
Abstract Interspecific relationships in a natural forest 
dominated by Pinus kwangtungensis, a rare and endangered 
pine species endemic to China, were studied based on inven-
tory data from 7,200  m2 plots in Nanling National Nature 
Reserve. With the aim to quantitatively analyze the relation-
ships of P. kwangtungensis to other species in the forest 
community and to their habitat, the continuous transect 
sampling method was employed by placing a horizontal 
transect (10  mx120  m) at a 100  m altitudinal interval from 
1,100  m to 1,600  m a.s.l., which represents the altitudinal 
range of P. kwangtungensis in Nanling National Nature 
Reserve. Each transect was further divided into 12 contiguous 
quadrats (10  mx10  m) for plant censuses. Both canonical 
correspondence analysis (CCA) and cluster analysis were 
used to detect the interspecific relationships. The results 
showed the following: 1) occurrence frequency of P. 
kwangtungensis in Nanling was ranked Class A in terms of 
Raunkiaer’s law of frequency. P. kwangtungensis dominated 
in the canopy more than in the subcanopy and understory; 2) 
both Spearman rank correlation (SRC) coefficients and 
Pearson correlation coefficients indicated that the number 
of positive covariation couplets was significantly higher than 
the negative covariation couplets in the forest community, 
although SRC appeared to be more sensitive than Pearson 
correlation analysis. Except for the negative covariation with 
Litsea elongata, P. kwangtungensis exhibited no significant 
correlation with other dominant species; 3) altitude, slope, 
slope aspect, slope shape, thickness of humus layer, and 
thickness of litter all had significant correlations with the 
three axes in CCA plot, and the environmental factors in 
the first two axes defined the ecological conditions of the 
community. The grouping of the 105 canopy tree species was 

made according to the characteristics of the species along the 
first axis. Altitude was the most effective factor influencing 
the distribution of P. kwangtungensis; 4) variability in spatial 
distribution among the 105 canopy tree species could be 
attributed to variations to site environmental factors. The 
results from CCA and cluster analysis indicated that environ-
mental factors influenced the distribution and ecological 
characteristics of the plant species in the forest community 
dominated by P. kwangtungensis.
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1 Introduction

Interspecific relationship is one of the most important 
relations among populations of different species, and has 
been a focus in community ecology studies for decades. Both 
interdependent relationships and oppositional relationships 
among different populations exist in a plant community 
(Krebs, 2003). Forest community studies using analytical 
methods such as interspecific correlation (Greig-Smith, 1983; 
Li, 1999; Kang et al., 2005), interspecific association (Peng 
and Dang, 1998), interspecific segregation (Pielou, 1961; 
Dai, 2003), and interspecific covariation (Zhou et al., 2004) 
are quite common in recent years. However, to our knowl-
edge, quantitative analyses of interspecific relationships in a 
forest community using ordination and cluster methods are 
very few, if not none.

Pinus kwangtungensis Chun ex Tsiang, a species from 
Pinaceae and commonly called Guangdong pine, is an endan-
gered species endemic to China (Editorial Committee of 
China Plant Red Data Book, 1991), with restricted distribu-
tion in mountains of higher altitude south of Nanling, Guang-
dong Province, to Longzhou, Guangxi Province and Mount 
Wuzhishan, Hainan Province (Wang and Li, 1989), which is 
the southernmost range of pines with five needles distributed 
in China. Studies in terms of physiological characteristics 
(Zhou and Duan, 1993), population dynamics (Du and Liu, 
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1996), community characteristics (Wang and Li, 1989; Gu 
et al., 1993), and neighborhood interference intensity (Ding 
et al., 2000) of P. kwangtungensis have been reported in 
China. 

The objectives of this study were: 1) to demonstrate 
patterns of interspecific relationships of P. kwangtungensis; 
2) to reveal the stand structure of the forest community 
dominated by P. kwangtungensis; and 3) to evaluate the effect 
of environmental variables on interspecific relationships 
in the forest community in Nanling National Nature 
Reserve.

