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Abstract

Butterflies provide a wide range of ecosystem services. Considering the threat to global
biodiversity posed by climate change and habitat fragmentation, the establishment of a
comprehensive nature reserve network to ensure the species richness of butterflies is imperative.
This study applied species distribution modelling to simulate the distribution of 233 butterfly
species in Taiwan and assessed the effectiveness of a nature reserve network for protecting
butterfly species. A species distribution model (SDM) was built for each species, and all the
SDMs were stacked together to obtain the species richness and distribution of butterfly species.
Furthermore, buffer zones were laid around existing nature reserves to compare their richness in
species. The results indicated that the SDMs exhibited reliable performance, but when overlaid
with existing nature reserves, the mean species richness in nature reserves was significantly
lower than that in buffer zones 5—15 km from nature reserves. Therefore, the importance of buffer
zones was established, and this study advises the competent authorities in charge of nature
reserve management to take the species richness of butterflies into consideration and to improve

the conservation of butterflies in buffer zones.
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Introduction

Insects occupy a dominant position in
many ecosystems, providing ecosystem
services such as pollination, biological
control, nutrient cycling, and the
propagation of innumerable species (Losey
and Vaughan 2006). Among insect taxa,
butterflies have been regarded as effective
indicators of the health of land-based
ecosystems (Thomas 2005; Bonebrake et al.
2010; Bergerot ef al. 2013) because they are
more vulnerable to human interference than
other taxa (Koh 2007; Gross 2016).
Additionally, butterflies possess aesthetic
value and some scholars suggest that
butterflies may be an ideal medium for
humans to reestablish a harmonious
connection with Mother Nature (Soga and
Gaston, 2016).

The establishment of nature reserves is
one of the main strategies for the
preservation of biodiversity. Presently, land-
based nature reserves worldwide constitute
approximately 12% of the global land
surface (Seiferling et al. 2012) with the
primary function of preserving threatened

species. An effective method to evaluate the
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success of a nature reserve is to determine
the species richness within it, i.e., the
number of different species belonging to a
specific taxon (Jenkins ef al. 2015; Veach et
al. 2017).

The emergence of species distribution
modelling has enabled the accurate
estimation of species distribution. Maximum
entropy (MaxEnt) is widely recognised as
one of the most effective species distribution
models (SDMs) (Elith ef al. 2006; Phillips et
al. 2006; Kumar and Stohlgren 2009). By
stacking the simulated areas of the
distribution of numerous species,
researchers are able to determine the species
richness of a given area (Dubuis et al. 2011;
Mateo et al. 2012; Cord et al. 2014). This
SDM-based estimation method has been
applied to assess the effectiveness of nature
reserves in protecting specific animal or
plant species, or species belonging to a
specific taxon (Kaky and Gilbert 2016;
Hughes 2017; Zhang et al. 2017; da Silva et
al.2018).

Taiwan is an island situated at the
junction of the tropical and subtropical zones
to the southeast of China. The mountainous

terrain of the island creates sharp rises and
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falls in its topology, resulting in dramatic
changes in the horizontal and vertical
climate. Tropical, subtropical, temperate,
cold temperate and alpine tundra climates
can all be found on the island, resulting in
remarkably high biodiversity. Furthermore,
the high diversity of the local flora, a quarter
of which are endemic species, contributes
greatly to the diversity of butterflies. As a
result, Taiwan is home to 400 butterfly
species, approximately 18% of which are
endemic. This level of species richness is
rarely found elsewhere in the world (Hsu et
al. 1997; Chu 2005).

Butterflies, like species worldwide, are
threatened by climate change and habitat
fragmentation (Forister ef al. 2010; Oliver et
al. 2015). In view of butterflies' importance
to nature and humans, the establishment of
comprehensive conservation strategies is
essential. In this study, we investigate the
relationship between butterfly species
richness and nature reserves in Taiwan.
Specifically, butterfly species survey data
were used to construct SDMs, revealing the
species richness of butterflies in terms of
spatial distribution. The information was
subsequently overlaid with maps
representing established nature reserves to
determine how species richness differed
inside and outside of those reserves. We hope

to promote butterfly conservation in Taiwan
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through the results obtained from this study.

