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ABSTRACT: 
 
The purpose of this study is to clarify the relationship between the distribution of small-scale green spaces and  butterfly 
assemblages in urbanizing areas located north-east of Ichikawa City. Landscape indices of green cover distribution with a diversity 
index H of vegetation types   and a number of different vegetation types, GCI (Green Cluster Index) of each vegetation type and 
average minimum distance from each vegetation type were calculated in different ranges from survey root units, using high-
resolution green cover data made by object-based classification of Quickbird multi-spectral image. Analyses on the relationship 
between the richness (number of species, Shannon-Weaver’s H’ and combination of species types) of butterfly species in survey root 
units and the landscape indices around them, were executed by using Classification and Regression Trees (CART). The forest 
(interior) species were thought to be appropriate indicators of the width of butterfly assemblages, and the gathering of evergreen 
woods, deciduous woods and bamboo groves in small range guaranteed by the large-scale mosaic of those green covers were 
thought to be influential on their existence in the study area. 
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1. INTRODUCTION 

In urbanized areas, which have complex landscapes that include 
severely fragmented green covers areas, restoration or creation 
of habitats are needed for the re-construction of a healthy and 
functional ecosystem , including private open spaces (Gaston et 
al., 2005) or brownfield sites (Woodward et al., 2003) for 
example. For ecological network planning based on the primal 
characteristics of natural environment in urban areas, an 
understanding of the interplay between landscape (matrix 
effects) and local factors (patch effects) that affect urban 
biodiversity (Angold et al.. 2006) is important. Although there 
has been much research on the relationship between species 
diversity and the structure of fragmented habitats (or 
landscapes) in urban or suburban area (e.g. Hobbs, 1988; 
Jeanneret et al., 2003), the distribution of small-scale urban 
green covers has not been fully analyzed yet. 
On the other hand, with the advance of remote sensing 
technologies, it is getting easier to grasp the detailed 
distribution and structure of small-scale green covers in 
urbanized areas and extract habitats at multiple scales. (e.g. 
Sawaya et al., 2003). Therefore, it is foreseeable that high-
resolution land cover monitoring will become a tool for 
evaluating the key elements of the distribution of fragmented 
urban green spaces for urban biodiversity.  
Accordingly, the purpose of this study is to evaluate fine-scale 
spatial characteristics of the distribution of fragmented green 
covers in an urbanized area, and to extract the key factors for 
species diversity, utilizing high-resolution satellite image 
analysis.  
As indicators of the ecological function of the distributed small-
scale urban green covers, butterflies (Lepidoptera) were chosen 
for this study.  Butterflies serve as good indicators of the 

environmental changes that occur as humans develop the 
landscape and as excellent indicators of urbanization (Blair & 
Launer, 1997), since many researchers have suggested that 
butterflies serve as indirect measures of environmental variation 
because they are sensitive to local weather, climate, and light 
levels (e.g. Pyle, 1980; Murphy et al., 1990; Kremen, 1992).  
 

2. STUDY AREA 

The study area is within 10km2 (3.5km in north-south, 3km in 
east-west) located at north of Ichikawa City, 15km northeast of 
central Tokyo. This area is located at the west-end of the 
Shimofusa-tableland, around which disordered urbanization had 
spread subdividing the steep forest. The main land cover in the 
area is residential area, mixed with agricultural land use (mainly 
orchards and farms), fragmented urban forests and grasslands. 
Small-scale greens such as small gardens and hedges are also 
included in the mosaic of green covers.  
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 Figure 1. Study area (right: false-color image)  



 

3. MATERIAL AND METHODS 

3.1 Butterfly sampling 

The line transect count method was used to record butterflies. 
The transect count is appropriate for estimating the diversity 
and structure of butterfly assemblage, and for monitoring 
changes in assemblage (Natuhara et al., 1998).  
The transect was composed of continuous 80 transect units, all 
of which were 200m long, designed to pass all types of urban 
green covers in the study area evenly. All the transect units 
were surveyed 13 times during 9 July‐ 7 October 2004, 25 

May‐ 27 June 2005 and 18 April‐ 3 May 2006 in the daytime 
under fine weather conditions. Butterflies within a 10m width 
(5m each side of the recorder) and 5m height along the transect 
units were identified and their population and action were 
recorded. Butterflies not readily identified were netted and 
released immediately after identification. The appearance points 
of butterflies were plotted on the 1:2,000 base map, along with 
their environmental conditions . 
 
