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Abstract

An algorithm for two-dimensional cluster analysis of component groups, originally from Zhang et al., (2004),
was introduced in this study. The algorithm composes of three procedures, i.e., calculation of distance
measures, randomization statistic test, and ordered clustering of components.
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1 Introduction

Ecological processes at the landscape level are self-organizing processes. Geographicaly, a landscape is
composed of many mosaics (components, as called in self-organization) occupied by various organisms. For
most organisms, mosaic structure determines their feeding, survival and prosperity (Bell et al., 1991; Zhang et
al., 2004). As a membrane or barrier or channel, the boundary between two mosaics affects the movement and
migration of organisms (Forman, 1995; Zhang and Schoenly, 1999; Qi, 2002; Qi and Zhang, 2002; Zhang,
2012, 2013; Zhang et al., 2013). Relationship between mosaic boundaries and biotic/abiotic factors has been
confirmed in many studies (Gillison and Brewer, 1985; Hansen et al., 1988; Holland et al., 1991). It was found
that homogeneous and continuous mosaics with less natural barriers were conducive to the spread of
organisms. The number and shape of mosaics determines ecosystems at the landscape level. In this study, an
algorithm for two-dimensional cluster analysis of component groups, originally from Zhang et al., (2004), was
introduced to address ordered classification of mosaics.

2 Method

Assume there are m mosaic indices and n sampling sites (mosaics, or components). Now we have the nxm
matrix (y;), and the algorithm is as follows:
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2.1 Choose distance measures

Distance measures are used to measure the similarity between mosaics (components). A larger distance value

means a lower similarity between two mosaics. We chose four categories, a total of 14 types of distance

measures here (Qi, 2002; Zhang, 2007; Zhang et al., 2004; Zhang, 2012; Zhang and Fang, 1982; Krebs, 1989).
(1) Minkowski distance measures. They include Euclidean distance, Manhattan distance, and Chebyshov

distance:

2i=(X "= (i - V) Im)
zj= Y "k=alyik - Yjil/m
Zij= max  |Yik - Yil i,j=1,2,...n

(2) Correlation based measures. They include Pearson correlation and angular cosine:

2= 1-3 "1 (i - Yio) Vi Vi) Ykt (Vi = Vi) X"t (i - Yin) )™
zi= 1-Y "1 (i Vi) I "er Yid X Meer Y)Y ij=1,2,....n

The two categories of indices are used to the indices with real values.
(3) Nominal distance measures. They include linkage coefficient, and three co-linkage coefficients based
distance measures:

zi=1-(¢I(x*+n, )

z;i=1-(¢/(n max(p-1,g-1)))
z;=1-(¢/(n_ min(p-1,0-1)))"2
zi=1-(¢I(n. ((p-1)(a-1))%)"*

where

X°= N (ZPiea X =ani?(ni.n j)-1)
n=>Peani, ni=X%n; , nj=Xfizng

where there are p nominal values, i.e., ty, t,,..., t,, for sampling site i and g nominal values, i.e., ry, r,..., rq, for
sampling site j. Assume that ny is the number of sampling site i takes value tx and sampling site j takes value r,
k=1,2,...,p;1=1,2,...,0.

(4) Boolean distance measures, including point correlation, quadratic correlation, two angular cosine
functions, and Jaccard coefficient based distance measures:

z;=1-(ad-bc)/((a+h)(c+d)(a+c)(b+d))
z=1-sin((a+d-(b+c))/(a+b+c+d)*3.1415926/2)
z;=1-(a*a/((a+b)(a+c)))
zij:1-(a*a*d*d/((a+b)(a+c)(b+d)(c+d)))1/ 2
zi=(b+c)/(b+c+d) ij=1,2,...n

where both sampling site i and sampling site j take values 0 or 1. a is the number of both sampling site i and
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sampling site j take value 0, b is the number of sampling site i takes 0 and sampling site j takes 1, c is the
number of sampling site i takes 1 and sampling site j takes 0, and d is the number of both sampling site i and
sampling site j take value 1.

2.2 Randomization test

If min y;; <0, lety;; = yi - miny; , i=1,2,...,n; j=1,2,...,m. z;; is the decimal number of y;;, and dij:].ozij. Let

Yij= Yij max j dij i=1,2,...,n

Through these transformations all of the values in sampling data become integers which are equivalent to
numbers of individuals. The randomization test used in present study is based on the idea that, if no difference
exists, then the distribution of individuals in sampling sites i and j will be a result of allocating the mixed
sampling site values at random into two sampling site of size equal to those of the original sampling site
(Solow, 1993; Manly, 1997; Zhang and Schoenly, 2001; Zhang et al., 2004; Zhang, 2007). The randomization
test procedure is described as the follows. Assume the two sampling sites to be tested are i and j, i=1, 2, ...,
n—1; j>i. The sijzzmkzl Vit =1 yik individuals of the combined sampling site are randomly reallocated into
two randomized sampling sites with ¥™=1 yik and Y=y yj labeled individuals. Calculate the expected
absolute distance (similarity) between the two randomized sampling sites and compare whether it is not less
than the absolute distance (similarity) between the true sampling sites i and j. Repeat the simulation many
times, calculate the number of the expected are not less than the absolute distance (similarity) between the
sampling site i and j, take the percentage as the p value. The p value is used to make statistical test. The
threshold p value for test may be defined as 0.05, 0.01, etc. If the calculated p value is less than (in the case of
similarity, larger than) p threshold, then the difference between sampling sites i and j is statistically significant.
2.3 Ordered regionalization of mosaics (components)
This procedure aims to conduct ordered regionalization of mosaics according to their similarity (Fang, 1979;
Zhang, 1993). Mosaics with significant difference belong to different groups (clusters). In the ordered cluster
analysis, the mosaics in the same group are geographically adjacent, and the lines between any two mosaics
that belong to different groups are not intersected.