2 Methods

2.1 Study area

This study was conducted in Nanling National Nature 
Reserve (24°37p–24°57p  N, 112°30p–113°04p  E), the largest 
National Nature Reserve of Guangdong Province 
(58,368.4  hm2). The mountains in the area run in the northeast 
and southwest direction (Zhang, 1997), with complicated 
topography characterized by mid-elevation mountains of 
China. The area features a subtropical continental monsoon 
climate, with mean annual temperature of 17.7°C, mean 
relative humidity of 84%, and a mean annual precipitation 
of 1,705  mm, which falls for the most part in August (Guang-
dong Forest Survey and Design Institute, 1999). As an ancient 
land, Nanling had served as a refuge of the ancient tropical 
flora as well as the cradle for the present temperate and 
subtropical plant life (Editorial Board of Vegetation of China, 
1980). Nanling National Nature Reserve houses the largest 
portion of natural secondary forest of Guangdong Province 
(Forest Ecology Delegation of Guangdong Scientists, 1993), 
with the following dominant species in the study area: 
Pentaphylax euryoides, Pinus kwangtungensis, and Cas-
tanopsis fabri in the canopy layer; Yushania actinoseta, 
Indocalamus tessellates, Wikstroemia monnula, Diplopter-
ygium laevissima, Miscanthus sinensis, Blechnum orientale, 
and Dicranopteris dichotoma in the ground vegetation.

2.2 Field sampling

The quadrat sampling method was employed for plant 
censuses and environmental factors recording. Six horizontal 
transects, each 10  mx120  m, were laid at a 100  m altitudinal 
interval from 1,100  m to 1,600  m a.s.l. Each transect con-
sisted of 12 quadrats (10  mx10  m). All woody individuals 
i3  cm DBH (diameter at breast height) in the quadrat were 
tallied and their height (measured to the nearest 0.1  m), 
DBH (measured to the nearest 0.1  cm), and percent cover 
were recorded. Five sub-quadrats (2  mx2  m) were placed in 
each of the 100  m2 quadrats, four in the corners and one in 
the center, for undergrowth plant census. All plants rooted 
within a sub-quadrat were censused by species, number and 
percent cover. In addition to undergrowth plant censuses, the 

sub-quadrats were also used for documenting tree frequency 
according to their occurrence in one of the three tree layers. 
The criteria for grouping these layers were based on tree 
DBH, i.e. main canopy layer: DBH>7.5  cm, successional 
layer: 2.5  cm  h  DBH h7.5  cm, regenerating layer DBH< 
2.5  cm (Su et al., 2003).

For the recording of environmental factors, a Garmin GPS 
receiver was used to measure geographical coordinates and 
altitude. Slope and aspect were measured using an altimeter. 
Canopy closeness, thickness of humus and thickness of litter, 
slope shape and slope position were determined by visual 
estimation.

2.3 Statistical data analyses

Plant abundance datasets were subjected to cluster analysis 
with unweighted pair-group method using arithmetic average 
(UPGMA) for the classification of plant communities. Ordi-
nation analysis of Pinus kwangtungensis forest community 
represented by all the 72 quadrats (10  mx10  m) was carried 
out using canonical correspondence analysis (CCA), a widely 
used technique for direct gradient analysis in ecology 
(Palmer, 1993; Makarenkov and Legendre, 2001; McCune 
and Mefford, 1999). Other statistical analyses such as Spear-
man rank correlation (SRC), Pearson correlation (Zhang 
et al., 1999), analysis of variance (ANOVA), and regression 
analysis were performed using Statistica software package 
(Statsoft, Inc., 1997).

3 Results 

3.1 Community structure

According to Raunkiaer’s law of frequency, which was 
characterized by A to E frequency classes, i.e. Class A (1%–
20%), Class B (21%–40%), Class C (41%–60%), Class D 
(61%–80%) and Class E (81%–100%) (Ter Braak, 1986; 
Department of Biology, 1980), 90.1% of individuals in the 
P. kwangtungensis community fell in Class A, while 7.7%, 
1.6%, 0 and 0.6% of the individuals fell in Class B, Class C, 
Class D, and Class E, respectively.

Pentaphylax euryoides, Pinus kwangtungensis, 
Castanopsis fabri and Exbucklandia tonkinensis were 
species with a high frequency in the natural forest and 
P. kwangtungensis ranked first in terms of both occurrence 
frequency and average height in the canopy layer. 
Pentaphylax euryoides, Castanopsis fabri and Exbucklandia 
tonkinensis were co-dominant broad-leaved tree species in 
the canopy layer (Fig.  1). However, the subcanopy layer 
and undergrowth layers were dominated by Pentaphylax 
euryoides, Rhododendron bachii and Litsea elongata instead 
of Pinus kwangtungensis, which indicated that the pioneer 
conifer species P. kwangtungensis (Wang and Li, 1989) was 
shade-intolerant and its seedling and sapling growth was 
limited even by the shading of the conspecific trees. In 
addition, Rhododendron cavaleriei and R. bachii not only 
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dominated in the subcanopy and undergrowth layers, but 
also occupied the canopy layer, which indicated that some 
shrub species could grow into canopy tree species in the 
mid-elevation Nanling mountain area.