Materials and methods

Study Area

Taiwan is an island in the northwest Pacific
Ocean, to the east of continental Asia. To its
west, it is separated from China by the
Taiwan Strait, and to its south, it is separated
from the Philippines by the Bashi Channel
(Fig. la). Taiwan is approximately 36,000
km® in size, and the island features numerous
high mountains and short and fast-flowing
rivers. The east side of the island is
predominately composed of mountains and
hills and most of the plains and level grounds
that are suitable for urban development are
on the west side. The highest peak, Yu Shan
(aka Mount Jade), has an elevation of 3,952
m. Most of the rivers on the island originate
from the Central Mountain Range and flow
into the western plains. According to
Taiwan's Central Weather Bureau, from 1987
to 2008, the island received an average of
2300 mm of rainfall per year and had an
average temperature of 23.5°C. The Tropic
of Cancer divides the island into two general
climate zones, namely the tropical monsoon
climate zone to the south, and the subtropical
monsoon climate zone to the north (Central
Weather Bureau 2009). The dominant type of

land cover in Taiwan is forests, which
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Fig. 1. Maps of Taiwan. (a) Location of the island; (b) Boundaries and altitudes (digital

elevation model) of the nature reserves; (c) Buffer zones (5 km intervals from the

perimeter of nature reserves).
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constitute nearly 61% of the island's land
surface (Forestry Bureau 2014). A total of 95
nature reserves have been established
following the relevant environmental laws
and regulations in place to protect the
island's rich biodiversity. These nature
reserves occupy 6,945 km’ of land,
accounting for approximately 19% of the

island's total land area (Fig. 1b).

Species data

The estimated distribution of butterfly
species was calculated using yearly county-
based butterfly resource surveys conducted
by our research team along with the species
habitat data available on the cross-agency
species inquiry platform sponsored by the
Forestry Bureau. Surveys conducted between
1993 and 2017 were included and the
original data they provided were derived
from the geographic coordinate system. For
the purpose of this study, all numbers were
rounded off to the third digit after the
decimal point and all data were converted to
Taiwan Datum 97 and 2-degree transverse
Mercator coordinate system (TWD97/TM2),
which was also applied for the environmental
data subsequently collected. The unit area of
a grid was set to 1 km’ and multiple
recordings of the same species within a grid
unit were considered as a single observation.

Species that were recorded less than 10 times

P AT R T B M R e Z W 5T

were deemed unsuitable for species
distribution modelling and were excluded
from our analysis (Wisz et al. 2008). A total
of 42,646 sets of data were included in the
final analysis, covering 5 families, 120

genera, and 233 species (Table 1).

Table 1. Butterfly species in Taiwan included in
the species distribution calculations
T AUFREMNZYER A o DO S E
ZHE

Family =~ Number of genus Number of species

Lycaenidae 30 41
Hesperiidae 21 35
Pieridae 12 28
Nymphalidae 49 102
Papilionidae 8 27
Total 120 233

Environmental data

Environmental predictors refer to the
critical factors that affect species
distribution. We collected data on climate,
topology and land-use to include as
environmental predictors for the
construction of SDMs. Climate data were
downloaded from the WorldClim database
built by Hijmans ez al. (2005). WorldClim



GBS REVETZE(TW . of Biodivers.) 22(3): 159-176, 2020 165

contains climate data collected from stations
around the world between 1950 and 2000 and
the data have been converted into climate
grids with a spatial resolution of
approximately 1 km’ through interpolation.
The bioclimatic data in WorldClim are
compiled specifically for the purpose of
predicting species distribution.

This study adopted the 19 bioclimatic
variables available in WorldClim. The
topological data used in this study were also
derived from the WorldClim database. A
digital elevation (altitude) model was
downloaded for the generation of slope maps
using the ArcGIS 10.6 software package. We
followed methods from Gessler ef al. (1995)
and McCune and Keon (2002) with the
Geomorphometry and Gradient Metrics
toolbox (version 2.0, Evans et al. 2014) to
generate compound topographic indices
(representing humidity) and heat load
indices (representing solar radiation
intensity). Land-use data were retrieved
from the surveys conducted by the National
Land Surveying and Mapping Centre
between 2006 and 2008 (National Land
Surveying and Mapping Centre 2012). The
coverage ratios of the nine land-use types in
the land-use classification Level 1
(agriculture, forestry, transportation, water
resource, construction, public use,

recreation, mining, and other) were

calculated using 1 km® grids. Overall, 32
predictors were adopted as variables.