Assume the two-dimensional coordinate of each sampling site (mosaic) is ( Vi, Yi12), i=1,2,...,n. And for
sampling sites i and j, i=1,2,...,n-1; j>i , calculate

g1(i.J)={K, 1| Yrr2>(Yjaz- Yir2) (Yiar- Yise)/( Yjaa- Yirn)+ Yinz}
92(i.1)={K, J | Yre2<(Yj12- Yir2) ( Yiar~ Yire)/( Yjaa- Yirn)+ Yinz}
Ga(i.))=1K, J | Yiaz>(Yijrz- Yir2)( Yiar- Yian)/( Vi~ Yirn)+ Yiso}
Ga(i,j)={k, 1] yie2<(Yj12- Yir2)( Y11~ Yire)/( Yjr1- Yian)+ Viro}

Thus there will be n(n-1) possible classifications. In each classification, for the sampling site i (i;<i<i,-1) in

sub-group 1 and the sampling site j (i,<j<is-1) in sub-group 2, calculate the p value, p;;, in the randomization
test, and choose the classification that meets the condition:

min pbar=(Y** < X" 2 i ((i- i) (i~ i2))
Suppose there have been k groups, obtain two sub-groups for each group, and choose a group to make

sub-classification. If k=n, then stop the procedure. Therefore a cluster graph with different statistical
significance levels can be achieved.
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If all values of max min pbar are larger than the given threshold p value, then the landscape is continuous

and homogeneous. Or else there are several mosaics with significant differences.

The algorithm is implemented as a Java program, TwoDimBoundDetector, based on JDK 1.1.8, in which
several classes and an HTML file is included (http://www.iaees.org/publications/software/index.asp) (Fig. 1
and 2). In data file, the first two columns are 2-dimensional coordinates of sampling sites and the remaining

columns are for every index.

Egghpplet ¥iewer: TwolimBoundletector. class

Applet

Choose Distance Measure

|1 Pearson Correlation Coefficient ;I
Mumber of Sites

[15
Mumber of Indices
E

Mo. Randomizations (e.g.,1000)
[100

Significance Level {(0.01,0.05,0.1)
fo.05

Open Habitat File
‘Run Hint

Applet started.

Fig. 1 Applet window of the algorithm-Input.

=10 x|

P_test value=0.0028=<=0.05, statistically significant
(1235678591011 12131415) (4)

P_test value=0.0121==0.05, statistically significant
(1235678911 12131415) (10) (4)

P_test value=0.0133==0.05, statistically significant
(1235679 1112131415) (8) (10) (4)

4] |

I'Harning: Applet Window

Fig. 2 Applet window of the algorithm-Output.
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3 Applications

3.1 Two-dimensional distribution of grass families in Zhuhai

Sampling survey was conducted on May 22, 2008 in a grass community of Zhuhai, China (Fig. 3). In total of
100 samples were taken along a linear transect. Each sample had a size of 1m x 1m. Grass families and cover
(%) in each sample were recorded. Totally 16 grass families were found and treated as the indices for cluster
analysis.

1 11 21 31 41 51 61 71 81 91
2 12 22 32 42 52 62 72 82 92
3 13 23 33 43 53 63 73 83 93
4 14 24 34 44 54 64 74 84 94
5 15 25 35 45 55 65 75 85 95
6 16 26 36 46 56 66 76 86 96
7 17 27 37 47 57 67 77 87 97
8 18 28 38 48 58 68 78 88 98
9 19 29 39 49 59 69 79 89 99
10 20 30 40 50 60 70 80 90 100

Fig. 3 Geographical distribution of sampling sites in a meadow of Zhuhai.

We chose Euclidean distance, and randomize 100 times; the threshold p value is 0.05. The classification
results of 100 samples were as follows:

P_test value=0.0017<=0.05, statistically significant

(1) (234567891011121314151617 1819202122 2324 2526 27 28 29 30 31 32 33 34 35 36 37
3839 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
7374757677 7879 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 )

P_test value=0.0039<=0.05, statistically significant

(1) (234567891011121314151617 181921 222324252627 28 29 30 31 32 33 34 35 36 37 38
39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73
74757677 78798081828384858687888990919293949596979899100) (20)

P_test value=0.0045<=0.05, statistically significant

1) (2) (34567891011121314151617 181921222324 2526272829 3031 323334353637
3839 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
7374757677 7879 8081828384858687888990919293949596979899100) (20)