3.2 Land cover classification 

Satellite image data used was Quickbird multi-spectral image 
(spatial resolution is 2.8m) collected on 6 June, 2003. The 
image was high quality with no cloud cover, and ortho 
correlated based on a 10m Digital Elevation Model (Hokkaido-
chizu Co., Ltd.). As the ground truth data, aerial photography 
data with 25cm resolution (Pasco Co., Ltd.) collected in May 
2002 was used.  
 
3.2.1 Extraction of green covers: In order to avoid possible 
confusion in classification in urban built-up areas, only green 
cover was extracted by the threshold of vegetation index, MRVI 
(Modified Ratio Vegetation Index, by Yun & Hoyano, 1998; 
Shirai et al, 1998).  

MRVI is suited for extracting vegetation cover ratio in a pixel, 
in which different types of land covers are mixed, and MRVI 
has better accuracy than NDVI to extract green cover by its 
threshold, since it has a clearer linear relationship with the 
vegetation cover ratio in a pixel (Yun & Hoyano, 1998). By 
calculating MRVI with Quickbird image and comparing it with 
ground truth data, the green cover was extracted by the 
threshold of MRVI value.  
 
3.2.2 Object-based classification 
Next, object-based classification by the nearest neighbour 
method was applied for the extracted green cover pixels, by 
eCognition Elements 4.0 (Definiens A.G.). The green covers 
were classified into 7 types, which were evergreen woods, 
deciduous woods, hedges (including gardening trees and trees 
lining streets etc.), bamboo groves, grasses, orchards and 
farmland. The class hierarchy was set as in Figure 2.. All the 
object features of layer values, shape, texture and hierarchy 
were selected as standard nearest neighbor features.  
As the ground truth data for sample selection, orthoimages of 
digital aerial photos with a spatial resolution of 0.25m, acquired 
in May, 2002 (Pasco Co., Ltd.) were used. 
 

3.3 Landscape measures 

In order to quantify the ecological gradient by the distribution 
of small-scale green covers in the ranges from root units, the 
four basic indices measuring the mosaic of land cover were 
computed within the surrounding area of root units.  
 

 
Figure 2. Class hierarchy in object-based classification 

 
As investigating matrix effects within a landscape and selecting 
a set distance within which to measure land use variables is 
limited by the assumption that all types of land use affect 
species at the specific scale that has been selected (Dunford & 
Freemark, 2004), a multi-scale approach to extrapolating the 
appropriate distance into the mosaic was applied in this study.  
Four different sizes of ranges from the root units were adopted 
to grasp the distribution of green covers around the surveyed 
root units, which were 25m, 50m, 100m and 200m ranges. The 
buffer areas with 4 types of distance from each root unit were 
extracted. Image analysis software mainly used to analyze 
landscape measures was TNT mips 7.1 (Microimages, Inc.). 
The adopted indices as follows,  were suitable for computing by 
raster data. All the indices were measured for the 4 different 
sizes of buffer areas from each root unit. 
 
3.3.1 Diversity index H: The diversity index used was H, 
which is the application of Shannon’s diversity index H’ as 
follows: 

Diversity H = ‐ Σ
s

 pk ln pk                                           (2) 

where s = number of habitat types; pk = proportion of area in 
habitat k (Oneil et al, 1988). 
Diversity index H of green cover types in each range from root 
units was computed. 
 
3.3.2 Edge number: Edge number is the total length of the 
borderlines between two different vegetation types (Gardner et 
al., 1987).  
 
