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Abstract
Background and objectives
The spatial distribution pattern of plants is one of the most important features of plant
communities, a concept related to species condition and distribution within a plant community.
Understanding the spatial distribution pattern of plants in any region is fundamental for measuring
and evaluating vegetation and is crucial for determining management methods such as rangeland
improvement and development. This study analyzed distance indices, probability distribution, and
regression to determine the distribution pattern of 17 rangeland species dominant in Southern
Khorasan and Razavi Khorasan provinces.
Methodology
We identified habitats of 17 plant species in four sub-regions: semi-desert, steppe, semi-steppe,
and dry forests located within the Irani-Torani vegetation zone in South Khorasan and Razavi
Khorasan provinces. In each habitat, we established 40 plots (1x1 m for herbs, 2x2 m for shrubs,
4x4 m for shrubs, and 10x10 m for trees) along two transects, totaling 80 plots per habitat. We
determined species distribution using quadratic indices including Index of Dispersion (ID),
Lexis's Index (IL), Charlier's Index (ICh), Index of Cluster Size (ICS), Green's Index (Gl), Index
of Cluster Frequency (ICF), Index of Mean Crowding (IMC), Index of Patchiness (IP), Morisita's
Index (IM), Standardized Morisita Index (Ip), probability distribution indices (Poisson
distribution, positive and negative binomial distribution), and regression indices (Taylor and
Iwao's patchiness regression and Taylor's power law).
Results
Morisita's Index, Index of Cluster Frequency, Standardized Morisita Index, and Lexis's Index
yielded similar results. Stipagrostis, Bromus tomentellus, Acantholimon scirpinum, Stipa
barbata, Festuca ovina, Rhamnus pallasii, and Cornulaca monacantha exhibited clumped
patterns based on all quadratic indices. Berberis vulgaris, Onobrychis cornuta, and Acantholimon
scirpinum showed random distribution patterns according to Green's Index, while Stachys
inflata showed random patterns based on both spot and Green's indices. Based on probability
distributions applied to density data, Festuca ovina, Cornulaca monacantha, Tamarix
ramosissima, Astragalus gossypinus, and Juniperus polycarpos followed a Poisson distribution,
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indicating a random pattern. Stipa barbata, Festuca ovina, and Astragalus squarrosus were the
only species following only the positive binomial distribution, indicating a uniform pattern.
Regression methods indicated a clumped distribution pattern for all studied plants. Among the
studied species, Astragalus squarrosus had the lowest values for all indices except Index of
Cluster Frequency (ICF) and Charlier's Index (ICh). Stipa inflata showed a clumped distribution
pattern based on all indices. Calligonum polygonoides showed a clumped distribution based on
all indices except Z (random) and Charlier's Index (uniform). Morisita's Index, Index of Cluster
Frequency (ICF), Standardized Morisita Index, and Lexis's Index (IL) produced similar results.
Conclusion

In this study, we used quadratic indices, regression, and probability distributions. Among these
methods, quadratic indices predicted 65% clumped, 32% uniform, and 3% random distribution
patterns. Because the Standardized Morisita Index and Morisita's Index do not depend on N and
n, they are better indicators for determining distribution patterns.
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Table 1- Species of the study area

Spicies Habitat Region
Acantholimon scirpinum Bunge Semi-Steppe Irano-Turanian
Achillea millefolium L. Semi-Steppe Irano-Turanian/ Europe-Siberian
Artemisia sieberi Besser Steppe Irano-Turanian
Astragalus gossypinus Fischer. Steppe Irano-Turanian
Astragalus squarrosus Bunge Desert Irano-Turanian

Berberis vulgaris L.