P_test value=0.0227<=0.05, statistically significant

1) (2) (3) (456789101112131415161718192122 2324252627 2829 30313233343536
3738394041 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
727374757677 78798081 828384858687838990919293949596979899100) (20)

P_test value=0.0237<=0.05, statistically significant
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1) 2) (3) (456791011121314151617 18192122 2324252627 28 29 30 3132333435 36
373839404142 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
727374757677 78798081 828384858687838990919293949596979899100) (8) (20)
P_test value=0.0298<=0.05, statistically significant

1) 2) (3) (456791011121314151617 18192122 2324252627 28 29 30 313233343536
373839404142 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72
7374757677 78798081828384858687838990919293949596979899100) (60) (8) (20)
P_test value=0.0308<=0.05, statistically significant

1) 2) (3) (45679101314151617 181921222324 2526272829 303132333435363738
39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74
7576 77 78 79 80 81 82 83 84 85 86 87 88899091 9293949596 979899100) (1112) (60) (8)
(20)

P_test value=0.0308<=0.05, statistically significant

1) 2) (3) (45679101314151617 181921222324 2526272829 303132333435363738
39 40 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
76 7778798081828384858687888990919293949596979899100) (41) (1112) (60) (8)
(20)

P_test value=0.0311<=0.05, statistically significant

1) 2) (3) (45679101314151617 181921222324 2526272829 303133343536373839
40 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76
7778798081828384858687888990919293949596979899100) (32) (41) (1112) (60)
&) (20)

P_test value=0.0315<=0.05, statistically significant

1) 2) (3) (45679101314151617181921222324 2526272829 303133343536373839
40 42 43 44 45 46 47 48 49 50 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77
78 798081 828384858687888990919293949596979899100) (51) (32) (41) (1112)
(60) (8) (20)

P_test value=0.0319<=0.05, statistically significant

1) 2) (3) (413212231) (56791014151617 1819 2324252627 282930333435363738
39 40 42 43 44 45 46 47 48 49 50 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76
7778798081828384858687888990919293949596979899100) (51) (32) (41) (1112)
(60) (8) (20)

P_test value=0.0332<=0.05, statistically significant

1) (2) (B) (413212231) (5691014151617 181923242526 27 28 29 30 33 34 35 36 37 38 39
40 42 43 44 45 46 47 48 49 50 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77
78 798081828384858687888990919293949596979899100) (7) (51) (32) (41) (11
12) (60) (8) (20)

P_test value=0.0482<=0.05, statistically significant

1) (2) (B) (413212231) (5691014151617 181923242526 27 28 29 30 33 34 35 36 37 38 39
40 42 43 44 45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78
798081828384858687888990919293949596979899100) (50) (7) (1) (32) (41)
(1112) (60) (8) (20)

P_test value=0.0593>0.05, not statistically significant

1) 2) (3) (413212231) (591014151617 1819 2324252627 28 29 30 33 34 3536 37 38 39
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40 42 43 44 45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78
798081828384858687888990919293949596979899100) (6) (50) (7) (51) (32) (41)
(1112) (60) (8) (20)

P_test value=0.0733>0.05, not statistically significant

1) 2) (3) (413212231) (591014151617 1819 2324252627 2829 30 33 34 3536 37 38 39
40 42 43 44 45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78
7980818283848586878889909192939596979899100) (94) (6) (B50) (7) (B1) (32)
(41) (1112) (60) (8) (20)

P_test value=0.0755>0.05, not statistically significant

1) 2) (3) (413212231) (591014151617 1819 24252627 28 29 30 33 34 35 36 37 38 39 40
43 44 45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78 79 80
81828384 8586878889909192939596979899100) (2342) (94) (6) (B0) (7) (51)
(32) (41) (1112) (60) (8) (20)

P_test value=0.0744>0.05, not statistically significant

1) 2) (3) (413212231) (591014151617 1819 24252627 28 29 30 33 34 35 36 37 38 39 40
43 44 45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78 79 80
8182838485868788899091929396979899100) (95) (2342) (94) (6) (B50) (7) (1)
(32) (41) (1112) (60) (8) (20)

P_test value=0.0778>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (1424252627 2829 303334 3536373839
40 43 44 45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78 79
808182838485868788899091929396979899100) (95) (2342) (94) (6) (50) (7)
(51) (32) (41) (1112) (60) (8) (20)

P_test value=0.08>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (142425262829 3033 34 353637383940
43 44 45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78 79 80
8182838485868788899091929396979899100) (27) (95) (2342) (94) (6) (50) (7)
(51) (32) (41) (1112) (60) (8) (20)

P_test value=0.0818>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (1424252829 303334 35363738394043
44 45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78 79 80 81
828384 85868788899091929396979899100) (26) (27) (95) (2342) (94) (6) (50)
(7) (1) (32) (41) (1112) (60) (8) (20)

P_test value=0.083>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14242529 3033343536373839404344
45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78 79 80 81 82
8384 85868788899091929396979899100) (28) (26) (27) (95) (2342) (94) (6)
(50) (7) (1) (32) (41) (1112) (60) (8) (20)