3.2 Interspecific covariation

Spearman rank correlation (Table  1) indicated that 15 
couplets had a significantly positive correlation (P<0.01), 
one couplet had a significantly negative correlation (P<0.01), 
one couplet had a significantly positive correlation (P<0.05), 
and three couplets had a significantly negative correlation 
(P<0.05). The highest value of SRC (0.55) was found in 
the couplet Pentaphylax euryoides versus Exbucklandia 
tonkinensis. Other couplets that had significant positive 
correlation (P = 0.05) with high value of SRC included 
Rhododendron bachii versus Litsea elongata, Pentaphylax 
euryoides versus Rhododendron bachii, Vaccinium 
bracteatum versus Castanopsis eyrei, and Exbucklandia 
tonkinensis versus Castanopsis eyrei, which indicated that 
they had similar capacity to adapt to the forest habitat. The 
only couplets that showed a significantly negative correlation 

(P = 0.05) was Castanopsis fabri versus Castanopsis eyrei. 
Pearson product-moment correlation (PPMC) indicated 
that nine couplets had a significantly positive correlation 
(P = 0.01), 11 couplets a significantly positive correlation 
(P = 0.05), and two couplets a significantly negative corre-
lation (P = 0.05). Both SRC coefficients and PPMC coeffi-
cients indicated that the number of positive covariation 
couplets was significantly higher than that of negative 
covariation couplets in the forest community, though SRC 
appeared to be more sensitive than PPMC. Except for 
the negative covariation with Litsea elongata, Pinus 
kwangtungensis exhibited no significant correlation with 
other dominant species. However, further insight can be 
gained if correlation analysis is combined with environmental 
factors.

3.3 Relationship between species and environmental 
factors

Canonical correspondence analysis, one of the robust ordina-
tion methods, can explore the relationship between plant 
species and environmental factors in a two-dimensional 

Fig.  1 Frequency and average height of the dominant species at different layers in a natural forest dominated by Pinus kwangtungensis. 
Species code is given in Table  3

Table  1 Covariant parameters among dominant populations in a natural forest dominated by Pinus kwangtungensis

 Peeu Rhca Rhba Cafa Scre Pikw  Liel Exto Cygl Vabr Mifo Foho Caey Tegy  Rhch

Peeu  0.17 0.32** 0.1 0.07 −0.02 −0.02 0.36**  0.43**  0.23 0.25*  0.04 0.46**  0.14 −0.06
Rhca 0.11  0.23 0.07 0.09 −0.22 0.16 0.19 0.11 0.28* 0.18 −0.11 −0.09 0.16 −0.06
Rhba 0.42** 0.27*  −0.03 −0.06 −0.2 0.25* 0.18 0.24* 0.28* 0.36** 0.08 0.07 0.2 0.1
Cafa 0.15 0.27* 0.1  −0.16 0.35** 0.01 −0.06 −0.11 −0.16 0.1 −0.12 −0.26* 0.27* −0.07
Scre 0.21 0.16 0.03 −0.11  −0.11 −0.03 −0.05 −0.09 0 0.09 0.03 0.15 −0.07 0.08
Pikw 0.22 −0.26* −0.11 0.02 0.08  −0.25* −0.18 0.05 0 −0.21 −0.03 0.02 0.13 −0.09
Liel 0.13 0.29 0.46** 0.18 −0.01 −0.29*  −0.03 0.15 0.04 0.13 −0.03 0.01 0.21 −0.05
Exto 0.55** 0.12 0.29* −0.04 0.13 −0.05 0.05  0.17 0.40** 0.26* 0.07 0.25* 0.05 0.1
Cygl 0.35** 0.01 0.31** −0.14 −0.03 0.02 0.15 0.37**  0.23* −0.05 0.05 0.36** 0.25* 0.25*
Vabr 0.21 0.03 0.17 −0.18 0.03 0.2 0.13 0.08 0.06  0.12 −0.1 0.40** 0.04 −0.04
Mifo 0.30** 0.20* 0.31** 0.09 0.25* −0.17 0.31** 0.30* 0 0.23  0.02 0.15 0.13 −0.06
Foho 0.1 −0.25* 0.23* −0.23 −0.01 −0.04 0.01 0.16 0.24* −0.13 0.03  −0.07 −0.1 0.15
Caey 0.39** −0.18 0.31** −0.47** 0.1 0.13 0.07 0.41** 0.38* 0.42** 0.12 0.09  −0.08 0.07
Tegy 0.17 0.24* 0.18 0.23 0 0.07 0.15 0.14 0.35** −0.03 0.17 −0.15 −0.01  −0.04
Rhch −0.01 −0.09 0.15 −0.11 0.17 −0.12 −0.07 0.14 0.22 −0.06 −0.06 0.27* 0.18 −0.04 

