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Abstract

Many earlier studies on Thai flora and fauna showed that the richness of the ecosystem in this region 
arises from biogeographic situation. The distribution of Lepidoptera species is highly depended 
on the distribution of flora, especially food plants. Therefore, by analyzing their distribution 
data, we can get some insight into the flora and fauna of this area. Here, we used the Papilionidae 
family data. The raw data were composed by 0 or 1 in each cell of the spread sheet according to 
the presence or absence in a province. In this analysis, we could analyze the spatial differences and 
similarities of provinces from the view point of the butterfly’s distribution. By conducting a factor 
analysis with the principal component analysis mode, five factors were obtained. The meanings of 
former four factors could be explained. This analytical result seems to support the classification 
of zoo-geographical sub-regions proposed by many researchers.
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1. Introduction

 Many earlier studies on Thai flora and 
fauna showed that the richness of the ecosystem 
in this region arises from biogeographic 
situation; the southern region is located on 
the northern edge of the Sunda shelf, and the 
northern region is heavily influenced by China - 
Himalayan biosphere (Hughes et al., 2003: Gray 
et al., 1991).
 In case of analyses on the biodiversity, 
insects were often used as a marker, because 
of their relative immobility compared to other 
animals such as birds and mammals. The 
distribution of Lepidoptera species is highly 

depended on the distribution of flora, especially 
food plants. Therefore, more understanding 
about the flora and fauna of the ecosystem could 
be obtained by analyzing their distribution data. 
In addition, amateur researchers, collectors, and 
photographers accumulated a large number of 
specimens and data.  
 Elliot (1980) suggested an interesting 
hypothesis for the life zone in Thailand in the 
preface of volume four of the “Butterflies in 
Thailand” by Pinratana (1981). He mentioned 
that Thailand could be divided into four 
zoogeographic zones in which the more 
sedentary butterflies, characteristic of a primary 
forest, tend to become a distinct subspecies. 
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These four zones were called, (i) the Indo-
Burmese zone, covering northwest and west 
upper 10N latitude, (ii)the Kedawian zone, 
covering Peninsula below 10N latitude, (iii) 
the Malayan zone, covering the extreme south-
east confined to Yala district, and (iv) the 
Indo-Chinese zone, covering center and east 
area and extending to Vietnam. However, this 
concept has not been supported by quantitative 
analysis based on a recent database. The aim 
of this study is to add new insight concerning 
these hypotheses based on a statistical analysis 
using a recent database which is available from 
books and internet web sites.

2. Materials and Methods 

 Regarding to butterflies, there are many 
species of Hesperiidae and Lycaenidae which 
are difficult to distinguish, and some of the 
past data contains misidentified ones. Here, we 
believe that the easiest method to identify is the 
most appropriate for adopting the Papilionidae 
family data. Data used were almost the same 
format as our previous analysis (Okamoto, 2011 
and 2013). In our previous study some factor 
loading values tended to be quite different 
in two adjacent provinces on the map. The 
data for these provinces might come only 
from a few hot spots for the collectors, and 
other sites within the provinces might not be 
investigated. This problem has the potential of 
becoming a serious bias. In order to mitigate 
these problems, we added the latest available 
data. Recently, there are many websites posting 
photos of butterflies, and their contents have 
been improved considerably. For this reason, 
the data were also extracted from the following 
three sites.
 - Antonio Giudici, Thailand Butterflies 
species gallery, https://www.thaibutterflies.com/  
 - Les Day, Samuibutterflies, http://www.
samuibutterflies.com/home/ 
 - Butterflies of Thailand© 2015 - 2018 
wingscales.com, https://wingscales.com/
Papilionidae 
 Regarding to the provinces adopted, it 
is almost the same as our previous study. In 
addition, Lapkratok (2010) recently introduced 