To prevent the over-fitting of variables
caused by collinearity, a Pearson correlation
analysis was performed to eliminate
undesirable variables. Specifically, when the
correlation coefficient between two
variables was > 0.7, the researchers followed
the practice of existing studies (Kumar and
Stohlgren 2009; Padalia et al. 2014) and
excluded one of the variables according to
considerations regarding research purpose,
relevance to target species and ease of
explanation. Thus, the correlation
coefficient was <0.7 between any two

variables of the 17 that were retained.

Species distribution modelling

MaxEnt 3.3.3k software was used to
construct SDMs (Phillips et al. 2006). First,
we established a training set for the model
using the data from 75% of the species,
which were selected randomly. Each species
was computed 10 times, after which the mean
value was used to determine the species'
logistic distribution. The value range of a
prediction is 0—1; the closer it is to 1, the
higher the probability of the species
appearing in the grid. Subsequently, the
MaxEnt threshold calculation method of 10"
percentile training presence was applied to

determine each species' potential
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distribution and to convert it into a binary
image (Kramer-Schadt et al/. 2013;
Radosavljevic and Anderson 2014). The
remaining 25% of the species were used to
assess the model validity according to the
area under the receiver operating
characteristics curve (AUC). The AUC
ranged from 0.5-1, with a higher value
denoting greater prediction accuracy. An
AUC value > 0.7 represents reliable
prediction accuracy (Fielding and Bell 1997;
Pearce and Ferrier 2000).

To determine the spatial relationship
between butterfly distribution and nature
reserves in Taiwan, the potential distribution
maps of each species were stacked to create a
species richness map, which was then laid on
a map representing the perimeter of each
nature reserve to gain a preliminary
understanding of the species' distribution.
Next, the island's topology was divided into
six elevation ranges by 500 m contour
intervals to determine the mean species
richness in each elevation range. Introducing
this altitude information was conducive for
recognising the patterns of butterflies'
spatial distribution. Additionally, seven
layers of buffer zones were established
around the perimeter of each nature reserve
(Fig. 1b) at 5 km intervals, reaching 35 km in
depth (Fig. 1¢). An analysis of variance was

performed to assess the difference in species

Vit E I =B R e Z 5T

richness between the layers of the buffer
zone, and the results were verified with a
Scheffé multiple comparison test to
determine whether there were significant
differences between the layers (P < 0.05).
Throughout this study, spatial and statistical
analyses were performed using the Arc GIS
10.6 and IBM SPSS 20.0 software programs,

respectively.

Results

The 32 initial variables were reduced to
17 after applying the standard of Pearson's
correlation coefficient < 0.7; resulting in six
climate-related predictors, three topology-
related predictors and eight land-use-related
predictors. SDMs were established
accordingly using MaxEnt, and the training
results revealed that the AUCs of the
butterfly species in the validation set were
0.72-0.98, with a mean of 0.83 and standard
deviation of < 0.18, indicating reliable
simulation results. Furthermore, calculations
based on the number of records revealed that
the mean AUC of species with a low number
of records was approximately 0.84, and this
value decreased with higher record numbers.
Even so, the AUCs of species with a high
number of records were all >0.79, indicating
no significant differences (Fig. 2).

The binary potential distributions of
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Fig. 2. Relationship between the number of
species records and mean AUC in the
SDMs of butterfly species in
Taiwan.
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butterfly species were stacked to generate a
species richness map. The values were
subsequently divided into high, medium and
low species richness levels. Calculation of
the respective areas of each level on the map
revealed that the areas with a high level of
species richness covered 5,200 km’
(approximately 14%) of the island's total
land area. These areas were distributed
primarily on the eastern and western sides of
the island, forming conspicuous belts. On the
western side of the island, they congregated
in the central region, with extensions
stretching north and south. On the eastern
side of the island, they congregated along the
Coastal Mountain Range (the Hai'an Range)

spanning the Hualien and Taitung Counties.
When the areas exhibiting a medium level of
species richness were also included, the total
area reached 14,000 km’ or 39% of the
island's total land area, and the distribution
expanded to low altitude regions. By
contrast, most of the areas with a low level of
species richness were either in high altitude
regions in the centre of the island, or in the

plains along the western coast (Fig. 3).
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Fig. 3. Species richness of butterflies in

Taiwan.
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In terms of altitude, the highest species
richness levels (mean value = 96) occurred at

