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Table 1. Density, frequency, abundance and abundance frequency ratio (A/F) and dominance degree
of plant species in the study area

i) 3 p
e . it . T RN ol s
<5 Sy (As,3) 055 S5 s Dormi
: : : ominance
Species Density Abundance AIF %
Frequency Distribution degree
(%)

Clumped Eudominant

1. PoabulbosalL. 168.3 62.5 53.86 0.86 slas el
o o Clumped Eudominant

2. Artemisia aucheri Boiss. 30.31 50 12.13 0.24 sl el s
Random Dominant

3. Euphorbia falcata L. 2.13 28.75 1.48 0.05 ol L
Clumped Dominant

4.  Gundelia tournefortii L. 3.69 28.75 2.57 0.09 Slas L
Random Dominant

5. Amygdalus lycioides Spach 1.81 26.25 1.38 0.05 Sl e
lumped Dominant

6.  Acanthophyllum pungens c
(Bunge) Boiss 2.13 25 1.7 0.07 sles e
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Continued table 1.

HJE _
e . i . I S ol a s
<5 S (4o ST Sl A5 < i
Species Density Frequency Abundance AlF S Dodmlnance
Distribution egree
(%)
Clumped Dominant
7. Eryngium bungei Boiss. 12.06 225 10.72 0.48 sles i
Clumped Dominant
8.  Artemisia sieberi Besser 10.69 20 10.69 0.53 Sles LI
Clumped Dominant
9. Stipa barbata Desf. 35 20 35 0.18 Sles LI
Clumped Dominant
10. Bromus danthoniae Trin. 2.63 175 3 0.17 sles e
11. Acantholimon erinaceum Clumped Dominant
(Jaub. & Spach) Lincz. 213 175 243 0.14 slas TS
12. Ephedra procera Fisch. & C. Clumped Dominant
A. Mey. 4.88 16.25 6 0.37 sles e
Clumped Dominant
13. Teucriom polium L. 1.94 16.25 2.38 0.15 sles e
Clumped Dominant
14. Alyssum minus L. 1.63 13.75 2.36 0.17 Slas e
15. Matricaria 105 125 ) 0.16 Clumped Dominant
matricarioides (Less.) Porter ' ’ ) slas e
16. Noaea mucronata Asch. & Clumped Dominant
Schweinf. 0.81 11.25 144 0.13 sles e
17. Agropyron desertorum 1.94 10 388 0.39 Clumped Dominant
(Fisch. ex Link) Schult. ' ' ’ slas e
Clumped Subdominant
18. Pistacia atlantica Desf 0.44 8.75 1 0.11 sles s
Clumped Subdominant
19. Echinops robustus Bunge 0.94 8.75 2.14 0.24 Slas Cas
Clumped Subdominant
20. Marrubium vulgare L. 0.94 8.75 2.14 0.24 sles s
Clumped Subdominant
21. Bromus sterilis L. 0.5 8.75 1.14 0.13 sles Cas
Clumped Subdominant
22. Scorzonera cinerea Boiss. 2.94 8.75 6.71 0.77 Sles s
Clumped Subdominant
23. Bromus tectorum L. 3.63 7.5 9.67 1.29 Sles s
24. Sophora pachycarpa 631 . 1683 - Clumped Subdominant
Schrenk ex C. A. Mey ' ' ' ) slas s
Clumped Subdominant
25. Astragalus Pellitus (Bunge.) 0.44 7.5 1.17 0.16 Sles s
Clumped Subdominant
26. Amygdalus scoparia Spach 1.38 6.25 4.4 0.7 Sles s
o Clumped Subdominant
27. Bromus madritensis L. 1.44 6.25 4.6 0.74 slas T
. Clumped Subdominant
28. Avena sativa L. 0.88 6.25 2.8 0.45 cles s

Yo
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Continued table 1.