P_test value=0.0877>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14242529 3033343536373839404344
45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78 79 80 81 82
8384858687888990919293979899100) (96) (28) (26) (27) (95) (2342) (94) (6)
(50) (7) (1) (32) (41) (1112) (60) (8) (20)

P_test value=0.1072>0.05, not statistically significant
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1) 2) (3) (413212231) (59101516171819) (142425293033 343536373839404344
45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78 79 80 81 82
8384 8586878889909192939899100) (97) (96) (28) (26) (27) (95) (2342) (94)
(6) (50) (v) (1) (32) (41) (1112) (60) (8) (20)

P_test value=0.1093>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (142425293033 343536373839404344
45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78 79 80 81 82
838485868788899091929399100) (98) (97) (96) (28) (26) (27) (95) (2342) (94)
(6) (50) (v) (1) (32) (41) (1112) (60) (8) (20)

P_test value=0.1106>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (142425293033 343536373839404344
45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78 79 80 81 82
8384858687888990919293100) (99) (98) (97) (96) (28) (26) (27) (95) (2342)
(94) (6) (50) (7) (1) (32) (41) (1112) (60) (8) (20)

P_test value=0.1133>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (142425293033 343536373839404344
45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78 79 80 81 82
83848586878890919293100) (89) (99) (98) (97) (96) (28) (26) (27) (95) (23
42) (94) (6) (50) (7) (51) (32) (41) (1112) (60) (8) (20)

P_test value=0.117>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (142425293033 343536373839404344
45 46 47 48 49 52 53 54 55 56 57 58 59 61 62 63 64 65 66 67 68 69 70 71 72 73 74 7576 77 78 79 80 87 88
90) (818283848586919293100) (89) (99) (98) (97) (96) (28) (26) (27) (95)
(2342) (94) (6) (B50) (7) (B1) (32) (41) (1112) (6O) (8) (20)

P_test value=0.1444>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14242529 3033343536373839404344
45 46 47 48 49 52 53 54 55 56 57 58 61 62 63 64 65 66 67 68 71 72 73747576 77 87) (59 69 70 78 79 80
8890) (818283848586919293100) (89) (99) (98) (97) (96) (28) (26) (27) (95)
(2342) (94) (6) (B0) (7) (B1) (32) (41) (1112) (6O) (8) (20)

P_test value=0.1428>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (142425293033 343536373839404344
4546 47 48 49 52 53 54 5556 57 58 61 62 63 64 65 66 67 68 71 72737576 7787) (74) (5969 707879
808890) (818283848586919293100) (89) (99) (98) (97) (96) (28) (26) (27)
(95) (2342) (94) () (B0) (7) (B1) (32) (41) (1112) (60) (8) (20)

P_test value=0.158>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (142425293033 343536373839404344
45 46 47 48 49 52 53 54 55 56 57 58 61 62 63 64 6567 68 717273 75767787) (66) (74) (5969 70
7879808890) (818283848586919293100) (89) (99) (98) (97) (96) (28) (26) (27)
(95) (2342) (94) () (B0) (7) (B1) (32) (41) (1112) (60) (8) (20)

P_test value=0.1658>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14242529 3033343536373839404344
45 46 47 48 52 53 54 5556 57 61 62 63 64 6571 727375) (49586768767787) (66) (74) (5969
707879808890) (818283848586919293100) (89) (99) (98) (97) (96) (28) (26)
(27) (95) (2342) (94) (B) (B30) (7) (*1) (32) (41) (1112) (BO0) (8) (20)
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P_test value=0.2045>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (142425293033 343536373839404344
4546 47 485253545556 576162636471727375) (65) (49586768767787) (66) (74) (59
69707879808890) (818283848586919293100) (89) (99) (98) (97) (96) (28) (26)
(27) (95) (2342) (94) (6) (BO0) (7) (B1) (32) (41) (1112) (BO) (8) (20)

P_test value=0.2168>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14242529 3033343536373839404344
45 46 47 48 52 53 54 55 56 57 61 62 6364 7172 73) (75) (65) (49586768767787) (66) (74)
(5969707879808890) (818283848586919293100) (89) (99) (98) (97) (96) (28)
(26) (27) (95) (2342) (94) () (BO) (7) (B1) (32) (41) (1112) (6O0) (8) (20)
P_test value=0.2653>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (142425293033 343536373839404344
45 47 48 52 53 54 55 56 57 61 62 6364 717273 ) (46) (75) (65) (4958 676876 7787) (66)
(74) (5969707879808890) (818283848586919293100) (89) (99) (98) (97) (96)
(28) (26) (27) (95) (2342) (94) () (B50) (7) (B1) (32) (41) (1112) (60) (8)
(20)

P_test value=0.2898>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14242529 3033343536373839404344
4547 485354555657 63647273) (52616271) (46) (75) (65) (49586768767787) (66)
(74) (5969707879808890) (818283848586919293100) (89) (99) (98) (97) (96)
(28) (26) (27) (95) (2342) (94) () (B50) (7) (B1) (32) (41) (1112) (60) (8)
(20)