Edge number  Ei,j = Σ ej,j ×l                                                    (3) 

where ei,j = number of horizontal and vertical interfaces 
between grid cells of types i and j; l = the length of the edge of 
a cell (Gardener et al, 1987).  
In this study, the co-occurrence value of different green cover 
pixels was substituted for the edge number.  The co-occurrence 
value is the number of heterogeneous pixels that interface 
horizontally, vertically and diagonally in 3 × 3 unit pixels 

                   Band4(NIR) 
MRVI =                                               (1) 

Band1(B)＋Band2(G)+Band3(R)+Band4(NIR)  



 

(Figure 3). The average co-occurrence value of the following 
green cover types in the different ranges from root units were 
computed; 1) co-occurrence of deciduous woods, evergreen 
woods and bamboo groves, 2) co-occurrence of grasses and 
woods (deciduous or evergreen) and 3) co-occurrence of grasses 
and bamboo groves or hedges. 
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Figure 3. Co-occurrence value of different green-cover types 

 
3.3.3 GCI(Green Cluster Index): Green Cluster Index 
(Hirota et al., 2001), which was proposed for the pixel based 
raster data such as high-resolution satellite image, indicates the 
extent of clustering of each green-covered patch. GCI is 
computed by summing up GDI (Green Distance Index) values. 
GDI is the pixel value indicating the concentration of green-
covered pixels within the surrounding quadrangular area with 
15 by 15 pixels on all sides, the center of which is the GDI 
computing pixel (Figure 4). GDI is computed only on green-
covered pixels, and computed by filtering geo-processing. GCI 
is the averaged value of GDI of the green-cover pixels by the 
area of green-cover pixels within a fixed region (e.g. grids). 
As the index of green-cover clustering, GCI of each green cover 
type in every range from the root units was computed. 
 
Green cover data (0/ 1)

0 0 0 0 0 0 1 1 1 1 1 1 1 0 0
1 1 1 0 0 0 0 1 1 1 1 1 0 0 0
1 1 1 0 0 0 0 0 1 1 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 1 1 1 0 0 0 0 0 0 0
0 0 0 1 1 1 1 1 1 1 0 0 0 0 0
0 0 0 1 1 1 1 1 1 1 0 0 0 0 0
0 0 0 1 1 1 1 1 1 1 0 0 0 0 0
0 0 0 1 1 1 1 1 1 1 0 0 1 1 1
0 0 0 0 0 0 1 1 1 0 0 1 1 1 1
1 0 0 0 0 0 0 0 0 0 1 1 1 1 1
1 1 0 0 0 0 0 0 0 1 1 1 1 1 1
1 1 1 0 0 0 0 0 0 1 1 1 1 1 1
1 1 1 1 1 0 0 0 1 1 1 1 1 1 1
1 1 1 1 1 1 0 0 0 1 1 1 1 1 1