e TR . . s o
<58 S S 025 S5 . o =2
Species Density Freq;ency Abundance AJF oS Dodmmance
(%) Distribution egree
Clumped Subdominant
29. Prangos ferulacea L. 35 6.25 11.2 1.79 sles eans
) ) Clumped Subdominant
30. Lolium multiflorum Lam. 2.25 6.25 7.2 1.15 sles eans
o ) Clumped Subdominant
31. Ziziphora tenuir L. 0.44 6.25 14 0.22 cles eans
) Clumped Subdominant
32. FerulaovinaL. 0.56 6.25 1.8 0.29 s s
o Clumped Subdominant
33. Cirsium arvense (L.) Scop. 1.06 6.25 34 0.54 s s
34. Tulipa stylosa Fisch. ex 995 6.5 792 115 Clumped Subdominant
Fisch. & C.A.Mey. ' ) : ' slas Ieans
35. Salsola richteri (Moq.) 05 5 ) 04 Clumped Subdominant
Karel ex Litv. ’ ' slas e
Clumped Subdominant
36. Astragalus 0.5 5 1 0.2 p mins
campylorhynchus Fisch. slas eaas
o ] Clumped Subdominant
37. Malcolmia strigosa Boiss. 0.69 5 2.75 0.55 s s
) Clumped Subdominant
38. Silene conoidea L. 0.81 5 3.25 0.65 shas s
Clumped Rare
39. Peganum harmala L. 0.75 3.75 4 1.07 Slas s
Clumped Rare
40. Avena fatua L. 1.63 3.75 8.67 2.31 shas s
Clumped Rare
41. Ferula gummosa Boiss. 0.25 3.75 1.33 0.36 Slas s
Clumped Rare
42. Dianthus orientalis Rech.F. 231 3.75 12.33 3.29 slas s
Clumped Rare
43. Papaver rhoaes L. 0.31 25 2.5 1 Slas s
44. Zygophyllum atriplicoides Clumped Rare
Fisch. & C.A.Mey. 0.13 25 ! 04 @las SlaS
45, Scariola orientalis (Boiss.) Clumped Rare
Sojak 0.13 25 1 0.4 Sles s
o Clumped Rare
46. Stachys lavandulifolia Vahl. 0.13 25 1 0.4 slas s
) o Clumped Rare
47. Achillea tenuifolia Lam. 7.94 25 63.5 25.4 slas s
) . Clumped Rare
48. Achillea nobilis L. 1.13 25 9 3.6 slas s
49. Onopordon heteracanthum 025 25 ’ 0.8 Clumped Rare
C. A. Mey. : : : glas olas
50. Alhagi persarum Boiss. & 0.19 25 15 0.6 Clumped Rare
Buhse. ' ' ' ' slas LS

Y0
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Continued table 1.

) _ Ry e
o SU #s Mgy T _—
. : ominance
Species Densit Abundance AlF 7
p Y Frequency Distribution degree
(%)
- - Clumped Rare
51. Artemisia scoparia Waldst. et
e P 0.44 25 35 14 les s
52. Oryzopsis Clumped Rare
molinioides (Boiss.) Hack. ex 0.44 2.5 35 14 Slas e
paulsen ) _
Clumped Rare
53. Ferula foetida (Bunge) Regel 0.13 25 1 0.4 Sles s
Clumped Rare
54. Tulipa montana Lindl. 0.13 25 1 0.4 Slas s
Clumped Rare
55. Ziziphora tenuior L. 0.06 1.25 1 0.8 Slas LS
Clumped Rare
56. Scabiosa olivieri Coult. 0.06 1.25 1 0.8 slas s
Clumped Rare
57. Allium borszczowii Regel 0.13 1.25 2 1.6 Slas s
Clumped Rare
58. Polygonum aviculare L. 0.06 1.25 1 0.8 slas s
Clumped Rare
59. Astragalus commixtus Bunge 0.44 1.25 7 5.6 Gles Olls
Clumped Rare
60. Echium italicum L. 0.13 1.25 2 1.6 Slas s
Clumped Rare
61. Glaucium leiocarpum Boiss. 0.13 1.25 2 1.6 Slas s
Clumped Rare
62. Malva neglecta Wallr. 0.13 1.25 2 1.6 slas s
- Clumped Rare
63. Thymus pubescens Boiss. &
. 12 7 .6
Kotschy ex celak 0.44 5 5 slas oles
- Clumped Rare
64. Launaea acanthodes Boiss.
. . 2 1.
O.Kuntze 013 12 ° sls HheS

