204 4.19m 127 135 3.02m 1.44
Average 50 17 4.03m 0.62 24 423m 1.66 27 5.53m 3.67
Crown 75 27 4,931 0.56 37 412m 1.80 43 5.46m 3.46
Diameter 1.00 39 5.34ms 3.64 51 3.96m 1.78 56 5410 331
() 1.50 69 5.00m 2.80 8  3.92m 1.50 84  5.55m 3.06
L 2.00 94 485 2.44 121 378w 1.45 107 5.40m 3.01
b bgte
3.00 135 4.55m 086 204  3.76m 1.40 135 532 2.90

()
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!'The common low letters show no significant difference amongst groups.
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Table 4. Characteristics of shrubs in different size in sample plots

J5| aLi:.....il Slte 1 9o O‘i;“u«l Slte 2 o o‘il.ui‘ Slte 3

axkd ol &l ol Sl ol Sl

(LSa) diges Slaws U,K;L:.a Jbxe Slaws u.i;L,o Jbxs slass L).:.ixl.uo LI

Plot size N Mean Std. N Mean Std. N Mean Std.

(ha) (m) Dev. (m) Dev. (m) Dev.

(m) (m) (m)

.50 1 - - 39 1.63 0.55 17 1.03 0 0.24

. 75 6 1.650 0.65 120 1.70 0.61 21 1.01 0.22
Height (m) 1.00 13 1.861 0.53 169 1.691s 0.57 25 1.051s 0.28
(o) glis)| 1.50 39 1.62 0.60 215 1.68 0.54 39 1.070s 0.26
2.00 63 1.621 0.61 292 1.657 0.51 51 1.09m 0.29

3.00 135  1.58m 0.52 413 1.61m 0.51 72 1.10™ 0.30

Average 50 1 - - 39 1.85™ 0.73 17 0.86™ 0.23
Crown 75 6 2.070 0.87 120 1.69 0.68 21 0.85m 0.21
Diameter (m) 1.00 13 2310 0.70 169 1.71ms 0.64 25 0.89 1 0.27
b Loy b 1.50 39 2.04 0 0.81 215 1.72 5 0.63 39 1.00s 0.49

a 5o

2.00 63 2.06 0.83 292 1.710s 0.62 51 1.020 0.54

G 3.00 135 1.99m 0.82 410 1.73m 0.70 72 1.09m 0.62
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Figure 6. Location and distribution pattern of trees in nested plots in Aminabad Reserve
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Table 5. Number of structural groups before and after margin correction at different site

Jsl oSzl Site 1 pgo oSyl Site 2 pyws oSyl Site 3
T ) g 5 o T ) g PRI T ) g 5 ] ow
(LSo) diges ail> W; ' ail> W; ’ il W; )
Plot size i - i
(ha) Befo?e After margin Before After margin Befor'e After margin
margin correction margin correction margin correction
correction correction correction
.50 13 2 56 24 46 19
75 25 10 126 78 66 32
1.00 45 17 197 151 83 50
1.50 104 61 297 243 127 81
2.00 159 112 391 325 159 117
3.00 278 228 596 521 209 161
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Table 6. Structural indices and results of comparisons between different sample plots !

als ols 8l il Syl 8l il
i o Slaws oeSibeo L Slaws eSileo less Slaws OeSileo L
(LSe) 4508

Plot size N Mean Std. N Mean Std. N Mean Std.
(ha) (m) Dev. (m) Dev. (m) Dev.
(m) (m) (m)
.50 2 0.00° 0.00 24 067" 034 19 025% 022
o 75 10 0.03° 0.08 78  0.62™  0.34 32023 023
o 1.00 17 0.12% 0.27 151  0.67™  0.30 50 0323 0.29
Mingling 1.50 61 0.472 0.34 243 0.66™ 0.30 81 037 031
Index 2.00 112 0492 0.33 325 0.63™ 031 117  041* 032
3.00 228  0.54%@ 0.32 521  0.64™ 029 161 0.44*  0.31
SIS, gl .50 2 0.63™ 0.18 24 0.50m  0.18 19 053  0.16
S 75 10 0.50m 0.17 78  0.53™ (.18 32 046 0.17
Uniform 1.00 17 0.53m 0.15 151 0.53m™ 0.18 50  0.46™  0.16
Angle 1.50 61 0.5271s 0.17 243 0.53™ 0.19 81 047"  0.18
(Wi) 2.00 112 051m™ 0.17 325 0.52™  0.19 117 047  0.19
3.00 228 0.3 0.17 521 0.53™ (.19 161 0.48™  0.19
i Sass Al .50 2 6.08 @ 0.00 24 3982 2.70 19 576™  1.60
" 75 10 7.558 222 78  3.16%  2.04 32 637" 1.60
“ 1.00 17 7.4943 1.87 151 2.64° 1.93 50 644 1.67
Nearest 1.50 61 5.45b 242 243  2.73% 1.90 81 630" 159
neighbor 2.00 112 4.86° 2.54 325  2.77° 1.93 117 627~  1.64
Distance 3.00 228  4.05° 2.51 521 2.68° 1.96 161 6.70™  2.07
.50 2 0.15°¢ 0.09 24 0.65° 0.16 19 062"  0.19
gl pled ez s 75 10 0.22% 0.10 78  0.58%®  0.19 32 0.65™  0.18
b 1.00 17 0.35%® 0.25 151  0.56° 0.19 50  0.70™  0.18
Crown area 1.50 61 0.44: 0.19 243 0.551; 0.19 81  0.71 0.17
Difference 2.00 112 047 0.19 325 0.54 0.18 117 0.69 0.18
3.00 228  0.51% 0.20 521  0.54° 0.18 161 0.69™ 0.17
] .50 2 0.63 1 0.53 24 0.51™  0.39 19  047™  0.36
Sz sl 75 10 0.357m 0.41 78  0.50™  0.35 320520 037
b s 1.00 17 0.49ns 0.41 151 049  0.36 50 0.52m  0.37
Crown area 1.50 61 0.48 0.34 243 0.49 0.36 81 0.50: 0.36
Dominance 2.00 112 0.50 0.34 325 0.49 0.36 117  0.50 0.36
3.00 228  0.49r 0.35 521  0.50™  0.35 161 049 037
.50 2 13.632 2.63 24 7320 3.12 19  9.50m  1.23

