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Abstract The spatial pattern analysis of population and
community is important to understand community structure
and has become one key topic in modern plant ecology. There
are many techniques for analyzing one-dimensional pattern
in ecological literature. Two-dimensional pattern analysis is
better than one-dimensional analysis in the study on commu-
nity spatial characteristics and structure. However, it is hard
to analyze these two-dimensional patterns due to poor effec-
tive methodology. The two-dimensional sampling using two
transects that meet at right angles was applied to get quadrat
data in this work. And then the data from the two transects
were analyzed separately by one-dimensional pattern analysis
method, two-term local quadrat variance. The length, width,
and area of patches at different scales of pattern for popu-
lations were obtained from the analysis. For community
pattern, detrended correspondence analysis (DCA) was
employed to summarize the species information firstly, and
then the first DCA axis scores were analyzed to check its
pattern. The application of this method to the pattern analysis
on dominant populations and community for subalpine
meadow (Comm. Polygonum viviparum + Carex rigescens
+ Kobresia bellardii) in the Luya mountains showed that it
could release the characteristics of spatial pattern clearly and
was a very effective technique. The method is easy to use and
saves time with obvious advantages, compared with the two-
dimensional pattern analysis methods presented in the litera-
tures. In the study meadow, the patterns of the main dominant
species, Polygonum viviparum, Carex rigescens, and
Kobresia bellardii, were apparent and comparatively regular
in shape with large areas of patches at the same scale com-
pared with other species such as Festuca sp. and Thalictrum
petaloideum. There were two or three scales of patterns for
each plant population studied. This was related to population
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features, the interaction with environmental factors, and their
dominant position in the community. The two scales of
patterns for the meadow community were clear. The pattern
of community was closely correlated with that of the main
dominant species. The patches of dominant species were
inter-distributed and overlapped, and formed the community
pattern together. This is beneficial for utilization of resources,
and keeping the community stable.

Keywords population distribution, spatial pattern, commu-
nity structure, quantitative methodology, two-dimensional
pattern analysis

1 Introduction

The analysis of distribution patterns of plant populations and
communities is one of the hotspots in plant ecology. Pattern
analysis on species in a community is an important method
to study the mosaic structure of a community (Greig-Smith,
1983; Zhang, 1995). In the past, patterns of dominant species
in communities were usually analyzed. With the development
of vegetation science, the demands of pattern research are
more accuracy and deeper investigation, and pattern analysis
varies from single-population pattern analysis to multipo-
pulation pattern analysis, and further to community pattern
analysis and landscape pattern analysis (Dale, 1999).

Since 1952 when Greig-Smith used variance analysis to
study the scales of patterns of plant species, pattern analysis
has been widely applied by ecologists and has become a key
technique in the study of spatial relationships of plant popula-
tions, species, and environments (Zhang, 2004). Chinese
ecologists have done some research work in pattern analysis
(Zhang, 1992, 1994, 1998; Zhang and Mi, 1999; Zheng, 1997,
Ma et al., 1999; Ma and Zu, 2000). In the past 40 years, many
new methods of pattern analysis were accepted and applied
to the study of vegetation (Zhang, 1995). However, most of
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them can analyze one-dimensional pattern only, and the scales
of population or community pattern in one-dimension can be
studied. They can reveal the length or width of patches, but
cannot show the length and width at the same time, i.e.,
cannot reveal the area of patches. Ecologists started to note
two-dimensional patterns at the end of the 20th century. Some
authors argue that two-dimensional pattern analysis can
describe spatial characteristics of a species more accurately.
And patterns may have different characteristics in different
directions (Dale and Maclsaac, 1989). In 1999, Dale pub-
lished several methods of two-dimensional pattern analysis
based on one-dimensional methods, such as four-term local
variance analysis, nine-term local variance analysis, two-
dimensional spectral analysis, two-dimensional paired qua-
drat variance, etc. But these methods use large grids of small
quadrats for sampling; for example, 128 X128 quadrats have
to be sampled if the maximum block of analysis is 64. Such a
study is difficult to carry out due to the huge sampling work.
These methods are unsuitable for analysis on population and
community patterns. The present work used two-dimensional
sampling methods and one-dimensional analysis technique to
study two-dimensional patterns of main species and commu-
nity in the Luya Mountains, China.

2 Study area

Luya mountains, located at 38°36-39°02'N, 111°46—
112°54’E with an area of 21 453 hm?, is a state nature
reserve. The mountain body lies from northeast to southwest
with the highest peak of 2,772 m and most area over 2,000 m.
The Luya Mountains are in the semi-humid region, and its
climate is continental, i.e., cool and rainy in summer, cold and
dry in winter. The annual mean temperature is in the range
of 6°C-10°C, and the monthly mean temperature of January
and July is in the range of —8°C——12°C and 21°C-36°C,
respectively. The annual precipitation varies from 384 to
679 mm, and the annual evaporation is 1,800 mm. Annual
mean humidity varies between 50% and 55%, and the
frost-free period 130—-170d.