L;ZJLAS ty)‘ M‘)bvq‘ﬁd‘éty‘)\ ORISR
Sl slize (IMC) e oSole L 4 ool

5SS (glaS AlS glea S sy S

Lo o34 5 VY PV o 54 sl

Y5

@ ol S SIS e ls ulad

baas S Lo ;3 AY (ICS) g o311 5 (ID) ks
S hols b S A3 VP 5 slaS (81 sl
S el iy (7 Jpde) doea sl
ailie alS gbaw S sl oS as s 2 (G



5 Ol B 0sSuls sadbcbli> ddlais o (Amygdalus scoparia Spach.) 2e5 slol oRiyg, lalS ST, (665

o pdsse Gble 53 sl S sl Ry e o3 edkdacule Sl S e el sl =Y i
Table 2. Quadrate indices values to determine the distribution pattern of plant species in the study area

\ 3 .

Te oz i - g E 3 -
2 iy — = = = =
R - 0 9 2 - 38 98 '3 92
EE A - I 53
% “, a a a B a
Clumped Clumped Clumped Clumped

1 2942.18 33.66 87.4 sles 86.4 slas 120.06 Slas 1.09 Slas
Clumped Clumped Clumped Clumped

2 119.5 6.06 19.71 Slas 18.71 Slas 24.77 Slas 0.24 Slas
Clumped Clumped Uniform Random

3 0.6 0.43 1.42 oS 0.42 les 0.84 s 0.01 sl
Clumped Clumped Clumped Clumped

4 217 0.74 2.94 sles 1.94 Sles 2.68 Sles 0.02 Sl
Clumped Clumped Clumped Random

5 0.49 0.36 1.34 e 0.34 shs 0.71 sles 0 R
Clumped Clumped Clumped Random

6 0.73 043 17 e 0.71 e 114 glas 0.01 sl
Clumped Clumped Clumped Clumped

7 47.76 241 19.8 Slas 18.8 Slas 21.21 Slas 0.24 Slas
Clumped Clumped Clumped Clumped

8 32.65 2.14 15.28 SIS 14.28 Slas 16.41 Slas 0.18 Slas
Clumped Clumped Clumped Clumped

9 32 07 457 e 357 e 4.27 glas 0.05 Sles
Clumped Clumped Clumped Clumped

10 3.67 0.53 6.99 e 5.99 e 6.52 gl 0.08 Slas
Clumped Clumped Clumped Clumped

11 1.29 0.43 3.02 sles 2.02 sles 2.45 Sles 0.03 Sl
Clumped Clumped Clumped Clumped

12 20.81 0.98 21.34 Slas 20.34 Slas 21.32 Slas 0.26 Slas
Clumped Clumped Clumped Clumped

13 0.95 0.39 245 e 1.45 e 1.84 glas 0.02 s
Clumped Clumped Clumped Clumped

14 0.86 0.33 2.63 e 1.63 e 1.96 gl 0.02 Slas
Clumped Clumped Clumped Random

15 0.54 0.25 2.18 Slas 1.18 Slas 1.43 Slas 0.01 ol
Clumped Clumped Clumped Random

16 0.32 0.16 1.94 Slas 0.94 Slas 11 Slas 0.01 ol
Clumped Clumped Clumped Clumped

17 2.9 0.39 7.48 e 6.48 e 6.87 glas 0.08 s
Random Random Uniform Random

18 0.08 0.09 0.92 ol -0.08 ol 0.01 el 0 ol
Clumped Clumped Clumped Clumped

19 0.61 0.19 3.25 Sles 2.25 Sles 2.44 Sles 0.03 Sles
Clumped Clumped Clumped Clumped

20 0.56 0.19 2.98 Sl 1.98 shas 2.17 sles 0.03 sles
Clumped Clumped Uniform Random

21 0.12 0.1 1.16 SIS 0.16 Slas 0.26 OMptY 0 ol
Clumped Clumped Clumped Clumped

22 6.83 0.59 11.62 Slas 10.62 Slas 11.21 slas 0.13 Slas
Clumped Clumped Clumped Clumped

23 8.23 0.73 11.35 SIS 10.35 Slas 11.07 Slas 0.13 Slas
Clumped Clumped Clumped Clumped

24 345 1.26 27.33 Slas 26.33 Slas 27.59 slas 0.33 Slas
Clumped Clumped Uniform Random

25 0.11 0.09 121 las 021 las 03 s 0 sl
Clumped Clumped Clumped Clumped

26 2.4 0.28 8.74 les 7.74 les 8.02 Sles 0.1 s
Clumped Clumped Clumped Clumped

27 1.63 0.29 5.65 Sl 4.65 Sl 4.94 Sles 0.06 Slas




VO)Lo..»s\’b“.io/wyjd&j)J;«LC;ALLaﬁ 8

Continued table 2.