Forest and Shrubland

Europe-Siberian

Bromus tomentellus Boiss. Semi-Steppe Irano-Turanian
Calligonum polygonoides L. Desert Irano-Turanian / Sahara-Sindian
Cornulaca monacantha Delile Semi-Desert Irano-Turanian / Sahara-Sindian

Festuca ovina L. Semi-Steppe Polyregional

Juniperus polycarpos K.Koch Dry Forest Irano-Turanian

Onobrychis cornuta (L.) Desv. Semi-Steppe Irano-Turanian
Rhamnus pallasii Fisch. & C.A.Mey. Woodland and Shrubland Irano-Turanian/ Europe-Siberian
Stachys inflata Benth. Semi-Steppe Irano-Turanian/ Europe-Siberian

Stipa barbata Desf. Steppe Irano-Turanian
Stipagrostis pennata (Trin.) De Winter Steppe Irano-Turanian / Sahara-Sindian
Tamarix ramosissima Ledeb. Desert Irano-Turanian/ Europe-Siberian
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Table 2- Summary of probability distributions used in determining the dispersion pattern
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Table 3- Values of quadratic indices for determining the distribution pattern of the studied species
Spicies I IL Gl Ip ID  ICS P IMC  ICF I Viréa” Mean
St.in 0.98 0.69 6.42 0.18 12.97 6.49 10.97 0.97 0.57 0.28 3.46 4.98
Br.to 2.68 8.74 4.96 0.25 24.46 5.04 19.61 20.61 0.55 0.50 4.54 3.25
Ac.mi 0.98 1.20 9.52 0.12 5.14 9.34 4.59 5.59 0.60 0.12 2.36 9.16
St.ba 7.88 62.47 3.07 0.48 4.48 3.09 3.03 4.03 0.52 0.08 2.00 1.77
St.pe 4.23 18.38 1.18 5.49 3.87 1.18 0.60 1.60 0.50 0.02 1.26 -0.51
Fe.ov 1.45 5.84 3.22 0.45 3.79 3.23 2.62 3.62 0.52 0.07 1.90 2.07
Rh.pa 0.78 0.54 2.17 0.87 1.29 2.15 0.69 1.69 0.50 0.02 1.30 1.82
Co.mo 0.43 0.40 1.24 4.14 121 1.24 0.24 1.24 0.24 0.01 111 0.26
Ca.po 0.38 0.50 1.19 5.10 1.67 1.20 0.27 1.27 0.28 0.01 1.12 -0.08
Ta.ra 4.85 99.98 0.30 -1.43 0.22 0.30 0.51 0.49 -0.67 -0.01 0.70 -0.31
As.sq 1.18 4.25 0.00 -1.02 0.01 0.02 -0.54 0.46 -1.00 0.01 0.67 -0.16
Be.vu 0.08 0.07 0.00 -1.09 0.02 0.09 -0.20 0.79 -0.26 0.00 0.88 2.53
Ar.si 2.00 23.95 0.60 -2.53 0.47 0.61 -0.31 0.69 -0.39 0.01 0.83 -0.10
On.co 0.55 3.07 0.88 -8.80 0.38 0.89 -0.05 0.95 -0.06 0.00 0.97 1.23
As.go 1.23 1.05 1.90 1.15 0.70 1.87 0.32 1.32 0.33 0.01 1.15 2.53
Ac.sc 0.60 1.02 0.00 -1.46 0.02 0.32 -0.05 0.95 -0.07 0.00 0.97 11.64
Ju.po 0.23 0.18 0.88 -8.61 1.08 0.88 -0.14 0.86 -0.18 0.00 0.92 -0.29
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S op B 5 sl s asls Ll , Stachys inflata Cornulaca monacantha , Rhamnus pallasii .ovina
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Table 4- Distribution pattern of the studied species based on quadratic indices
Spicies Ich I Gl Ip ID ICS IP IMC ICF Im
St.in Clumped Clumped Clumped Clumped Clumped Clumped Clumped Clumped Clumped Clumped
Br.to Clumped  Clumped  Clumped Clumped  Clumped  Clumped Clumped Clumped  Clumped  Clumped
Ac.mi Clumped Clumped Clumped Clumped Clumped Clumped Clumped Clumped Clumped Clumped