P_test value=0.2992>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (142425293033 343536373839404344
45 47 48 53545556 576364 72) (73) (52616271) (46) (75) (65) (495867 68 76 77 87)
(66) (74) (5969707879808890) (818283848586919293100) (89) (99) (98) (97)
(96) (28) (26) (27) (95) (2342) (94) (B6) (B50) (7) (B1) (32) (41) (1112) (60)
&) (20)

P_test value=0.2875>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (242529303334353637383940
43 44 4547 4853545556 576364 72) (73) (52616271) (46) (75) (65) (495867687677
87) (66) (74) (5969707879808890) (818283848586919293100) (89) (99) (98)
(97) (96) (28) (26) (27) (95) (2342) (94) (6) (B50) (7) (B1) (32) (41) (1112)
(60) (8) (20)

P_test value=0.3004>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (242529 33343536 3738394043
44 45 47 48 5354 5556576364 72) (30) (73) (52616271) (46) (75) (65) (4958676876
7787) (66) (74) (5969707879808890) (818283848586919293100) (89) (99) (98)
(97) (96) (28) (26) (27) (95) (2342) (94) (6) (B50) (7) (B1) (32) (41) (1112)
(60) (8) (20)

P_test value=0.3207>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (242529 33343536 3738394043
44 4547 4853545556636472) (57) (30) (73) (52616271) (46) (75) (65) (49586768
76 7787) (66) (74) (5969707879808890) (818283848586919293100) (89) (99)
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(98) (97) (96) (28) (26) (27) (95) (2342) (94) (6) (50) (7) (1) (32) (41)
(1112) (60) (8) (20)

P_test value=0.3224>0.05, not statistically significant

1) 2) (B) (413212231) (59101516171819) (14) (242529 33343536 37 38394043
44 454853 545556636472) (47) (57) (30) (73) (52616271) (46) (75) (65) (4958
6768767787) (66) (74) (5969707879808890) (818283848586919293100) (89) (99)
(98) (97) (96) (28) (26) (27) (95) (2342) (94) (6) (50) (7) (1) (32) (41)
(1112) (60) (8) (20)

P_test value=0.3424>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (242529 33343536 3839404344
454853545556 636472) (37) (47) (57) (30) (73) (52616271) (46) (75) (65) (49
58 676876 7787) (66) (74) (5969707879808890) (818283848586919293100) (89)
(99) (98) (97) (96) (28) (26) (27) (95) (2342) (94) (6) (50) (7) (51) (32)
(41) (1112) (60) (8) (20)

P_test value=0.3769>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (24253334 3536383940434445
4853545556636472) (29) (37) (47) (b7) (30) (73) (52616271) (46) (75) (65)
(49586768767787) (66) (74) (5969707879808890) (818283848586919293100) (89)
(99) (98) (97) (96) (28) (26) (27) (95) (2342) (94) (6) (50) (7) (51) (32)
(41) (1112) (60) (8) (20)

P_test value=0.3631>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (242533343536383940434445
48535455566372) (64) (29) (37) (47) (57) (30) (73) (52616271) (46) (75)
(65) (49586768767787) (66) (74) (5969707879808890) (818283848586919293100)
(89) (99) (98) (97) (96) (28) (26) (27) (95) (2342) (94) (6) (30) (7) (51)
(32) (41) (1112) (60) (8) (20)

P_test value=0.4022>0.05, not statistically significant

1) 2) (B) (413212231) (59101516171819) (14) (24253334434453546372) (35
3638394045485556) (64) (29) (37) (47) (57) (30) (73) (52616271) (46) (75)
(65) (49586768767787) (66) (74) (5969707879808890) (818283848586919293100)
(89) (99) (98) (97) (9%6) (28) (26) (27) (95) (2342) (94) (6) (50) (7) (51)
(32) (41) (1112) (60) (8) (20)

P_test value=0.375>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (24253334434453546372) (35
36 384045485556) (39) (B64) (29) (37) (47) (57) (30) (73) (52616271) (46)
(715) (65) (49586768767787) (66) (74) (5969707879808890) (81828384858609192
93100) (89) (99) (98) (97) (96) (28) (26) (27) (95) (2342) (94) (6) (B50) (7)
(51) (32) (41) (1112) (60) (8) (20)

P_test value=0.412>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (24253334434453546372) (35
363840454855) (56) (39) (64) (29) (37) (47) (57) (30) (73) (52616271) (46)
(75) (65) (49586768767787) (66) (74) (5969707879808890) (81828384858609192
93100) (89) (99) (98) (97) (96) (28) (26) (27) (95) (2342) (94) () (B30) (7)
(51) (32) (41) (1112) (B0) (8) (20)
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P_test value=0.3349>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (24253334434453546372) (35
3638454855) (40) (B56) (39) (B4) (29) (37) (47) (B7) (30) (73) (526162 71)
(46) (75) (65) (49586768767787) (66) (74) (5969707879808890) (818283848586
919293100) (89) (99) (98) (97) (96) (28) (26) (27) (95) (2342) (94) (6) (50)
(7) (1) (32) (41) (1112) (60) (8) (20)

P_test value=0.548>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (24253334434453546372) (35
36384555) (48) (40) (56) (39) (64) (29) (37) (47) (57) (30) (73) (52616271)
(46) (75) (65) (49586768767787) (66) (74) (5969707879808890) (818283848586
919293100) (89) (99) (98) (97) (96) (28) (26) (27) (95) (2342) (94) (6) (50)
(7) (1) (32) (41) (1112) (60) (8) (20)