\\A’J\ 3 c = = 3 = ] o
38 o 8 3 g qa x % % . x % ‘\7;5 1) x % k] x %
Y 9 28 v @ % 0 VL 2 2 O 2 DS V}) 2 ST} Vi o
wa heg 5= g LN I S L3
3, % a 1 ol ol 3 ol
Clumped Clumped Clumped Clumped

28 0.65 0.18 3.73 slas 2.73 slas 29 Slas 0.03 Slas
Clumped Clumped Clumped Clumped

29 19.2 0.7 27.43 Sles 26.43 Shes 27.13 Sles 0.33 Sles
Clumped Clumped Clumped Clumped

30 4.43 0.46 9.72 slas 8.72 slas 9.18 Slas 0.11 Slas
Clumped Clumped Uniform Random

31 0.16 0.09 1.79 sles 0.79 sles 0.88 S 0.01 ol
Clumped Clumped Clumped Clumped

32 0.28 0.11 247 Slas 1.47 Slas 1.59 Slas 0.02 Slas
Clumped Clumped Clumped Clumped

33 1.87 0.21 8.78 sles 7.78 sles 7.99 Sles 0.1 Sles
Clumped Clumped Clumped Clumped

34 4.48 0.45 9.95 e 8.95 e 9.4 gl 0.11 Slas
Clumped Clumped Clumped Random

35 0.22 0.1 2.18 sles 1.18 sles 1.28 Sles 0.01 ol
Random Random Uniform Random

36 0.05 0.05 0.96 ol -0.04 sl 0.01 xS 0 ol
Clumped Clumped Clumped Clumped

37 0.47 0.14 3.45 sles 2.45 sles 2.59 Sles 0.03 Sles
Clumped Clumped Clumped Clumped

38 0.57 0.16 35 e 25 e 2.66 gl 0.03 Slas
Clumped Clumped Clumped Clumped

39 0.76 0.15 5.08 sl 4.08 e 4.23 gl 0.05 Slas
Clumped Clumped Clumped Clumped

40 6.12 0.33 18.83 e 17.83 e 18.16 glas 0.23 s
Clumped Clumped Uniform Random

41 0.07 0.05 1.47 Slas 0.47 Slas 0.52 OIS 0.01 sl
Clumped Clumped Clumped Clumped

42 15.32 0.46 33.11 e 3211 e 32.58 glas 0.41 s
Clumped Clumped Clumped Clumped

43 0.16 0.06 2.57 Slas 1.57 Slas 1.63 Slas 0.02 Slas
Random Random Uniform Random

44 0.02 0.03 0.99 e -0.01 e 0.01 S 0 R
Random Random Uniform Random

45 0.02 0.03 0.99 ol -0.01 sl 0.01 xS 0 ol
Random Random Uniform Random

46 0.02 0.03 0.99 e -0.01 e 0.01 S 0 R
Clumped Clumped Clumped Clumped

47 143.13 1.59 90.16 Slas 89.16 Slas 90.75 Slas 1.13 Slas
Clumped Clumped Clumped Clumped

48 3.24 0.23 14.4 Slas 13.4 slas 13.62 slas 0.17 Slas
Clumped Clumped Clumped Clumped

49 0.12 0.05 2.48 Slas 1.48 Slas 1.53 Slas 0.02 Slas
Clumped Clumped Uniform Random

50 0.06 0.04 1.65 Slas 0.65 slas 0.69 Oy 0.01 ol
Clumped Clumped Clumped Clumped

51 0.31 0.09 3.53 Sl 2.53 Sl 2.62 Sl 0.03 Slas
Clumped Clumped Clumped Clumped

52 0.31 0.09 3.53 Slas 2.53 slas 2.62 Slas 0.03 Slas
Random Random Uniform Random

53 0.02 0.03 0.99 sl -0.01 sl 0.01 S 0 il
Random Random Random Random

54 0.02 0.03 0.99 ol -0.01 ol 0.01 ol 0 ol
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Continued table 2.

