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Abstract Both interspecific association and interspecific segregation can be used to study the spatial affinity
between different species. They are connected but different. Interspecific association is more related to habitat
while interspecific segregation more to small-scale effects and intra-/inter-specific interactions. Association is
measured by plot sampling while segregation is measured by plotless nearest neighbor methods. Compared with
interspecific association few studies on pairwise segregation in a multi-species community have been reported.
Meanwhile clarifying the segregation relationship between different species pairs will be helpful for revealing
the phenomena of the species interactions community structure and community dynamics.

With the aid of GIS software ArcView  a distribution map of all trees with DBH= lcm from a tropical
rain forest community at Bawangling National Nature Reserve in Hainan Island was drawn. The nearest neigh-
bors of each individual and the distances between every individual-neighbour pair were obtained by using Ar-
cView s nearest-neighbor extension module Jeff Jenness' s Nearest Features v.3.5 . Based on this the spa-
tial pattern and interspecific segregation in the multi-species community was studied with a subtable method of
a N x N nearest-neighbor contingency table. Distribution pattern was measured by a revised Clark-FEvans index

CE and the often-used X2 method. Pielou’ s coefficient of segregation S was adopted to measure the seg-
regated degree between two species while 0.7< S<1 two species are positively segregated - 1<S< -0.
7 negatively segregated otherwise they are random neighbors. In order to solve zero cell problems each zero
cell of the contingency table had 0.001 added to it. This will not change the polarity of segregation and the ze-
ro denominators will be avoided in Pielou’ s equation. Pairwise segregation was shown in a constellation dia-
gram in which solid lines stand for positive segregation dash lines for negative segregation and different shapes
for different mean DBH. The subtable method is quick convenient and reliable. Its reliability increases with
the increase of number of individuals. This is the reason we only focus on the segregation relationship between
those species with more than 10 individuals. With the development of GIS software computer simulation as
well as the application of plotless sampling methods in a large area becomes possible. However there is not
any significant test for Pielou’ s coefficient until today. The statistical test for such subtables is still under
question for both ecologists and statisticians.
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some species pairs are positively segregated 23.3% and a few

pairs are negatively segregated 2.4% . In contrast the segregation relations between most of the species are

In the forest community we analyzed

random 74.3% . Our results support Pielou’ s opinion that negative segregation is rare in a mature plant
community. On the other hand most understory trees mean DBH < 15 ¢cm  are positively segregated between
each other few negatively segregated. No negative segregation occurs between large arbors mean DBH = 65
cm . Segregation relations between understory trees and large arbors are complicated. Meanwhile
species will not be negatively segregated with others. Some will not be positively segregated with others. Two
species have both positive and negative segregated relationship while only one species has neither positive nor
negative segregation with all other species. The results also indicated that interspecific segregation is closely re-
lated to their distribution patterns. Proportion of positive segregation between clumped species and other species
31.4% is much larger than that of random species 16.7% or uniform species 20.0% . Proportion of
negative segregation between clumped species and other species 1.3% is less than that of random 3.3%
or uniform species 2.4% . Clumped-clumped species pairs tend to be more positively segregated 43.1%
than that of other species pairs. Both clumped-uniform and random-random species pairs are more likely to be

most

negatively segregated with a proportion of 5.6% and 4.8% respectively. Whatever the species distribution or
the pairwise relative distribution is the proportion of random neighbor pairs is the largest.