Person correlation coefficients above diagonal, Spearman rank correlation coefficients below diagonal; * and ** indicate a significant correlation at level of 
P = 0.05 and P = 0.01, respectively. Species code is given in Table  3.
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scatter ordination diagram (Palmer, 1993; Makarenkov, 
2001). The canonical eigenvalues of the first three axes from 
CCA were 0.676, 0.363 and 0.245, respectively, with the 
correlation coefficients of the first three axes between 
community and the eight environmental factors (Table  2) 
being 0.940, 0.892, and 0.871. The Monte Carlo test showed 
significant eigenvalues for the first three CCA axes (P = 0.01), 
which indicated that altitude, slope, slope aspect, slope shape, 
thickness of humus and thickness of litter had significant 
correlations with the three axes in CCA plot. Thickness of 
humus layer, altitude and slope were all highly correlated 
with Axis 1 (Table  2). The second CCA axis was correlated 
with slope position, altitude and slope, while the third CCA 
axis was less significantly correlated with environmental 

factors. Among the eight environmental factors, altitude and 
slope position showed a significantly positive correlation, 
while slope and thickness of humus showed a significantly 
negative correlation. Except for a positive correlation with 
the thickness of humus, canopy closure rate showed less 
significant correlation with other environmental factors. 

The 105 canopy tree species was grouped into two groups 
along the first axes in CCA plot (Fig.  2), which corresponded 
to the ecological characteristics of these tree species. The first 
group, on the left of the ordination diagram, was composed of 
deciduous species with low occurrence frequency, whereas 
the second group, on the right of the ordination diagram, 
composed of evergreen species. Except for Ilex micrococca 
and Illicium toxicum, which were quite distant from other 

Table  2 Correlation coefficients for environmental variables and axes

Environmental factors Axis 1 Axis 2 Axis 3 1 2 3 4 5 6 7 8

1 0.689 0.649 0.205 1       
2 −0.622 0.626 0.297 0.043 1      
3 −0.237 0.368 0.279 −0.030 0.260 1     
4 0.574 0.651 0.206 0.855 0.096 0.116 1    
5 −0.251 0.466 0.801 0.342 0.624 0.438 0.290 1   
6 0.739 −0.553 0.258 0.196 −0.663 −0.351 0.032 −0.260 1  
7 0.549 −0.507 −0.016 0.044 −0.572 −0.442 −0.093 −0.446 0.704 1 
8 0.310 −0.060 0.058 0.125 −0.158 0.114 −0.078 −0.043 0.346 0.166 1

Environmental variables 1−8 stand for altitude, slope, aspect, slope position, slope shape, thickness of humus, thickness of litter, and canopy closure rate, 
respectively.

Fig.  2 CCA two-dimensional scatter plot of canopy tree species and environmental factors in a natural forest dominated by Pinus 
kwangtungensis Codes for environmental factors: Slope, slope; Slopesh, slope shape; Slopepo, slope position; Altitude, altitude; Litter, 
thickness of litter; Thickhu, thickness of humus. Solid dot represents tree species, and relative position between solid dot and the arrow 
line explains the relations of tree species abundance to the environmental factors; the length of an arrow line indicates the strength of a 
particular environmental factor. Species code is given in Table  3.
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species, most of the evergreen species concentrated around 
the first axis. Ilex micrococca was the only deciduous species 
on the right of the first axis, and had a significantly negative 
correlation with Illicium toxicum. Final scores and raw data 
totals (weights) for the 15 dominant species are given in 
Table  4. Pinus kwangtungensis appeared on the right above 
the first axis, with final scores 1.062,8 in the second axis. 
Apart from Castanopsis fabri, the remaining 14 dominant 
species appeared below the first axis, with negative final 
scores in the second axis. It indicated that P. kwangtungensis 
had a significantly positive correlation with altitude, slope 
position and slope, respectively. The number of stems of 
P. kwangtungensis increased along an altitudinal gradient 
from 1,100 to 1,600 m a.s.l., which explained the actual 
distribution of P. kwangtungensis in the sampling plot, and 
indicated that altitude was the major factor affecting the 
abundance of P. kwangtungensis.