GDI filtering grids
0.07 0.55 0.98 1.36 1.67 1.90 2.05 2.10 2.05 1.90 1.67 1.36 0.98 0.55 0.07
0.55 1.06 1.53 1.95 2.30 2.58 2.74 2.80 2.74 2.58 2.30 1.95 1.53 1.06 0.55
0.98 1.53 2.05 2.52 2.92 3.23 3.43 3.50 3.43 3.23 2.92 2.52 2.05 1.53 0.98
1.36 1.95 2.52 3.04 3.50 3.87 4.12 4.20 4.12 3.87 3.50 3.04 2.52 1.95 1.36
1.67 2.30 2.92 3.50 4.03 4.47 4.79 4.90 4.79 4.47 4.03 3.50 2.92 2.30 1.67
1.90 2.58 3.23 3.87 4.47 5.02 5.43 5.60 5.43 5.02 4.47 3.87 3.23 2.58 1.90
2.05 2.74 3.43 4.12 4.79 5.43 6.01 6.30 6.01 5.43 4.79 4.12 3.43 2.74 2.05
2.10 2.80 3.50 4.20 4.90 5.60 6.30 7.00 6.30 5.60 4.90 4.20 3.50 2.80 2.10
2.05 2.74 3.43 4.12 4.79 5.43 6.01 6.30 6.01 5.43 4.79 4.12 3.43 2.74 2.05
1.90 2.58 3.23 3.87 4.47 5.02 5.43 5.60 5.43 5.02 4.47 3.87 3.23 2.58 1.90
1.67 2.30 2.92 3.50 4.03 4.47 4.79 4.90 4.79 4.47 4.03 3.50 2.92 2.30 1.67
1.36 1.95 2.52 3.04 3.50 3.87 4.12 4.20 4.12 3.87 3.50 3.04 2.52 1.95 1.36
0.98 1.53 2.05 2.52 2.92 3.23 3.43 3.50 3.43 3.23 2.92 2.52 2.05 1.53 0.98
0.55 1.06 1.53 1.95 2.30 2.58 2.74 2.80 2.74 2.58 2.30 1.95 1.53 1.06 0.55 Sum of GDI filtering grids
0.07 0.55 0.98 1.36 1.67 1.90 2.05 2.10 2.05 1.90 1.67 1.36 0.98 0.55 0.07 672.84

GDI processing grids
0.00 0.00 0.00 0.00 0.00 0.00 2.05 2.10 2.05 1.90 1.67 1.36 0.98 0.00 0.00
0.55 1.06 1.53 0.00 0.00 0.00 0.00 2.80 2.74 2.58 2.30 1.95 0.00 0.00 0.00
0.98 1.53 2.05 0.00 0.00 0.00 0.00 0.00 3.43 3.23 0.00 0.00 0.00 0.00 0.00
1.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 4.03 4.47 4.79 4.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 3.87 4.47 5.02 5.43 5.60 5.43 5.02 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 4.12 4.79 5.43 6.01 6.30 6.01 5.43 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 4.20 4.90 5.60 6.30 7.00 6.30 5.60 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 4.12 4.79 5.43 6.01 6.30 6.01 5.43 0.00 0.00 3.43 2.74 2.05
0.00 0.00 0.00 0.00 0.00 0.00 5.43 5.60 5.43 0.00 0.00 3.87 3.23 2.58 1.90
1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.03 3.50 2.92 2.30 1.67
1.36 1.95 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.87 3.50 3.04 2.52 1.95 1.36
0.98 1.53 2.05 0.00 0.00 0.00 0.00 0.00 0.00 3.23 2.92 2.52 2.05 1.53 0.98
0.55 1.06 1.53 1.95 2.30 0.00 0.00 0.00 2.74 2.58 2.30 1.95 1.53 1.06 0.55
0.07 0.55 0.98 1.36 1.67 1.90 0.00 0.00 0.00 1.90 1.67 1.36 0.98 0.55 0.07

GDI = sum of  GDI processing grids /  sum of GDI filtering grids = 332.18/ 672.84 =0.49

×

↓

 

3.3.4 Average minimum distance: In order to grasp the 
influence of the distance from each green cover, the average  
minimum distance from each green-cover patch to any pixel 
was calculated. The distance raster from the patches of each 
green cover type was generated, and mean distance from each 
green cover type in the area of non-green pixels in each range 
from the root units was computed (Figure 5). 

 
 

 
 
 
 