Possible causes and ecological meanings of interspecific segregation were also discussed in this paper. In-
terspecific segregation results from the combination of many biotic or abiotic factors. For example negative
segregation may occur between dependent unions or those species with similar habitat requirements. Intensive
intraspecific competition may result in random or even uniform distribution therefore such species are apt to be
negatively segregated with other species. Large arbors tend to be positively segregated with other large arbors
since their size prevents them from occupying a small space. Clumped species should have more conspecific
neighbors that is less heterospecific neighbors. Thus they have some positive but no negative segregation re-
lationships .
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Table 3 Distribution patterns of 41 species in a tropical rain forest at Bawangling Hainan
Nearest-neighbor method X Chi-square test
No. Species CE w x ’ d
u value Pattern Xz value d value Pattern
1 Psychotria rubra 0.657 -9.515" C 81.788" 9.184 C
2 Polyalthia consanguinea 0.768 —4.884* C 19.049* 3.527 C
3 Helicia hainanensis 0.984 -0.290 R 3.060 0.238 R
4 Ervatamia divaricata 0.949 -0.869 R 6.345 1.326 R
5 Wrightia hainanensis 0.826 -2.712" C 10.854" 2.423 C
6 Polyalthia laui 0.832 -2.582"7 C 4.866 0.884 R
7 Lasianthus hainanensis 0.844 -2.297" C 14.470" 3.144 C
8 Symplocos poilanei 0.866 -1.861 R 22.771" 4.512 C
9 Walsura robusta 1.167 2.175% U 1.311 -0.113 R
10 Lasianthus cyanocarpos 1.053 0.677 R 1.970 -0.251 R
11 Ardisia crenata 0.919 -0.989 R 5.693 1.138 R
12 Litsea baviensis 0.947 -0.610 R 0.591 0.087 R
13 Xanthophyllum hainanense 1.116 1.347 R 0.145 -1.194 R
14 Aphania oligophylla 0.848 -1.764 R 3.030 0.730 R
15 Camellia sinensis var. assamica 0.728 -3.063" C 9.039" 2.016 C
16 Microcos paniculata 0.836 -1.812 R 15.940" 3.410 C
17 O Dysoxylum binectariferum 1.107 1.184 R 2.887 0.671 R
18 Cleistocalyx operculatus 0.963 -0.392 R 1.116 0.494 R
19 Blastus cochinchinensis 0.132 -8.804" C 248.666 " 20.065 C
20 Garcinia oblongifolia 0.788 -1.973" C 1.275 0.597 R
21 Schefflera octophylla 0.764 -2.200" C 1767.681 58.459 C
22 Syzygium brachyantherum 1.104 0.950 R 0.218 -1.072 R
23 Memecylon ligustrifolium 0.592 -3.717" C 48.889" 8.888 C
24 Prismatomeris tetranda 0.593 -3.711" C 10.313" 2.810 C
25 Sarcosperma laurinum 0.971 -0.262 R 1.895 0.947 R
26 Aquilaria sinensis 0.965 -0.308 R 4.508 1.271 R
27 Machilus monticola 0.668 -2.952" C 7.760" 2.207 C
28 Phoebe hungmaoensis 1.112 0.992 R 1.309 0.618 R
29 Oreocnide rubescens 0.516 -4.071" C 7.648" 2.911 C
30 Machilus sp. 0.867 -1.123 R 1.717 0.853 R
31 Meliosma angustifolia 0.762 -2.004" C 1.717 0.853 R
32 Acer fabri 0.825 -1.430 R 0.215 -0.344 R
33 Reevesia longipetiolata 1.091 0.721 R 0.174 -0.410 R
34 Diospyros cathayensis 0.748 -1.994" C 0.705 0.187 R
35 Turpinia montana 0.593 -3.115" C 19.409" 5.230 C
36 Ardisia obtuse 0.969 -0.226 R 12.211° 3.942 C
37 Ardisia quinquegona 0.883 -0.861 R 1.874 0.936 R
38 Syzygium chunianum 1.308 2.273" U 0.005 -0.900 R
39 Ficus harlandii 0.721 -1.982" C 74.6417 11.218 C
40 Aglaia tsangi 0.838 -1.152 R 16.575" 4.758 C
41 Litchi chinensis var. euspontanea 0.712 -2.047" C 0.045 -0.700 R
* p<0.05 R Random U Uniform C Clumped
4

Table 4  Proportion for various kinds of segregation between the species with a specific distribution pattern and other species %

Distribution pattern

Positive segregation

Random neighbor

Negative segregation

Clumped species

Random species

Uniform species

Total

31.4
16.7
20.0
23.3

67.4
80.0
76.3
74.3

1.2
3.3
3.7
2.4
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41
Fig.1 Constellation diagrams of interspecific segregation of 41 species with more than 10 individuals in a ravine rain forest stand at Bawangling

3 Legends to species refer to Table 3

2
Fig.2 Typical patterns of interspecific segregation
a Negative segregated pair S= -0.800 A Helicia hainanensis B Xanthophyllum hainanense b
Random neighbor pair S =0.496 A Psychotria rubra B Polyalthia lauwi ¢ Positive segregated pair S =0.815 A

Ardisia crenata B Polyalthia consanguinea
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2.3 2.4% 5
Clark-Evans 43.1%
4
31.4% 16.7% 5.6%
20.0% 4.8%
1.3% 3.3%
5
Table 5 Proportion for various kinds of segregation between the species pairs with different types of distribution pattern %
Distribution pattern of species pair Positive segregation Random neighbor Negative segregation
- Clumped-Clump pair 43.1 56.9 0
- Clumped-Random pair 23.5 74.6 1.9
- Clumped-Uniform pair 11.1 83.3 5.6
- Random-Random pair 13.8 81.4 4.8
- Random-Uniform pair 7.1 90.5 2.4
- Uniform-Uniform pair 0 100 0
Total 23.3 74.3 2.4
3 Pielou 1969
Pielou
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Intermin-
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