the situation of Sa Kaeo province with Pang 
Sida Falls. As reported by Lapkratok, Pang Sida 
National Park was recently registered as a World 
Heritage Site, and it had the highest butterfly 
diversity. Therefore, we added this province, and 
extracted the data from the WEB sites above. 
Moreover, we also added our original photo 
data as shown in Fig. 1. Almost all taxonomic 
methods were taken from Kimura et al (2011). 
However, subdivision for a few subspecies is not 
consistent among the databases. In this analysis 
the identification conducted by Inayoshi (2010) 
and Kimura et al. (2011) was mainly applied. 
 The raw data were composed by 0 or 1 
in each cell of the EXCEL spread sheet. The 
column of the spread sheet corresponded to 
the province. The row was related with the 
species or subspecies. If a species was recorded 
in a province, the data “1” was inserted in the 
corresponding cell. If not, data “0” was inserted 
in the cell. A part of the data sheet is shown 
in Table 1. Although there are 77 provinces 
in Thailand, about two thirds were excluded 
from the analysis. Finally, the data set of 91 
species (and subspecies) and 30 provinces were 
prepared for the statistical analysis.
 In this analysis, a province was considered 
to be a variable; we could analyze the spatial 
differences and similarities of provinces in 
term of the butterfly’s distribution. Using this 
data set, a correlation coefficient between two 
provinces was calculated. Based on a set of 
correlation coefficients for all combinations 
of the two provinces, a correlation matrix was 
constructed. A part of the correlation matrix is 
shown in Table 2.

3. Results and Discussions

 Factor analysis with the principal 
component analysis mode was conducted by 
IBM-SPSS package PASW Statistics version 19. 
At first, communality was assumed to be 1.0 and 
all of the eigenvectors were calculated. Next, the 
eigenvector of its corresponding eigenvalues less 
than 1.0 was deleted. After this screening, five 
factors were remained and Varimax rotation was 
conducted. Varimax rotated factor loadings are 
shown in Table 3. From this table we could easily 
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Table 2. A part of correlation matrix

Table 3   Factor loadings after Varimax rotation, variables (provinces) are rearranged according to the 
values of factor loadings, factor loadings higher than 0.50 are shown in bald character 
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Figure 1. Some swallowtail butterflies (Papilionidae) of the Pang Sida national park
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Figure 2. Scatter diagram of Varimax rotated factor loadings (factors 1 and 2) 

Figure 3. Spatial distributions of provinces that have higher factor loadings, 

circle: factor 1, rectangular: factor 2, triangle: factor 3, and triangle upside down: factor 4.

(The map data was referred from the following site, http://www.freemap.jp/asia/asia_thai_all.html)
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interpret that factor 1 represents the eastern 
region; factor 2 is the northern region; factor 3 
is the peninsular region; factor 4 is the western 
region. 
 A scatter diagram for factor loadings 
between 1 and 2 is shown in Fig.2. The provinces 
which have higher factor loadings are plotted 
in Fig.3. As shown in Fig.3, sampling sites 
(provinces) which have similar positions within 
this scatter diagram show an adjacent position 
in a real geographical situation. Therefore, we 
can easily understand the meaning of each 
factor. In the scatter diagram between factors 1 
and 2, almost provinces except peninsular area 
were allocated continuously in the graph. This 
result may endorse a Kimura’s hypothesis that 
central area such as Phu Khieo, Phu Kradueng, 
and Khao Yai area is explained as a mixture of 
Indo-Myanmar and Indo-Chinese sub-regions. 
In the scatter diagram of factor loadings (see 
Figure 2), positions of the southern provinces 
were strongly isolated from that of northern 
(continental) portion. This result suggested that 
zoo-geographical sub-regions are consistent 
with the distribution for a corresponding pair 
of the two subspecies, one is continental, and 
another is peninsular.
  Since factor loadings of factor 2 for the 
Northern provinces such as Chiang Mai, Chiang 
Rai, Nan, Mea Hong son and Lampang are 
high, we can easily understand that this factor 
is related with the northern species. Factor 
loadings of the factor 3 are large for Trang, 
Satan, Yala, Surat Thani, and Ranong, and this 
factor is related to the southern area. 
 Elliot (1980) and Kimura et al. (2011) 
divided the southernmost peninsular area into 
two different sub-regions, east and west side of 
the peninsula. However, it was found that the 
raw data for southern provinces was too sparse 
for this analysis, and therefore could not make 
substantial conclusions concerning this point.

4. Conclusion

 In order to discuss the geographical 
distribution of Papilionidae in Thailand, a 
statistical analysis was conducted. By conducting 
a principal component analysis five factors were 

obtained, and the meanings of former four 
factors could be explained as follows: factor 1 
represents the central eastern area; factor 2 is the 
northern; factor 3 is the southern or peninsular; 
factor 4 is western. This analytical result seems 
to support the classification of zoo-geographical 
sub-regions proposed by many researchers.
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