a b ns
Sl 100t 75 10 11.77 2.44 78  5.33 2.95 32 9.76 1.52
] 1.00 17 11.092 2.11 151  4.51¢ 2.59 50 9.53m 153
Neighborhood 1.50 61 8.11° 2.86 243 4.53¢ 2.49 81  9.41™  1.69
distance 2.00 112 7.60% 291 325  4.64% 247 117 9.42™  1.69
3.00 228  6.60° 2.90 521  4.55°¢ 2.44 161  9.71™  2.08
S 5 el .50 2 0.31% 0.16 24 059  0.18 19  0.38% 0.13
lsle poss 75 10 0.23°¢ 0.12 78 0.57™  0.19 32 036° 0.14

2 &5*‘ bc ns abc
Compl 1.00 17 031 0.16 151  0.59 0.17 50 0.40 0.14
omp eX1 1.50 61  0.49%® 0.18 243 059 0.17 81  0.43%c (.15
S;fgg:fta 2.00 112 0502 0.19 325 057 0.17 117 044  0.15
indexy 3.00 228  0.52% 0.19 521  0.58™  0.16 161 0462 0.16

i Bog )5 50 o s NS 0405 baiolid S i SgS By > !

!'The common low letters show no significant difference amongst groups.
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Abstract

Introduction: Diversity in species composition and tree distribution leads to highly complex characteristics in
forest ecosystems, arising from interactions among smaller-scale spatial structures. Forest stand structure
encompasses three major aspects: spatial pattern diversity, species diversity, and tree size diversity. The present
study aimed to determine the minimum plot size required to assess structural characteristics of Juniperus excelsa
M. Bieb. stands and to evaluate the structural diversity of these stands in the Aminabad forest reserve of
Firuzkuh, located within the Irano—Turanian phytogeographical region.

Materials and Methods: Three 3-ha sample plots (three stations) were randomly chosen, each consisting of six
nested square subplots with areas of 0.5, 0.75, 1, 1.5, 2, and 3 ha. For all trees and shrubs within each subplot,
species identity, spatial coordinates, height, and crown variables (maximum crown diameter and its perpendicular
diameter) were measured. Tree spatial coordinates were recorded using a multi-frequency GPS. Stand structure was
quantified using the uniform angle index, nearest-neighbor distance, mingling index, tree size differentiation, and
size dominance indices. To determine the most appropriate plot size, species—area curves and statistical
comparisons of variables across different plot sizes (analysis of variance and Kruskal-Wallis test) were applied.
Results: A total of 13 tree and shrub species were recorded in the study area. Analysis of species number
variation with increasing plot size showed that species richness increased up to 1.5 ha, after which the curve
reached a plateau and species number remained constant; however, with further increase to 3 ha, species richness
increased again. The first increase represented the species within the target plant association, whereas the second
increase resulted from inclusion of areas outside the association boundary. Mean crown diameter of Juniperus
trees did not differ significantly among plot sizes. Mean tree height also showed no significant difference among
plots ranging from 1 to 3 ha, although in the first station significant differences were observed compared with
smaller plots. No significant differences were detected in shrub size attributes among different plot sizes;
however, results indicated that plots smaller than 1 ha may not include a sufficient number of shrub individuals
for reliable analysis. The uniform angle index indicated a random pattern tending toward clustered in the first
and second stations and a random pattern in the third station, with no significant differences in spatial
distribution patterns of trees and shrubs across plot sizes. In none of the stations; mingling, size diversity, or
complex structural diversity indices showed no significant difference when plot size increased from 1 to 3 ha;
however, significant differences were observed in smaller plots, particularly in the first and third stations.
Conclusion: Based on the results, a plot size of 1 ha was identified as appropriate for structural studies of
Juniperus forests. In stands with higher density (e.g., the second stand), satisfactory results can also be obtained
using 0.75-ha plots, whereas in lower-density stands (e.g., the first stand), plots of up to 1.5 ha may be required.
To record tree and shrub species within a Juniperus association, an area of approximately 1.5 ha is necessary,
while larger areas (up to 3 ha) are required to capture the complete tree and shrub flora of Juniperus habitats.
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