3.4 Cluster analysis

The 105 canopy tree species could be divided into three 
groups by cluster analysis at a cut-off distance of 14.0 
(Fig.  3), which was similar to the result of CCA. The first 

group included Acer davidii, Liquidambar formosana, 
Alniphyllum fortunei, Clerodendron kwangtungense, Evodia 
meliaefolia, Betula austro-sinensis, which are deciduous tree 
species. The second group, comprising Castanopsis carlesii, 

Table  3 Coding for tree species in a natural forest dominated by Pinus kwangtungensis

Code Species Code Species Code Species

Acda Acer davidii Erca Eriobotrya cavaleriei Meol Meliosma oldhamii
Acme Acer metcalfii Erku Erythroxylum kunthianum Mesq Meliosma squamulata
Actu Acer tutcheri Eudi Eurya distichaophylla Mexy Melliodendron xylocarpum
Adgl Adinandra glischroloma Euja Euscaphis japonica Mifo Michelia foveolata
Admi Adinandra millettii Euja Euyra japonica Mima Michelia maudiae
Alfo Alniphyllum fortunei Evle Evodia lenticellala Mipa Microcos paniculata
Alch Altingia chinensis Evme Evodia meliaefolia Neau Neolitsea aurata
Arde Aralia decaisneana Exto Exbucklandia tonkinensis Nekw Neolitsea kwangsiensis
Beau Betula austro-sinensis Falo Fagus longipetiolata Neze Neolitsea zeylanica
Brpa Broussonetia papyrifera Foho Fokienia hodginsii Palo Parakmeria lotungensis
Busi Buxus sinica Gych Gymnocladus chinensis Peeu Pentaphylax euryoides
Cach Carpinus chuniana Hama Halesia macgregorii Phpr Photinia prunifolia
Cavi Carpinus viminea Havi Hartia villosa Pikw Pinus kwangtungensis
Caca Castanopsis carlesii Iled Ilex editicostaata Pima Pinus massoniana
Caey Castanopsis eyrei Illa Ilex latifolia Plam Pleioblastus amerus
Cafa Castanopsis fabri Ilmi Ilex micrococca Rain Raphiolepis indica
Cafr Castanopsis fargesii Ilpu Ilex purpurea Rhba Rhododendron bachii
Cala Castanopsis lamontii Ilro Ilex rotunda Rhca Rhododendron cavaleriei
Ceci Celtis cinnamomea Iltu Ilex tutcheri Rhch Rhododendron championae
Ciri Cinnamomum rigidissirnum Ilto Illicium toxicum Rhkw Rhododendron kwangtungense
Clkw Clerodendron kwangtungense Lifo Liquidambar formosana Rhsi Rhododendron simiarum
Crcu Crataegus cuneata Libr Lithocarpus brevicaudata Rhch Rhus chinensis
Cych Cyclobalanopsis championi Lico Lithocarpus corneus Scre Schima remotiserrata
Cygl Cyclobalanopsis glauca Life Lithocarpus fenestratus Scsu Schima superba
Cyje Cyclobalanopsis jensenniana Ligl Lithocarpus glaber Stod Styrax odoratissima.
Dama Daphniphyllum macropodum Liac Litsea acutivena Sycr Symplocos crassifolia
Daol Daphniphyllum oldhamii Licu Litsea cubeba Syla Symplocos lancifolia
Deho Dendrobenthamia hongkongensis Liel Litsea elongata Syra Symplocos ramosissima
Dede Dendropanax dentiger Ligl Litsea glutinosa Sybu Syzygium buxifolium
Dika Diospyros kaki Mapa Machilus pauhoi Tegy Ternstroemia gymnanthera
Elde Elaeocarpus decipiens Maph Machilus phoenicis Tien Tilia endochrysea
Elja Elaeocarpus japonicus Maro Machilus robusta Tosu Toxicodendron succedaneum
Elsy Elaeocarpus sylvestris Math Machilus thunbergii Tsch Tsuga chinensis
Enfe Engelhardtia fenzelii Mafo Manglietia fordiana Tslo Tsuga longibracteata
Enro Engelhardtia roxburghiana Mayu Manglietia yuyanensis Vabr Vaccinium bracteatum