Luya Mountains, China, is rich in biological resources.
The vegetation, soil, and climate clearly show vertical change.
The original vegetation disappeared due to long-term distur-
bances. The cold-temperate coniferous forest dominated by
Larix principis-rupprechtii and Picea wilsonii is the principal
vegetation over 1,600 m, and deciduous forest and shrub land
is dominant in the low and middle mountains. The vertical
change of vegetation in the Luya Mountains is in the order of
temperate steppe (1 350—1 500 m), warm-temperate broad-
leaved deciduous forest (1350-1700 m), cold-temperate
coniferous forest (1 700—1 850 m), mixed deciduous and
coniferous forest (1 750-2 600 m), and subalpine shrub land
and meadow (2 450-2 772 m) from the bottom to the top.
There are large areas of subalpine meadows in the Luya
Mountains, which is the main summer grazing area. This

study focused on the patterns of dominant species and
community of Polygonum viviparum+ Carex rigescens +
Kobresia bellardii.

3 Methods

3.1 Sampling

A transect consisting of small quadrats was used as the sam-
pling method. However, two transects meeting at central
points with right angles were applied and represented two
directions, i.e., two spatial axes. These two transects were
analyzed by one-dimensional pattern analysis method
separately, and the scales of patterns along the two directions
was considered as the length and width of patches and was
to calculate areas of patches at different scales. We named
this sampling method as two-dimensional sampling. The
sampling site was selected in a gentle hill with consistent
composition of species and could represent the characteristics
of the studied community. Transects consisted of 128 10 cm
x 10 cm small quadrats. The coverage and abundance of
all plant species were measured and recorded in each small
quadrat. Percentage coverage was used as data in the pattern
analysis.

3.2 Data analysis

Two-term local quadrat variance, TTLQV (Hill, 1973), was
used to calculate mean squares of different blocks. The
formula of mean squares is:

Mean square for block 1:
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The average of
1 2
B(al ta,+a,+a,+as—ag—a;, —ag—a,—aqy)’,
1 2
E(a2 +a,+a,+a,+a,—a,—ag—a,—a,—a,) -,

1
2
E(anfo +a,4+a,,+a,,+a,s—a, ,—a,;—a,,—a,,—a,).

n



where a; was the observed value in the ith quadrat and »
was the number of quadrats. The mean squares of any block
< 1/2n could be calculated. And then the pattern analysis dia-
gram was drawn using block size as x axis and mean square
as y axis. The values of peaks on the curve represented scales
of pattern. The length, width, and area of patch was obtained
by analyzing the two transects separately. This technique
was used to analyze patterns of the five dominant species. For
the community pattern, detrended correspondence analysis
(DCA) was used to summarize information on the commu-
nity (Hill, 1979; Braak, 1991), and the scores of the first DCA
axis were applied as data to the analysis of the pattern.

4 Results

The patterns of the five dominant species, Polygonum
viviparum, Carex rigescens, Kobresia bellardii, Festuca sp.,
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Thalictrum petaloideum, were analyzed firstly. Their patterns
along the first transect (from east to west direction) are shown
in Fig. 1 and that along the second transect (from north to
south direction) is shown in Fig. 2. The length, width, and
area of patches of patterns at different scales can be obtained
from Figs. | and 2 and are listed in Table 1.

The patterns of the three main dominant species, Poly-
gonum viviparum, Carex rigescens, Kobresia bellardii, were
clear with differentiation of small and large patches, and some
with middle patches (Fig. 1, 2, Table 1). The shapes of patch-
es were regular in large areas, which were related to their bio-
logical features, effects of environments, and their dominant
position in the community. These three species were all cold-
tolerant plants and were adapted to subalpine environments.
They were distributed widely and were dominant in the
community, and could use resources in advance and form
their own pattern. The patterns of other two species, Festuca
sp. and Thalictrum petaloideum, were irregular; for example,
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(a) Polygonum viviparum; (b) Carex rigescens; (c) Kobresia bellardii; (d) Festuca sp.; (e) Thalictrum petaloideum
Fig.1 The pattern diagram of five dominant species along the first transect
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(a) Polygonum viviparum; (b) Carex rigescens; (c) Kobresia bellardii; (d) Festuca sp.; (e) Thalictrum petaloideum
Fig.2 The pattern diagram of five dominant species along the second transect
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Table 1 The results of two-dimensional pattern analysis of subalpine meadow in the Luya Mountains

Species and community Pattern scale Length (width) of patch Area of patch

The first transect The second transect Block x Block cm X cm

Polygonum viviparum Small patch 8 8 8§x8 80 x 80
Middle patch 8 40 8 x40 80 x 400
Large patch 64 56 64 x 56 640 x 560