4. DATA ANALYSIS 

4.1  Relationship between the richness of species and the 
distribution of green covers: First, in order to certify the 
relationship between the number of butterfly species and the 
area of green covers in each range (25m, 50m, 100m and 200m), 
linear regression and logarithm regression was carried out as a 
simple correlation analysis. The dependent variable was the 
number of species that were present in each root unit, and the 
independent variables were the area of the total green covers 
from each root unit.  
Then,  a regression tree by CART(Classification and Regression 
Trees) (Breiman et al, 1984) was applied to the datasets.  
As a nonparametric method, CART is robust to many of the 
data issues that sometimes plague parametric models, and as a 
recursive model, the approach is also able to capture some 
relationships that make sense ecologically but that are difficult 
to reconcile with conventional linear models in statistics (Urban, 
2002).  
Two dependent variables were adopted, one is the number of 
butterflies, and the other is Shannon-Weaver’s H’ as the 
diversity index of butterfly species. Independent variables were 
the four indices (Diversity index H, Edge number, GCI and 
Average minimum distance) of each green cover type in each 
different range from root units.  
In CART, the regression tree was grown and pruned under the 
requirements that the minimum number of samples for 
divergence of parent node was 5, that of the child node was 2, 
and the maximum depth of divergence was set at 5 levels. As 
the software for CART analyses, SPSS Classification Trees 
(SPSS Inc.) was used. 
 

4.2 Relationship between the width of butterfly species 
composition and the distribution of green covers:  

Butterflies confirmed in the survey were classified into three 
types based on the bibliography; grassland species, forest-edge 
species and forest (interior) species. Then, the pattern of the 
butterfly species composition in each root unit was classified 
into three levels; 1) only grassland species appeared, 2) Both 
grassland species and forest-edge species appeared and 3) forest 
species appeared. 
In order to examine the relationship between the indices of 
green-cover distribution and the width of species, classification 
tree of CART was executed, in which the dependent variable 
was the level of species composition that appeared in each root 
unit, and the four indices of each green cover type in every 
different range from root units were the independent variables. 
In CART, the requirements of making trees were the same as 
those in 3.4.1. 
On the other hand, in order to extract the influential variables in 
each landscape indices separately, the classification tree was 
executed as follows; each of GCI, edge number and average 
minimum distance was separately adopted as independent 
variables, and the level of species composition in each root unit 
was dependent variable. 
 

5. RESULTS 

5.1 Relationship between the richness of butterfly species 
and the distribution of small-scale green covers 

A total of 30 butterfly species of 1376 individuals were 
recorded in the survey (Table.1). 2 species (Papilio Menelaides 
memnon thunbergii and Favonius saphirinus), of which only 

Figure 4. Process of calculating GDI 

Figure 5. Distance raster from the patches of a green cover 
 (The brighter, the further from patches) 



 

one individual was recorded in the survey, were excluded from 
the analysis in advance. 
On the other hand, accuracy in the classification of satellite 
image was examined by comparing the output of classified 
image with the fine-scale land cover data in the study area made 
by reading aerial photography data with 25cm resolution. The 
correlation coefficient between the classified green-covers and  
the ground truth in each range is shown in Table.2.   
From the result of linear and logarithm regressions, significant 
relationships were certified between the total butterfly species 
and the total area of green covers in every distance of ranges 
from root units (Table.3).  
From the result of the regression tree by CART, in which 
dependent variable was the number of species, and the 
independent variables were 4 indices in each range with 
different distances from root units, the variables such as GCI of 
deciduous woods in 25m range (+; positive influence), average 
minimum distance from bamboo groves in 100m range (-
;negative influence) were extracted as main factors with 
correlation to the number of species. Additionally, by CART, in 
which dependent variable was Shannon-Weaver’s H’, the 
extracted correlational indices by the regression tree were GCI 
of evergreen woods in 50m range (+) and GCI of deciduous 
woods in 100m range (+) (Figure.5). 
The existence of united evergreen and deciduous woods was 
thought to affect the number of butterfly species. The diversity 
index H of green covers did not necessarily affect the number 
of butterfly species in the study area. 
 

 
 
 

 
 
 

Figure 5. Output of regression tree; Shannon-Weaver’s H’ as 
dependent variable. 

 
 
5.2 Relationship between the width of butterfly species 
composition and the distribution of green covers: 

In the results from the classification tree, in which dependent 
variable was the combination of species types and independent 
variables were the landscape indices, the forest species could be 
the indicator to extract the requirements for the width of 
butterfly species in the study area.  