P_test value=0.8099>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (24253334434453546372) (35
364555) (38) (48) (40) (56) (39) (B4) (29) (37) (47) (57) (30) (73) (526162
71) (46) (75) (65) (49586768767787) (66) (74) (5969707879808890) (81828384
8586919293100) (89) (99) (98) (97) (96) (28) (26) (27) (95) (2342) (94) (6)
(50) (7) (1) (32) (41) (1112) (60) (8) (20)

P_test value=0.9333>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (24253334434453546372) (35
3645) (55) (38) (48) (40) (56) (39) (64) (29) (37) (47) (57) (30) (73) (52861
6271) (46) (75) (65) (49586768767787) (66) (74) (5969707879808890) (818283
848586919293100) (89) (99) (98) (97) (96) (28) (26) (27) (95) (2342) (94)
(6) (50) (7) (1) (32) (41) (1112) (60) (8) (20)

P_test value=0.965>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (24253334434453546372) (35)
(3645) (55) (38) (48) (40) (56) (39) (64) (29) (37) (47) (57) (30) (713) (b2
616271) (46) (75) (65) (49586768767787) (66) (74) (5969707879808890) (8182
83848586919293100) (89) (99) (98) (97) (96) (28) (26) (27) (95) (2342) (94)
(6) (50) (7) (1) (32) (41) (1112) (60) (8) (20)

P_test value=0.99>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (24253334434453546372) (35)
(36) (45) (55) (38) (48) (40) (56) (39) (64) (29) (37) (47) (57) (30) (73)
(52616271) (46) (75) (65) (49586768767787) (66) (74) (5969 7078 79 80 88 90 )
(818283848586919293100) (89) (99) (98) (97) (96) (28) (26) (27) (95) (2342)
(94) (6) (50) (7) (1) (32) (41) (1112) (60) (8) (20)

P_test value=0.2388>0.05, not statistically significant

1) (2) (B3) (413212231) (59101516171819) (14) (242533344344535472) (63)
(35) (36) (45) (55) (38) (48) (40) (56) (39) (64) (29) (37) (47) (57) (30)
(713) (52616271) (46) (75) (65) (49586768767787) (66) (74) (5969 7078 79 80 88
90) (818283848586919293100) (89) (99) (98) (97) (96) (28) (26) (27) (95)
(2342) (94) (6) (B50) (7) (1) (32) (41) (1112) (6O0) (8) (20)

P_test value=0.4835>0.05, not statistically significant

1) (2) (3) (413212231) (59101516171819) (14) (24253444535472) (3343) (63)
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(35) (36) (45) (55) (38) (48) (40) (56) (39) (64) (29) (37) (47) (57) (30)
(713) (52616271) (46) (75) (65) (4958676876 7787) (66) (74) (5969 7078 79 80 88
90) (818283848586919293100) (89) (99) (98) (97) (96) (28) (26) (27) (95)
(2342) (94) (6) (B0) (7) (B1) (32) (41) (1112) (60) (8) (20)

P_test value=0.614>0.05, not statistically significant

1) 2) (B) (413212231) (59101516171819) (14) (242534535472) (44) (3343)
(63) (35) (36) (45) (55) (38) (48) (40) (56) (39) (64) (29) (37) (47) (57)
(30) (73) (52616271) (46) (75) (65) (49586768767787) (66) (74) (5969707879
808890) (818283848586919293100) (89) (99) (98) (97) (96) (28) (26) (27)
(95) (2342) (94) () (B0) (7) (B1) (32) (41) (1112) (60) (8) (20)

P_test value=0.71>0.05, not statistically significant

1) (2) (3) (413212231) (59101516171819) (14) (2425345372) (54) (44) (33
43) (63) (35) (36) (45) (B5) (38) (48) (40) (B6) (39) (B64) (29) @B7) (471)
(57) (30) (73) (52616271) (46) (75) (65) (49586768767787) (66) (74) (596970
7879808890) (818283848586919293100) (89) (99) (98) (97) (96) (28) (26) (27)
(95) (2342) (94) (B) (B0) (7) (B1) (32) (41) (1112) (60) (8) (20)

P_test value=0.7383>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (24253472) (53) (54) 44)
(3343) (63) (35) (36) (45) (55) (38) (48) (40) (56) (39) (64) (29) (37) 47)
(57) (30) (73) (52616271) (46) (75) (65) (49586768767787) (66) (74) (596970
7879808890) (818283848586919293100) (89) (99) (98) (97) (96) (28) (26) (27)
(95) (2342) (94) () (B0) (7) (B1) (32) (41) (1112) (60) (8) (20)

P_test value=0.8133>0.05, not statistically significant

1) 2) (3) (413212231) (59101516171819) (14) (243472) (25) (B53) (54) (44)
(3343) (63) (35) (36) (45) (55) (38) (48) (40) (56) (39) (64) (29) (37) 47)
(57) (30) (73) (52616271) (46) (75) (65) (49586768767787) (66) (74) (596970
7879808890) (818283848586919293100) (89) (99) (98) (97) (96) (28) (26) (27)
(95) (2342) (94) () (B0) (7) (B1) (32) (41) (1112) (60) (8) (20)