\E} - 8 —i) s 3 S 3 s 3 S
8 29 , =] = = \ = ’ =
38 2E 2§ e 93 Tg o3 he 43 45 43
wd by B g7 3 LS I S B! bg
3, -, & ! a 8 23 a
Random Random Random Random
55 0.01 0.01 1 sl 0 sl 0.01 sl 0 sl
Random Random Random Random
56 0.01 0.01 1 ol 0 ol 0.01 sl 0 ol
Clumped Clumped Random Clumped
57 0.05 0.03 2 oS 1 les 1.03 sl 0.01 e
Random Random Uniform Random
58 0.01 0.01 1 ol 0 ol 0.01 S 0 ol
Clumped Clumped Clumped Clumped
59 0.61 0.09 6.77 e 5.77 e 6.09 gl 0.08 Slas
Clumped Clumped Random Random
60 0.05 0.03 2 sles 1 sles 1.03 sl 0.01 ol
Clumped Clumped Random Random
61 0.05 0.03 2 Slas 1 Slas 1.03 ol 0.01 ol
Clumped Clumped Random Random
62 0.05 0.03 2 e 1 e 1.03 sl 0.01 ol
Clumped Clumped Clumped Clumped
63 0.61 0.09 6.77 Sles 5.77 sles 6.09 Sles 0.08 Sles
Clumped Clumped Random Random
64 0.05 0.03 2 e 1 e 1.03 sl 0.01 ol
ne 7 . - . - . - s . - . P S o s “r
JJ‘J‘)&‘ﬂé}Q‘Mé‘f(:JYMJJM WLL‘)UW.'L:NU@-LNASJ\JQMGL‘;

T dsdz) VUAP) Sleds b S L (D) ks

aizie 53 AlS laa S jusl, S s 3 e lbosliza ShlssS sla s, (CV) Ol poxs g ;o polie =Y J g

IR

Table 3. Coefficient of variation (CV) values of quadrate indices to determine the distribution pattern
of plant species in the study area

Sl b 5shs SASl Laxrls bt ol o Sl RS el
AJF ID ICS IMC Gl
Lo Lol
3.26 16.23 16.23 19.33 0.21 S
SD
. /'L,a
1.30 8.74 7.74 8.68 0.10 ok
Mean
I
251 1.86 2.10 2.23 2.10 e
cv

=y e | cﬁ.ﬂ]fh)b Sldalise sl b sl Jses S d(Mosaic plot) ol se Sls gad

Losiw Goses Jsb ol 81 Hsme 53 odd sy il gl a8 ol (g oo aill S e
CE.NJJAJJ £33 yiie 53 Sldalin sldes b cnle 03 1y Weesls 31 ghwo s 5 355 0 = Chuail
O I Sl 503 53 (G350 Tl ol Jgl e WO s (2,8 urie 95 Gl s o LS Waes S
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Figure 5. Mosaic plot showing growth form relative proportions for distribution. The bars height

corresponds with each growth form category relative proportion and the width represents the relative
proportion of the distribution patterns.
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Figure 6. Mosaic plot showing dominance degree relative proportions for distribution. The bars height

corresponds with each dominance degree category relative proportion and the width represents the
relative proportion of the distribution patterns.
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Figure 7. Mosaic plot showing annuals and perennials relative proportions for distribution. The bars

height corresponds with each life cycles category relative proportion and the width represents the
relative proportion of the distribution patterns.
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Table 4. Sample size (N), power, specify effect size (w) for chi-square tests of association for plant

O18) 3L 5, 30 4 5e5 aliss 5 CEM $lS ol _
( O5a3) Ol s o3l \ | S50
/A A : 5 i
_ Power  Effectsize = < - A Trait
Sample size (power=0.80) P.value Chi-square
167 0.37 0.26 0.24 4.19 i
Growth form