501-1000 m, which was considered mid to
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low altitude. The second and third highest
richness levels were identified at
1,001-1,500 m and < 500 m, which were 62
and 58, respectively; these two ranges did
not exhibit a significant difference. None of
the three ranges above 1,500 m had a value
exceeding 32, suggesting that they had
relatively simple species compositions (Fig.
4).
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Fig. 4. Mean species richness of butterflies
in different altitude ranges in

Taiwan.
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We compared the spatial distribution of
butterflies in the areas designated as nature
reserves and buffer zones. The mean species
richness within nature reserves was 37, and
this value progressively increased by zone,

starting from the first 5 km outside the

Vit E I =B R e Z 5T

perimeter of nature reserves and culminating
at the 5-15 km distance zone (mean species
richness = 64-72). The species richness
started to decrease at the 20 km zone, and
continued decreasing to the 35 km limit (Fig.
5). The analysis of variance results indicated
that species richness was highest at 5 km, 10
km and 15 km from the nature reserve
boundaries, with comparable mean values
(i.e., a non-significant difference).
Conversely, those zones had significantly
higher species richness compared to the
reserve arca (0 km) and the zones 20 km or
further from the reserve. These results
indicate that the areas with the highest
species richness were not included within the

existing nature reserves (Table 2).
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Fig. 5. Mean species richness of butterflies

in nature reserves and buffer zones

in Taiwan.
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Table 2. Analysis of variance results in butterfly species richness between nature reserves and

buffer zones in Taiwan

2. YT S A (A 4R ] 2 B R T AR

0(A) 5(B) 10(C) 15(D) 20(E) 25(F) 30(G) 35(H)
0(A) - B>A* C>A* D>A* E>A* A>F A>G* A>H*
5(B) - C>B D>B B>E* B>F* B>G* B>H*
10 (C) - cC>D C>E* C>F* C>G* C>H*
15 (D) - D>E* D>F* D>G* D>H*
20 (E) - E>F* E>G* E>H*
25 (F) - F>G* F>H*
30 (G) - G > H*
35 (H) -

*=significant according to Scheffé's test at P < 0.05.

Numbers are the distance (km) from the boundary of natural reserve.

Discussion

AUC often serves as an indicator for the
accuracy of MaxEnt-based SDMs. However,
some researchers have voiced doubts
regarding the validity of AUC as an indicator
(Jiménez-Valverde et al. 2008; Lobo et al.
2008). According to these studies, AUC can
casily be affected by a species' number of
records; more specifically, a species with a
low number of records tends to yield a large
AUC, whereas a species with a high number
of records tends to result in a relatively small

AUC. In our study, 233 butterfly species

were investigated and the model performed
acceptably in terms of mean AUCs. Although
the situation addressed by the
aforementioned studies did occur, the mean
AUCs of species with a high number of
records were all close to 0.8 and there was no
significant difference when compared to the
AUCs of species with a low number of
records (Fig. 2). Therefore, the MaxEnt-
based SDMs in this study were not strongly
affected by the number of records. This is
consistent with similar studies that suggest
that a large sample size can be used to build

reliable SDMs (Kadmon et al. 2003;
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Hernandez et al. 2006; Kaky and Gilbert
2016).

Previous researchers have studied birds
as an indicator for environmental monitoring
(Gregory and van Strien 2010; Herrando e?
al. 2012). However, contemporary
researchers have maintained that butterflies
have equal potential to reflect the
biodiversity and health of an environment.
Butterflies are relatively easy for humans to
spot compared to other insect species, so
they can serve as a representative taxon in
insect surveys (Thomas 2005). Moreover,
because of the close coevolution between
butterflies and plants (Edger et al. 2015), a
reduction in the population or diversity of
butterflies can result in, or be indicative of,
the decline of undomesticated plants
(Gillespie and Wratten 2012). Numerous
member states of the European Union have
initiated studies on the feasibility of using
butterflies as indicators in urban
environment surveillance (Roy et al. 2015;
Dennis et al. 2017; Mills et al. 2017;
Ramirez-Restrepo and MacGregor-Fors
2017).

The results of our study indicate that, in
Taiwan, both the eastern and western sides of
the island harbour hot spots with high
butterfly species richness (Fig. 3), most of
which are distributed in mid to low altitudes

(Fig. 4). Accordingly, the habitats of most

Vit E I =B R e Z 5T

butterfly species overlap with cities or other
human activity, making butterflies a suitable
biodiversity indicator for environmental
surveillance. If social resources in
communities with high butterfly species
richness areas can be mobilised for the
systematic establishment of long-term
observation stations, a solid understanding
of the real-time status of ecosystems in these
areas and their peripheries can be obtained.