St.ba Clumped  Clumped  Clumped Clumped  Clumped  Clumped Clumped Clumped  Clumped  Clumped
St.pe Clumped Uniform Clumped  Clumped  Clumped Clumped Clumped  Clumped  Clumped  Clumped
Fe.ov Clumped Clumped Clumped Clumped Clumped Clumped Clumped Clumped Clumped Clumped
Rh.pa Clumped  Clumped  Clumped Clumped  Clumped  Clumped Clumped Clumped  Clumped  Clumped
Co.mo Clumped Clumped Clumped Clumped Clumped Clumped Clumped Clumped Clumped Clumped
Ca.po Clumped Uniform Clumped  Clumped Clumped Clumped  Clumped  Clumped  Clumped  Clumped

Ta.ra Uniform Uniform Uniform Uniform Clumped Clumped Uniform Uniform Uniform Uniform
As.sq Uniform Uniform Uniform Uniform Clumped Uniform Uniform Uniform Uniform Uniform
Be.vu Uniform Clumped Random Uniform Clumped Uniform Uniform Uniform Uniform Uniform
Ar.si Uniform Uniform Uniform Uniform Clumped Uniform Clumped Uniform Uniform Uniform
On.co Uniform Clumped Random Uniform Clumped Uniform Clumped Uniform Uniform Uniform

As.go Clumped Clumped Clumped Clumped Clumped Clumped Clumped Uniform Clumped Clumped
Ac.sc Uniform Clumped Random Uniform Clumped Uniform Uniform Uniform Uniform Uniform
Ju.po Uniform Uniform Random Uniform Clumped Uniform Random Clumped Uniform Uniform
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Figure 2- Moricita’s index values in the studied plant species Index
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Table 5- The distribution pattern of the studied species based on probability distribution

S . Deviation from the . o
Negative binomial Positive binomial . o Poison distribution
Poisson distribution

Invers
Species p distribution K distribution p distribution z Distribution p distribution

Ju.po 0.00 - 0.18 Clumped 0.00 - 22.7 Clumped 0.00 -
St.in 0.00 - 0.24 Clumped 0.038 - 31.3 Clumped 0.00 -
Br.to 0.02 - 0.11 Clumped 0.00 - 12.10 Clumped 0.00 -
Ac.mi 0.07 - 0.47 Clumped 0.43 uniform 8.95 Clumped 0.00 -
St.ba 0.00 - 5.48 Clumped 0.00 - 2.38 Clumped 0.00 -
St.pe 0.45 Clumped 0.44 Clumped 0.15 uniform 8.02 Clumped 0.26 Random
Fe.ov 0.04 - 0.86 Clumped 0.08 - 2.71 Clumped 0.01 -
Rh.pa 0.91 Clumped 414 Clumped 0.08 - 1.04 Random 0.87 Random
Co.mo 0.10 Clumped 5.09 Clumped 0.00 - 1.19 Random 0.01 -
Ca.po 0.18 Clumped -1.43 uniform 0.08 - -2.56 Uniform 0.08 Random
Ta.ra 0.02 - -1.02 uniform 0.63 uniform -2.77 Uniform 0.00 -
As.sq 0.00 - -1.09 uniform 0.00 - -0.90 Random 0.00 -
Be.vu 0.28 Clumped -2.53 uniform 0.15 - -1.41 Random 0.15 -
Ar.si 0.00 - -8.80 uniform 0.08 - -0.15 Random 0.00 -
On.co 0.00 - 1.15 Clumped 0.00 - 1.39 Random 0.08 Random
As.go 0.00 - -1.46 uniform 0.00 - -0.17 Random 0.00 -

Ac.sc 0.34 Clumped -8.60 uniform 0.00 - -0.59 Random 0.15 Random
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Table 6- Parameters of Taylor and Iowa regression models for determining the distribution pattern of the
studied species

Regresion a B SEb R?adj Preg Distribution
Taylor's power law 0.273 1.615 0.37 0.80 0.00 Clumped
Iwao’s patchiness -0.081 2.509 4 0.60 0.00 Clumped
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Figure 3- Taylor’s power law, relationship between log variance (s?) and log mean (*) and Iwao’s

patchiness regression, relationship between mean crowding index (IMC) and mean (*) density of the

studied species
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