Node 0
Mean 1.823
Std. Dev. 0.716
n 80
% 100 .0
Predicted 1.823

EvgWoods_GCI_50m
Improvement=0.137

Shannon-Weavers'H'

Node 1
Mean 1.413
Std. Dev. 0.624
n 36
% 45.0
Predicted 1.413

Orchard_AveDist_200m
Improvement=0.037

<= 0.00

Node 2
Mean 2.158
Std. Dev. 0.607
n 44
% 55.0
Predicted 2.158

DcdWoods_GCI_100m
Improvement=0.053

> 0.00

Node 3
Mean 1.482
Std. Dev. 0.566
n 34
% 42.5
Predicted 1.482

<= 8.02

Node 4
Mean 0.234
Std. Dev. 0.332
n 2
% 2.5
Predicted 0.234

> 8.02

Node 5
Mean 2.048
Std. Dev. 0.545
n 39
% 48.8
Predicted 2.048

Edge_HdgOrc_100m
Improvement=0.026

<= 14.59

Node 6
Mean 3.022
Std. Dev. 0.302
n 5
% 6.2
Predicted 3.022

> 14.59

Node 7
Mean 2.156
Std. Dev. 0.531
n 32
% 40.0
Predicted 2.156

Bamboo_AveDist_100m
Improvement=0.033

<= 36235.63

Node 8
Mean 1.553
Std. Dev. 0.275
n 7
% 8.8
Predicted 1.553

> 36235.63

Node 9
Mean 2.553
Std. Dev. 0.395
n 11
% 13.8
Predicted 2.553

<= 5.68

Node 10
Mean 1.948
Std. Dev. 0.477
n 21
% 26.2
Predicted 1.948

> 5.68

R2 Sig. R2 Sig.
25m range 0.782 0.000 0.819 0.000
50m range 0.767 0.000 0.805 0.000

100m range 0.766 0.000 0.801 0.000
200m range 0.782 0.000 0.801 0.000

linear logarithmic Distance from
root units

Table 3.  Relationship between the number of species and the 
area of green covers 

Table 1. Butterfly species surveyed in the study area 

forest- edge species forest species

Family Papilionidae Family Lycaenidae Family Pieridae Family Lycaenidae
Graphium sarpedon nipponum Lycaena phlaeas daimio Artogeia melete melete Japonica lutea

Papilio (Papilio) machaon hippocrates Pseudozizeeria maha argia Anthocharis scolymus Narathura japonica
Papilio (Papilio)  xuthus xuthus Celastrina argiolus ladonides Family Lycaenidae Favonius saphirinus *

Papilio (Menelaides) protenor demetrius Lampides boeticus Curetis acuta paracuta Family Nymphalidae
Papilio Menelaides memnon thunbergii * Family Nymphalidae Family Nymphalidae Hestina japonica

Family Pieridae Cynthia cardui Neptis sappho intermedia Family Satyridae
Colias (Colias) erate poliographus Family Hesperiidae Vanessa indica Neope goschkevitschii

Eurema (Terias) hecabe hecabe Potanthus flavum Polygonia c- aureum Lethe sicelis
Artogeia rapae crucivora Pelopidas mathias oberthueri Kaniska canace no- japonicum

Parnara guttata guttata Family Hesperiidae
Daimio tethys tethys

grassland species

*The species of which only one indivisual was observed in the survey

Orchards Bamboo
groves Hedges Farmland Evergreen

woods
Deciduou
s woods Grasses

200m range 0.962 0.796 0.780 0.826 0.812 0.887 0.782
100m range 0.931 0.755 0.786 0.828 0.788 0.865 0.786
50m range 0.855 0.707 0.725 0.697 0.764 0.786 0.685
25m range 0.743 0.719 0.603 0.365 0.637 0.849 0.624

Table 2. Correlation between the classified green cover and 
ground truth data in each range 



 

The influential landscape indices for the appearance of forest 
species were mainly the edge number between deciduous 
woods and evergreen woods in 100m range (+), followed by the 
diversity index H of green-cover types in 100m range (+)  
(Figure.6).  
On the other hand, from the classification tree which was 
executed separately by each landscape index as independent 
variables, the variables shown in Table.4 were extracted as 
influential ones for the appearance of forest butterfly species.  
In GCI and average minimum distance, the deciduous woods in 
smaller range was important for the appearance of forest species, 
while in edge number, border length between deciduous woods 
and evergreen woods in wider range was a fundamental 
condition.  