The spatial analysis results of this study
revealed that the areas with the highest
butterfly species richness in Taiwan have not
been included in the existing nature reserves
(Fig. 5, Table 2). This implies that most
butterfly species have not received adequate
protection. The same problem has been
reported in the rest of Asia and in Europe
(Klorvuttimontara et al. 2011; Zografou et
al. 2014; Cheng and Bonebrake 2017),
suggesting that countries worldwide may
have to reevaluate their butterfly
conservation strategies.

We advise the competent authorities in
charge of nature reserve management to take
the diversity of butterfly species into
consideration, particularly in the addition or
amendment of regulations. Notably, this
study demonstrated that buffer zones
surrounding nature reserves were hot spots
of high butterfly species richness. Similar

observations have been reported in other
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countries. For example, Zografou et al.
(2014) investigated butterfly species in the
Dadia National Park in Greece and found that
the buffer zone is of greater conservation
importance for butterflies than the core
areas. In the case of Taiwan, the high
population density exerts a considerable
human interference on the buffer zones
around nature reserves. As numerous studies
have reported, interference on the boundary
of a nature reserve can adversely affect the
ecological function and biodiversity of the
nature reserve's core area (Hansen and
DeFries 2007; Balme ef al. 2010; Laurance et
al. 2012). Therefore, buffer zones should not
be regarded as mere transition areas. Instead,
they should be regarded as an integral part of
a nature reserve and conservation practices
should take the management of buffer zones
into account. These practices will aid in
maintaining the biodiversity within the
nature reserve, allowing the ecosystems

within to continue to function normally.

Conclusions

This study used butterfly survey data to
establish SDMs, which were overlaid with
maps of nature reserves to assess the current
status of butterfly conservation. The results
led to the following conclusions: (1) the

SDMs that we constructed were effective in

predicting the spatial distribution of
butterfly species, which was useful in
providing the species richness of various
butterfly species; (2) the habitats of most
butterfly species fall in mid to low altitudes,
indicating that the species richness of
butterflies is an ideal biodiversity indicator
for the surveillance of urban environments;
and (3) buffer zones 5-15 km from the
perimeter of nature reserves are hot spots for
high butterfly species richness. Accordingly,
this study advises those in charge of nature
reserve management to take the diversity of
butterfly species into consideration and to
improve the conservation of such species in

buffer zones.

Acknowledgements

This study was sponsored by the
Ministry of Science and Technology and the
Council of Agriculture under the project
numbers MOST108-2621-M-329-001- and
107 and 108Nong Ke-13.9.2-Shen-WS§,

respectively.

Literature Cited

Balme, G. A., R. O. B. Slotow and L. T.
Hunter. 2010. Edge effects and the
impact of non-protected areas in

carnivore conservation: leopards in the



172

Phinda—Mkhuze Complex, South
Africa. Animal Conservation 13: 315-
323.

Bergerot, B., P. Tournant, J. P. Moussus, V.
M. Stevens, R. Julliard et al. 2013.
Coupling inter-patch movement models
and landscape graph to assess
functional connectivity. Population
Ecology 55:193-203.

Bonebrake, T. C., L. C. Ponisio, C. L. Boggs
and P. R. Ehrlich. 2010. More than just
indicators: a review of tropical butterfly
ecology and conservation. Biological
conservation 143: 1831-1841.

Central Weather Bureau 2009. Statistics of
climate changes in Taiwan, 1897-2008.
Central Weather Bureau, Taipei,
Taiwan.

Cheng, W. and T. C. Bonebrake. 2017.
Conservation effectiveness of protected
arcas for Hong Kong butterflies
declines under climate change. Journal
of Insect Conservation 21: 599-606.

Chu, Y. I. 2005. Insect into Focus:
Entomology in Taiwan, 1684—1945.
Taiwan Interminds Publishing Inc.,
Taipei, Taiwan.

Cord, A. F., D. Klein, D. S. Gernandt, J. A. P.
de la Rosa and S. Dech. 2014. Remote
sensing data can improve predictions of
species richness by stacked species

distribution models: a case study for

PE st U Y B R OR S 2 5T

Mexican pines. Journal of
Biogeography 41: 736-748.

da Silva, U. B. T., M. Delgado-Jaramillo, L.
M. de Souza Aguiar and E. Bernard.
2018. Species richness, geographic
distribution, pressures, and threats to
bats in the Caatinga drylands of Brazil.
Biological Conservation 221:312-322.