P_test value=0.89>0.05, not statistically significant

1) (2) (3) (413212231) (59101516171819) (14) (24) (3472) (25) (B3) (54)
(44) (3343) (63) (35) (36) (45) (B5) (38) (48) (40) (56) (39) (B64) (29) (37)
(47) (57) (30) (73) (52616271) (46) (75) (65) (49586768 767787) (66) (74)
(5969707879808890) (818283848586919293100) (89) (99) (98) (97) (96) (28)
(26) (27) (95) (2342) (94) (6) (B0) (7) (B1) (32) (41) (1112) (6O) (8) (20)
P_test value=1.0>0.05, not statistically significant

1) 2) (B) (413212231) (59101516171819) (14) (24) (34) (72) (25) (53) (54)
(44) (3343) (63) (35) (36) (45) (55) (38) (48) (40) (56) (39) (B64) (29) (37)
(47) (57) (30) (73) (52616271) (46) (75) (65) (49586768767787) (66) (74)
(5969707879808890) (818283848586919293100) (89) (99) (98) (97) (96) (28)
(26) (27) (95) (2342) (94) () (B0) (7) (B1) (32) (41) (1112) (6O0) (8) (20)
P_test value=0.33>0.05, not statistically significant

1) 2) (B) (413212231) (59101516171819) (14) (24) (34) (72) (25) (53) (54)
(44) (33) (43) (63) (35) (36) (45) (55) (38) (48) (40) (56) (39) (64) (29)
(37) @47) (57) (30) (713) (52616271) (46) (75) (65) (4958 6768 76 77 87 ) (66)
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(74) (5969707879808890) (818283848586919293100) (89) (99) (98) (97) (96)
(28) (26) (27) (95) (2342) (94) (6) (50) (7) (51) (32) (41) (1112) (60) (8)
(20)

Fig. 4 indicates 2-dimensional classification for p=0.0482 (<=0.05, statistically significant).

Fig. 4 Classification for p=0.0482 (<=0.05, statistically significant).

3.2 Two-dimensional vegetation distribution in Ngari
Data on vegetation types and environmental indicators for Ngari, Tibet, was chosen for the case application
(Chang, 1991). A total of 15 sampling sites (they were sampled based on vegetation types as low mountain
desert, low mountain steppe desert, low mountain desert steppe, middle mountain desert, middle mountain
grassland desert, middle mountain desert grassland, upper-middle mountain desert grassland, upper-middle
mountain grassland, sub-alpine grasslands, sub-alpine meadow grassland, alpine grassland desert, alpine desert
grassland, alpine grasslands, alpine meadow grassland and alpine meadow, with numbers 1-15), and 8 indices
of mosaic characteristics (mean annual temperature, temperature of the hottest month, the coldest temperature,
annual precipitation, biological temperature, transpiration rate, surface soil organic matter content and pH
value) were used. Latitude and longitude, i.e., geographical coordinates, were used as the two-dimensional
coordinates (Fig. 5; Table 1).

We chose Euclidean distance, and randomize 100 times; the threshold p value is 0.05. The classification
results were as follows:
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Fig. 5 Geographical distribution of sampling sites in Ngari.
Table 1 Data on vegetation types and environmental indicators for Ngari, Tibet (Zhang et al., 1991).
Latitude Longitude  Mean Temper.  The Annual Biologica  Transpiration  Surface soil PH
® © annual  of the coldest  precipi. | temper. rate organic
temper.  hottest temper. matter
month content
78.917 31.867 5.3 18.3 -5 123.6 7.7 2.2 0.9 8
78.783 31.8 7.3 20.6 -1 161.3 9.9 1.3 11 7.9
78.917 31.833 34 16 -8.2 97.8 6 2.8 19 7.8
79.317 33.6 -2.5 11 -14.8 48.3 3 29 0.5 8.3
79.433 32.867 -3 10.7 -14.1 68.7 3 25 0.7 8
80.083 32.333 -1.2 111 -13.3 92 3.2 2.3 1 7.9
80.917 31.817 -1.4 10.3 -13.4 120.6 29 1.6 15 7.8
80.667 31.383 -1.9 9.2 -13.6 123.2 25 1.3 24 7.5
80.6 323 -3 8.8 -14.6 112.3 2.3 1.2 2.6 7.5
80.767 31.133 -2.7 8 -13.8 142.2 2.2 0.6 4.1 6.9
80.45 34.683 -9 4.5 -18.8 81.2 0.8 04 0.4 8.4
81.667 34.833 -8.1 5.7 -19.1 84.1 0.9 11 0.9 8.1
80.933 34.3 -1.7 5.6 -18.3 87 1 0.8 24 7.6
80.533 33.833 -7.6 5.2 -17.5 101.3 11 0 3.2 7.2
80.533 32.667 -6.5 5.2 -16.1 129.5 1.3 -0.5 6.5 6.4
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We chose Pearson correlation coefficient, and randomize 100 times; the threshold p value is 0.05. The

results were as follows:

P_test value=0.0028<=0.05, statistically significant

(12356789101112131415) (4)

P_test value=0.0121<=0.05, statistically significant
(123567891112131415) (10) (4)
P_test value=0.0133<=0.05, statistically significant

(12356791112131415) (8) (10) (4)

P_test value=0.0129<=0.05, statistically significant

(1235691112131415) (7) (8) (10) (4)

P_test value=0.0108<=0.05, statistically significant
(123561112131415) (9) (7) (8) (10) 4)
P_test value=0.0077<=0.05, statistically significant

(1235611121314) (15) (9) (7) (8) (10) (4)

P_test value=0.0133<=0.05, statistically significant
(123511121314) (6) (15) (9) (7)) B) (@O) &)

Between-sampling site p values matrix is listed as the following:

1 023
0.23 1
0.38 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

References

= O O O

0.04

O O O O O O o o o o

0
0
0.24

0.22

0.24
0.1
0.42

0.02
0.04
0.07
0.05

0

0.34

0.02
0.01

0
0
0.05

0.93
0.78

0.04
0.1

0
0
0.02

0.42
0.9
0.93

0.23

0.01

0.23
0.11

O O O o o o

0.34
0.78
0.23

M O O o o -

o O o o

0.13
0.02

P B, O O O O

0.95
0.08
0

O O o o

0.26
0.04

P P O O O O

0.97
0.14
0

O O o o

0.13

0.07

0.01

0.95
0.97

0.56

0 0
0 0
0 0
0 0
0 0
0.05 0
0.02 0.01
0.04 0.1
0.23 0.11
0 0.2
0.08 0
0.14 0
0.56 0
1 0.07
0.07 1

Bell SS, McCoy ED, Mushinsky HR. 1991. Habitat structure: the physical arrangements of objects in space.
Chapman and Hall, New York, USA
Chang HS. 1991. Indirect gradient analysis, quantitative classification and environmental interpretation of
plant communities in Ngari, Xizang (Tibet). Acta Phytoecologica et Geobotanica Sinica, 15(2): 101-113
Fang KT. 1979. Several cluster methods for ordered samples. Journal of Applied Mathematics, 5: 94-101

IAEES

www.iaees.org



Selforganizology, 2014, 1(2): 62-77 77

Forman RTT,1995. Land mosaics: the ecology of landscapes and regions. Cambridge University Press, USA

Gillison AN, Brewer KRW. 1985. The use of gradient directed transects or gradsects in natural resource
surveys. Journal of Environmental Management, 20: 103-127

Hansen AJ, de Castro F, Naiman RJ. 1988. Ecotones: when and why? Biology International (Special Issue), 17:
9-46

Holland MM, Risser PG, Naiman RJ. 1991. Ecotones: the Role of Landscape Boundaries in The Management
and Restoration of Changing Environments. Chapman and Hall, New York, USA

Krebs CJ. 1989. Ecological Methodology. Happer Collins Publishers Inc, New York, USA

Manly BFJ. 1997. Randomization, bootstrap and Monte Carlo methods in biology (Second Edition). Chapman
& Hall, London, UK

Qi YH. 2002. Habitat Heterogeneity and Pest Diffusion in Different Habitats: Models and Algorithms. MSc
Thesis. Sun Yat-sen University, China

Qi YH, Zhang WJ. 2002. A percolation model for pest perturbation in diverse habitat and net work computing
software. Modern Computer, 133: 16-19

Solow AR. 1993. A simple test for change in community structure. Journal of Animal Ecology, 62: 191-193

Zhang WJ. 1993. Two-dimensional order clustering and its application in the regionalization of agriculture:
Taking Yanan Prefecture in Shaanxi Province as an example. Bulletin of Soil and Water Conservation,
13(1): 34-41

Zhang WJ. 2007. Computer inference of network of ecological interactions from sampling data. Environmental
Monitoring and Assessment, 124: 253-261

Zhang WJ. 2012. Computational Ecology: Graphs, Networks and Agent-based Modeling. World Scientific,
Singapore

Zhang WJ. 2013. Selforganizology: A science that deals with self-organization. Network Biology, 3(1): 1-14

Zhang WJ, Qi YH, Zhang ZG. 2004. An algorithm and network software used to detect homogeneity of
ecological habitat and its randomization statistic test. Computer Applications and Software, 21(11): 66-69

Zhang WJ, Qi YH, Zhang ZG. 2013. A Cellular Automata Method for Species Migration Process in
Heterogeneous Environment. In: Self-organization: Theories and Methods (WenJun Zhang, ed). 195-200,
Nova Science Publishers, New York, USA

Zhang WJ, Schoenly KG. 1999. IRRI Biodiversity Software Series. 11l BOUNDARY:: a program for detecting
boundaries in ecological landscapes. IRRI Technical Bulletin No. 3. International Rice Research Institute,
Manila, Philippines

Zhang WJ, Schoenly KG. 2001. A randomization test and software to compare ecological communities.
International Rice Research Notes, 26(2): 48-49

Zhang YT, Fang KT. 1982. Introduction to Multivariate Statistics. 393-401, Science Press, Beijing, China

IAEES www.iaees.org