 

6. DISCUSSION 

6.1 Influence of landscape factors of each green cover type 
on the number of butterfly species: 

By using CART, the factors of green cover distribution in 
different types and ranges of covers and their interrelationships 
were analysed.  
The landscape indices related to the mosaic of deciduous woods, 
evergreen woods and bamboo groves were influential to the 
number and diversity index H’ of butterfly species. Especially, 
the deciduous woods both in small and wide range and the 
mixture of evergreen woods in deciduous woods were thought 
to be fundamental for the number and the diversity of butterflies 
in the area. This would indicate that the existence of feeding 
plants or nectar sources for different butterfly species is assured 
by the mixture of deciduous and evergreen woods. On the other 
hand, the distance from bamboo grooves were negatively 
correlated to the number and the diversity index of butterfly 
species, which indicated that the butterflies depending on 
bamboo groves would locally contribute to the width of species 
composition. 
As a factor for the number of species or the diversity index H’, 
the diversity index H of green cover types was not necessarily 
influential.. In the study area, the green covers were dispersed 
to pieces of patches, and the influence of the variation of their 
sizes and the spatial distribution were supposed to be little in 
large scale. 
 

Node 0
Category % n

62.0 49grassland sp. only
24.1 19grassland sp. & forest-edge sp.
13.9 11forest sp. appearance

Total 100 .0 79

Edge_DcdEvg_100m
Improvement=0.108

Combination_SpeciesTypes (3groups)

Node 1
Category % n

70.1 47grassland sp. only
26.9 18grassland sp. & forest-edge sp.

3.0 2forest sp. appearance
Total 84.8 67

Edge_HdgGrs_25m
Improvement=0.062

<= 16039.50

Node 2
Category % n

16.7 2grassland sp. only
8.3 1grassland sp. & forest-edge sp.

75.0 9forest sp. appearance
Total 15.2 12

DiversityH_100m
Improvement=0.038

> 16039.50

Node 3
Category % n

80.4 41grassland sp. only
15.7 8grassland sp. & forest-edge sp.

3.9 2forest sp. appearance
Total 64.6 51

Bamboo_AveDist_100m
Improvement=0.071

<= 15383.81

Node 4
Category % n

37.5 6grassland sp. only
62.5 10grassland sp. & forest-edge sp.

0.0 0forest sp. appearance
Total 20.3 16

Grass_AveDist_100m
Improvement=0.033

> 15383.81

Node 5
Category % n

100 .0 2grassland sp. only
0.0 0grassland sp. & forest-edge sp.
0.0 0forest sp. appearance

Total 2.5 2

<= 1.60

Node 6
Category % n

0.0 0grassland sp. only
10.0 1grassland sp. & forest-edge sp.
90.0 9forest sp. appearance

Total 12.7 10

> 1.60

Node 7
Category % n

30.0 3grassland sp. only
60.0 6grassland sp. & forest-edge sp.
10.0 1forest sp. appearance

Total 12.7 10

Bamboo_GCI_50m
Improvement=0.049

<= 5.43

Node 8
Category % n

92.7 38grassland sp. only
4.9 2grassland sp. & forest-edge sp.
2.4 1forest sp. appearance

Total 51.9 41

> 5.43

Node 9
Category % n

80.0 4grassland sp. only
20.0 1grassland sp. & forest-edge sp.

0.0 0forest sp. appearance
Total 6.3 5

<= 2.11

Node 10
Category % n

18.2 2grassland sp. only
81.8 9grassland sp. & forest-edge sp.

0.0 0forest sp. appearance
Total 13.9 11

> 2.11

Node 11
Category % n

0.0 0grassland sp. only
100 .0 6grassland sp. & forest-edge sp.

