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Abstract ; Ecological scholars have shown spatial scale dependence with biodiversity. However, because there is no single
scale appropriate for measuring variation in resource distributions, the relationship between spatial distributions of limiting
resources and patterns of plant diversity has eluded plant ecologists. Thus, a multiscale method is imperative for
understanding spatial distribution patterns. The objectives of this study were: (1) to quantify species diversity with selected
species indices at different spatial scales, (2) to analyze the spatial distribution patterns of species diversity for the same
spatial scales using multifractal theory ( a multiscale, spatial structure analytical tool) and (3) to determine relationships
between them. A 100m x 100m ( 1hm®. ) plot, located in TianMu Mountain National Natural Preservation Areas, in the

western of Zhejiang Province, was investigated by precision measuring instruments. For spatial pattern analysis of species
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based on multiscale idea, the plot was divided into 10 subsets of 10 different spatial scales , namely 10m x 10m, 20m % 20m
------ 100m x 100m. In each scale, species diversity indices, including the Shannon-Wiener index ( H) , the Margalef index
(K) , and the Evenness index (E) , were first calculated, and then multifractal parameters, such as the singularity index
( Lipshitz-Holder exponents) o« and its fractal dimensions f{ ) ( multifractal spectrums), were computed. All visual
algorithm programs were designed with the MatLab language ( version 6.5 and above). Then, variations of species diversity
and spatial distribution patterns for different scales were analyzed with linear and nonlinear regression and their relationships
developed. Results of nonlinear regression analysis with power functions fit to curves of increasing spatial scale versus
diversity indices showed strong relationships with H increasing (R> = 0.71) but E (R* = 0.89) and K (R* = 0.88)
decreasing indicating that species diversity existed with scale dependence. From the multifractal method, results indicated
that species spatial distribution had multifractal features. For instance, through spatial scale changes the multifractal
spectrum of species showed a large difference with f( ) being the subset of species with singularity «. So, an infinite
hierarchy of dimensions using muliifractal formality can characterize the internal spatial pattern. Also, when the spatial
scale increased, o decreased while o, increased meaning that large-scale spatial patterns of species were aggregated
compared with small-scale patterns. In addition, the f( o) -0 spectrum range (SR) and its symmetrical ( Dist) in different
scales showed that larger spatial scales had a wider SR and less symmetry meaning the spatial distribution of species for
larger scales was nonuniform. Moreover, for the diversity indices H, E, and K, strong linear relationships with ., (R* =
0.67 —-0.94) and clear nonlinear associations with power functions for SR (R* = 0.58 —0.89) and Dist (R> = 0.62 -
0.88) were found. Since interactions of species diversity and spatial characteristics are very complex, the above
relationships need further validation along with precise explanations of any correlations among their ecological processes.
Overall , the importance of spatial scale in fractal theory, patterns, processes, and scales can be linked to fractals in ecology

with some innovative achievements occurring when traditional research methods are combined with fractal theory.
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Table1l Plot data from the Tian Mu Mountain National Natural Preservation Areas of western Zhejiang Province
= RS X F5 1 (m) Y75 (m) Z J5 1 (m) a2/ 4% (om) P (m)
No. Species code X direction Y direction Altitude DBH/stem basal Height
1 100 2.16 8.65 615.49 7.5 5.3
2 100 2.16 8.75 615.49 5 2.7
3 86 0.1 8.32 614.78 14.6 8.5
4 27 2.06 8.6 615.49 26.2 12
1783 102 92.06 93.37 644.27 6 6
1784 109 92.11 93.37 644 .32 11.5 6.5
1785 26 91.26 94.13 643.13 25.3 14
1786 61 94.12 94.45 643.6 9.5 4

FHEWE/NT 1.5 R RRRESIETALE SR8 1769 #R(N) , 35 79 1M (SP) Tablel has data from 1769 samples of 79 different
species; When tree height is less than 1.5m, DBH is replaced with the stem basal area (at ground level)
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Fig.1 (a) Spatial distribution of the research data and (b) its multiscale partition
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Table 2 Selected multifractal and other parameters

f(a(0)) Omin a( +q) a(0) Q(_q) = Omay Q) ~O(4q) O(_q) ~ Q) SR=0pg —Opin Dist
20 x20 1.034 0.3874 0.3874 1.2065 1.681 0.8191 0.4745 1.2936 0.2436
30 x30 0.8137 0.2132 0.2132 1.1505 1.6867 0.9374 0.5361 1.4735 0.2837
40 x40 0.8374 0.2034 0.2034 1.1959 1.6724 0.9925 0.4766 1.469 0.3648
50 x50 0.7801 0. 1881 0.1881 1.1884 1.6193 1.0003 0.4309 1.4312 0.4026
60 x 60 0.7862 0.1726 0.1726 1.2237 1.6823 1.0512 0.4585 1.5097 0.4191
70 x70 0. 8079 0. 1061 0.1061 1.2411 1.7577 1.135 0.5166 1.6516 0.4372
80 x 80 0. 6997 -0.0684 -0.0684 1.1779 1.7801 1.2463 0.6022 1.8485 0.4554
90 x 90 0.6813 -0.0745 -0.0745 1.2132 1.8046 1.2877 0.5913 1.879 0.4924
100 x 100 0.731 -0.0855 -0.0855 1.2849 1.8631 1.3704 0.5782 1.9485 0.5602
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