Carex rigescens Small patch 8 4 8 x4 80 x 40
Large patch 60 56 60 x 56 600 x 560
Kobresia bellardii Small patch 16 16 16 x 16 160 x 160
Middle patch 40 16 40 x 16 400 x 160
Large patch 60 64 60 x 64 600 x 640

Thalictrum petaloideum Small patch 8 8 8x8 80 x 80
Large patch 32 56 32 x56 320 x 560

Festuca sp. Small patch 24 8 24 %8 240 x 80
Large patch 24 64 24 x 64 240 x 640
Community Small patch 32 16 32x16 320 x 160
Large patch 64 64 64 x 64 640 x 640

Festuca sp. had only one scale along the first transect and two
scales along the second transect. Their patches had no regular
shape in small areas, which showed the obvious characteris-
tics of the two-dimensional pattern. Their patterns were also
related to their biological features and environments. Festuca
sp. and Thalictrum petaloideum were main accompanying
species and were adapted to subalpine environments. But
their competing ability was much lower than that of the
former three dominant species. Therefore, they were influ-
enced by the dominant species, Polygonum viviparum, Carex
rigescens, and Kobresia bellardii, and could form their own
patches only in the gaps of these three dominant species.
Transect data were analyzed by DCA ordination method
and then the first DCA axis was used in community pattern
analysis. Figure 3 was the community pattern diagram.
The community had two patches with regular shapes (Fig. 3,
Table 1). The area of the large patch was 640 x 640 cm?,
Because the meadow community was distributed near the top
of the mountains with gentle slope and consistent environ-
ment, community pattern varied slightly. Community patterns
were different in the two directions (Fig. 3), which was due to
the difference in pattern intensity. This further suggested that
two-dimensional pattern analysis was necessary. From Fig. 3
and Table 1, we can see that community pattern was closely
related to the dominant species pattern, and community
pattern was larger than dominant species pattern on the same
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(a) the first transect (b) the second transect
Fig.3 The pattern diagram of subalpine meadow community

scale. The community pattern was the mosaic structure of
small communities (Greig-Smith, 1983), and small commu-
nity or community patch was a composition of populations.
The population patches were inter-distributed and overlapped,
and formed a community pattern together, which was benefi-
cial for the community in resource utilization, niche coopera-
tion, and in stabilization of community pattern and structure
(Greig-Smith, 1952; Zhang and Meng, 2004).

5 Discussion

The method of two-dimensional pattern analysis used in this
paper describes the characteristics of species and community
patterns successfully. It develops one-dimensional pattern
analysis over two-dimensional pattern analysis and shows
changes in species and community patterns better. The two-
dimensional sampling using two transects is simple. Some
authors may argue that the representation of the two transects
is weak, but it realizes the two-dimensional pattern analysis
indeed. The presented methods for two-dimensional pattern
analysis were described by Dale (1999), such as four-term
local variance analysis, nine-term local variance analysis,
two-dimensional paired quadrat variance, two-dimensional
spectral analysis, etc. Demand sampling using a grid consis-
ted of small quadrats (n x m), i.e., sampling plot must be a
rectangle consisting of small quadrats. For instance, if we
need analyze the pattern of a block 64 (1/2n), the smaller one
of n and m must have 128 or more small quadrats, and the
total number of quadrats has to be 128 x 128 = 16,384 at least
(supposing n = m). This means that the fieldwork is too much
to be carried out. Dale (1999) thought that remote-sensing
data from satellite or air pictures is most suitable for these
methods. However, remote sensing can provide effective data
for some community and landscape patterns, but it may not be
possible to obtain useful data for population patterns due to
its limited resolving capability. Therefore, the analysis for
two-dimensional pattern of populations cannot be carried out



by these methods. And methods like four-term local variance
analysis and nine-term local variance analysis require numer-
ous calculations. In addition, the patches described by these
methods are all square, which is not consistent with the
actual patterns of species and community. Compared with
these methods, the technique used in this paper has some
advantages and is very effective in two-dimensional pattern
analysis for species and community.

The patches of pattern of main dominant species are
regular in large areas, which are related to their biological
features, environmental factors, and their dominance. The
patches of pattern of other species are irregular in compara-
tively smaller areas. The patches of different species are
inter-distributed and overlapped, and construct a community
pattern. This is beneficial for the stabilization of community
pattern and structure. Community pattern is regular and large,
and is correlated with the pattern of dominant species.
Community pattern is larger than that of the dominant
species. This point has been proved theoretically (Zhang,
1995, 2004), and is supported by this practical study. It
may be better to use longer transects for community pattern
analysis.

In community pattern analysis, DCA ordination has some
advantages. The scores of DCA axes have no negative values,
which is convenient in the calculation of patterns (Zhang,
1995, 2004). The results of this work show that DCA is very
effective in community pattern analysis.
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