0.0 0forest sp. appearance
Total 7.6 6

<= 4.45

Node 12
Category % n

75.0 3grassland sp. only
0.0 0grassland sp. & forest-edge sp.

25.0 1forest sp. appearance
Total 5.1 4

> 4.45

grassland sp. only
grassland sp. & forest-edge sp.
forest sp. appearance

Figure 6. Output of classification tree; the types of species composition in root units as dependent variable. 

Table 4.  The variables related to the appearance of forest 

Hedge
100m range
（＋）

Grass 
200m range
（－）

Bamboo groves
25m range
（－）

18% (n=2)73% (n=8)64% (n=7)27% (n=3)82% (n=9)18% (n=2)
Ratio in total 11 root units with the appearance of forest species

Evergreen
Woods
100m range
（＋）

Independent Var.：
Average min. dist.

Independent Var.：
GCI

Independent Var.：
Edge number

Deciduous
woods
25m range
（＋）

Deciduous woods
25m range
（＋/－）

Hedge‐ Bamboo grove
100m range
（＋）

Hedge - Grass
25m range
（－）

Deciduous woods - Evergreen woods
100m range
（＋/－）

Deciduous woods
50m range
（－/＋）

Hedge
100m range
（＋）

Grass 
200m range
（－）

Bamboo groves
25m range
（－）

18% (n=2)73% (n=8)64% (n=7)27% (n=3)82% (n=9)18% (n=2)
Ratio in total 11 root units with the appearance of forest species

Evergreen
Woods
100m range
（＋）

Independent Var.：
Average min. dist.

Independent Var.：
GCI

Independent Var.：
Edge number

Deciduous
woods
25m range
（＋）

Deciduous woods
25m range
（＋/－）

Hedge‐ Bamboo grove
100m range
（＋）

Hedge - Grass
25m range
（－）

Deciduous woods - Evergreen woods
100m range
（＋/－）

Deciduous woods
50m range
（－/＋）



 

6.2 Relationship between the width of butterfly species 
composition and the distribution of green covers 

In the analyses, the appearance of forest (interior) species was 
thought to be the effective indicator to grasp the factors 
affecting the width of range of butterfly species. From the 
output of the classification tree, the wide-scale factors such as 
the edge number between deciduous woods and evergreen 
woods and the diversity index H of green cover types affecting 
the appearance of forest species. By classification trees 
adopting edge number, GCI and average minimum distance 
separately as independent variables, the scale of range which is 
influential to the forest species was different by the indices. In 
edge number, the variable in higher rank was the edge number 
between deciduous woods and evergreen woods in the 100m 
range, which is affected by the landscape characteristics in 
larger scale than in the variables in GCI and average minimum 
distance. Since the edge number between evergreen and 
deciduous woods was influential to the combination of types of 
butterfly species among the indices, the edge number was 
thought to be the effective variable to grasp the multi-scale 
function of green cover mosaics for the appearance of forest 
butterfly species. The local scale habitat requirements such as 
the patches of deciduous woods guaranteed by large scale 
landscape correlation (e.g. green cover mosaics with adjoining 
evergreen woods or grasslands, for example) were supposed to 
be the key factor for the width of species composition.  
 
6.3 Effectiveness of the object-based classification 

The landscape indices from the object-based classification of 
satellite images were applicable to extract the key factors of 
green-cover distribution, which was not possible using the 
green cover data by pixel-based classification. The 
classification tree model for  the width of butterfly species 
could be applied to the green cover distribution in surrounding 
areas.  
In this study, the relationship between the attributes of plane 
distribution of small-scale green covers and the richness of 
butterfly species was focused using landscape indices. However, 
as Corry et al. (2005) point out the limitation of landscape 
indices, the suitability of indices used should be cautiously 
investigated. Additionally, as the aspects of ecological process 
of urban land cover, the change of vegetation or landform in 
urbanizing process, should be considered in future studies.  
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