Table  4 Final scores and raw data totals (weights) for the 15 dominant 
species

Species Axis 1 Axis 2 Axis 3 Weights

Peeu 0.227,646 –0.091,160 −0.195,824 446.000,0
Rhca −0.092,303 −0.746,102 0.260,245 138.000,0
Rhba 0.070,674 −0.460,547 0.393,840 152.000,0
Cafa −0.000,005 0.526,643 0.078,637 130.000,0
Scre 0.485,871 −0.147,089 −0.246,631 87.000,0
Pikw 0.404,929 1.062,755 0.003,157 183.000,0
Liel 0.183,366 −0.675,227 0.501,190 39.000,0
Exto 0.290,052 −0.334,693 0.028,648 65.000,0
Cygl 0.250,551 −0.103,643 0.196,833 71.000,0
Vabr 0.189,669 −0.291,750 −0.591,067 34.000,0
Mifo 0.079,045 −0.460,223 0.010,698 24.000,0
Foho 0.469,241 −0.053,077 0.730,613 30.000,0
Caey 0.527,276 −0.293,135 −0.912,792 63.000,0
Tegy −0.167,896 −0.010,581 0.038,959 8.000,0
Rhch 0.551,631 −0.380,838 1.046,602 1.000,0

Species code is given in Table  3.
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Fig.  3 Cluster analysis of the tree species in a natural forest dominated by Pinus kwangtungensis. Species code is given in Table 3.
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Lithocarpus brevicaudata, Tsuga chinensis, Ilex micrococca, 
Rhododendron simiarum, and Pinus kwangtungensis, one of 
the 15 dominant species in the forest community, consisted 
of typical subtropical montane species. Most of the other 
evergreen broad-leaved species including 14 dominant 
species made up the third group. The three groups of species 
shown in the dendrogram from the cluster analysis had 
similar patterns as compared with a CCA joint plot, i.e. the 
first group was ordinated on the left of the CCA joint plot, 
the second group on the right below, and the third group 
concentrated around the origin. 

4 Discussion

The dominance status of Pinus kwangtungensis was demon-
strated by the fact that the number of its positive covariation 
couplets is significantly higher than its negative covariation 
couplets. Except for the negative covariation with Litsea 
elongata, P. kwangtungensis exhibited no significant covaria-
tion with other dominant species. Altitude, slope, aspect, 
slope shape, thickness of humus and thickness of litter all had 
significant correlations with the three axes in the CCA joint 
plot. The grouping of the 105 canopy tree species in CCA 
appeared to be in line with the characteristics of the species 
along the first axis, with altitude being the most effective 
factor influencing the distribution of P. kwangtungensis. 
Variability in spatial patterns among the 105 canopy tree 
species could be attributed to variations in site environmental 
factors. The results of CCA and cluster analysis indicated 
that environmental factors influenced the distribution and 
ecological characteristic of the plant species in the forest 
community dominated by P. kwangtungensis.

Species composition and stand structure are the basic 
attributes of a forest community. The complicated relation-
ship among species in the community has a strong influence 
on the population dynamics, number of populations, and the 
structure and succession of the community. Previous studies 
on interspecific association were often based on presence and 
absence data, while recent studies have made use of quantita-
tive abundance data. Interspecific association has long 
been used by ecologists as a measure to reveal potential 
relationships among populations since S. A. Forbes’s first 
work in 1907. But S. A. Forbes only provided a loose defini-
tion, and quite a few studies on interspecific associations 
resulted in inconsistent findings (Cole, 1949). Interspecific 
segregation and interspecific covariation, which were 
proposed as surrogates for interspecific association, differed 
from interspecific association in that they avoided the influ-
ence of plot area and number of plots on the measurement 
result (Chapman, 1980). Furthermore, interspecific covaria-
tion measures used quantitative data instead of a binary 
dataset to overcome the weakness in sensitivity posed by 
presence and absence data (Zhou et al., 2004). However, in 
addition to these interspecific relationship measures, new 
methods should be applied to determine the dynamics of 
interspecific relations. Such techniques include the use of 

research data from experimental ecology and molecular 
biology to demonstrate interspecific variation in photosynthe-
sis and nitrogen use (Hikosaka, 2004) and the effects of 
disturbance on interspecific relationship (Gaston and Warren, 
1997; Javadi and Yamaguchi, 2004).
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