/Ju' y e
- 0.05 0 1 0 LI 0
Life cycle
Codle 4 s

144 0.43 0.27 0.18 4.85 -

Dominance degree
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Figure 8. Species accumulation curve showing the cumulative richness against the unit sampling effort
(80 quadrats)
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Abstract

Background and objectives: The horizontal structure of a forest refers to how individual trees are
distributed within a forest ecosystem. Spatial patterns of trees and shrubs provide important information
about the integrity of forest community structure, plant community dynamics, succession processes, and
species coexistence. Several studies have been conducted regarding the distribution pattern in the forest
sciences, and the application of such studies in forest planning and management, evaluation and analysis,
as well as forest restoration and development plans, has been reported. It seems that the distribution
pattern of trees and shrubs is affected by the degree of plant dominance and growth form. In this
research, in addition to determining the distribution pattern of 64 plant species in the mountain almond
(Amygdalus scoparia Spach.) habitat on the southern slopes of the Shaskouh protected area in South
Khorasan, the relationship between growth form, life cycle and the degree of species dominance with
the distribution pattern of plant species was investigated.

Methodology: In the present study, four key areas of the mountain almond (Amygdalus scoparia)
habitat were selected on the southern slopes of the Shaskouh protected area. In each key area, 20 quadrats
were established (80 quadrats in total). Quadrats with dimensions of 1 x 1 m, 4 x 4 m, and 10 x 10 m
were used to count individuals of grasses and forbs, bushes, shrubs, and trees, respectively. After
identifying and counting plant species in the quadrat, species density, abundance and frequency were
determined. Then, species dominance was evaluated based on Weigmann's classification method (1973)
in five classes. In order to determine the distribution pattern, the indices of abundance to frequency ratio
(A/F), variance-to-mean ratio (ID), Index of Cluster Size (ICS), Green's index (Gl), and Index of Mean
Crowding (IMC) were used. The coefficient of variation (CV) was used to compare the accuracy of the
investigated quadratic methods to determine the distribution pattern. A chi-square test of independence
was used to examine the relationship between plant growth form, life cycle and dominance degree with
distribution patterns. The effect size and power of the chi-square test were calculated at the 0.05 level.
Sampling adequacy was determined using the species accumulation curve.

Results: The results showed that in terms of the distribution pattern, based on the abundance-to-
frequency ratio, about 97% of the studied species have a clumped pattern and 3% have a random pattern.
Based on the quadratic indices: the variance-to-mean ratio (ID) and cluster size (ICS), 84% of the species
have a clumped pattern, and 16% of the species have a random pattern. Based on Green's index (Gl),
61% of the distribution pattern of plant species in the studied area is clumped, and 39% is random. The
results showed that the prevalence pattern of the studied eudominant and dominant species is clumped.
The single tree in the studied area, Pistacia atlantica Desf., has a random pattern. The result of the chi-
square test of independence showed that there is no significant relationship between growth form, the
life cycle and the degree of dominance of species with distribution pattern (p=>0.05). The results showed
that the Fisher index, i.e. variance-to-mean ratio (ID), with the lowest coefficient of variation (1.86) has
the most accuracy for determining the distribution pattern. Among the studied quadratic indices, the
result of Green's index corresponds better to reality. The species accumulation curve showed that by
increasing the number of quadrats to 80, 60 plant species were observed in the studied area, and this is
enough to evaluate species richness.

* Corresponding author Tel: +989151637869
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Conclusion: The results of various indices showed that the distribution patterns of 61-97% of the
studied species are clumped. Since a single index cannot provide accurate estimates of the distribution
pattern, five common quadratic indices were used in the present study. Among the studied indices, the
Index of Mean Crowding (IMC) found the distribution pattern of about 24% of the studied species to be
uniform, which is not consistent with reality. The results of the present study showed that the distribution
pattern of plants is independent of the vegetative form and the degree of dominance of plants.
Nevertheless, the contribution of rare species in the random distribution pattern is greater than the cluster
pattern. Finally, it is suggested to pay attention to the clumped pattern of the dominant plants in the
region to determine the sampling strategy and choose the planting intervals.

Keywords: Clumped distribution, Dryland forests, Growth form, Quadratic indices.
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