Dennis, E. B., B. J. Morgan, D. B. Roy and T.
M. Brereton 2017. Urban indicators for
UK butterflies. Ecological indicators
76:184-193.

Dubuis, A., J. Pottier, V. Rion, L. Pellissier,
J. P. Theurillat et al. 2011. Predicting
spatial patterns of plant species
richness: a comparison of direct
macroecological and species stacking
modelling approaches. Diversity and
Distributions 17: 1122-1131.

Edger, P. P., H. M. Heidel-Fischer, M.
Bekaert, J. Rota, G. Glockner et al.
2015. 2015. The butterfly plant arms-
race escalated by gene and genome
duplications. Proceedings of the
National Academy of Sciences 112:
8362-8360.

Elith, J., C. H. Graham, R. P. Anderson, M.
Dudik, S. Ferrier, A. Guisan et al. 2006.
Novel methods improve prediction of
species' distributions from occurrence
data. Ecography 29: 129-151.

Evans, J. S., J. Oakleaf, S. A. Cushman and



G W S REMERFZE(TW J. of Biodivers.) 22(3): 159-176, 2020 173

D. Theobald. 2014. An ArcGIS toolbox
for surface gradient and
geomorphometric modeling, version
2.0-0. Retrieved from
http://evansmurphy.wix.com/evansspat
ial.

Fielding, A. H. and J. F. Bell. 1997. A review
of methods for the assessment of
prediction errors in conservation
presence/absence models.
Environmental Conservation 24: 38-49.

Forestry Bureau 2014. Fourth forest
resources survey report. Forestry
Bureau, Taipei, Taiwan.

Forister, M. L., A. C. McCall, N. J. Sanders,
J. A. Fordyce, J. H. Thorne et al. 2010.
Compounded effects of climate change
and habitat alteration shift patterns of
butterfly diversity. Proceedings of the
National Academy of Sciences 107:
2088-2092.

Gessler, P. E., I. D. Moore, N. J. McKenzie
and P. J. Ryan. 1995. Soil-landscape
modeling and spatial prediction of soil
attributes. International Journal of
Geographical Information Systems 9:
421-432.

Gillespie, M. and S. D. Wratten. 2012. The
importance of viticultural landscape
features and ecosystem service
enhancement for native butterflies in

New Zealand vineyards. Journal of

Insect Conservation 16: 13-23.

Gregory, R. D. and A. van Strien. 2010. Wild
bird indicators: using composite
population trends of birds as measures
of environmental health. Ornithological
Science 9: 3-22.

Gross, M. 2016. Butterflies take a well-
studied tumble. Current Biology 26:
R823-R825.

Hansen, A. J. and R. DeFries. 2007.
Ecological mechanisms linking
protected areas to surrounding lands.
Ecological Applications 17: 974-988.

Hernandez, P. A., C. H. Graham, L. L. Master
and D. L. Albert. 2006. The effect of
sample size and species characteristics
on performance of different species
distribution modeling methods.
Ecography 29: 773-785.

Herrando, S., A. Weiserbs, J. Quesada, X.
Ferrer and J. Y. Paquet. 2012.
Development of urban bird indicators
using data from monitoring schemes in
two large European cities. Animal
Biodiversity and Conservation 35: 141-
150.

Hijmans, R. J., S. E. Cameron, J. L. Parra, P.
G. Jones and A. Jarvis. 2005. Very high
resolution interpolated climate surfaces
for global land areas. International
journal of climatology 25: 1965-1978.

Hsu, M. J., G. Agoramoorthy, K. Desender,



174

L. Baert and H. R. Bonilla. 1997.
Wildlife conservation in Taiwan.
Conservation Biology 11: 834-838.

Hughes, A. C. 2017. Mapping priorities for
conservation in Southeast Asia.
Biological Conservation. 209: 395-405.

Jenkins, C. N., K. S. Van Houtan, S. L. Pimm
and J. O. Sexton. 2015. US protected
lands mismatch biodiversity priorities.
Proceedings of the National Academy
of Sciences 112: 5081-5086.

Jiménez-Valverde, A., J. M. Lobo and J.
Hortal. 2008. Not as good as they seem:
the importance of concepts in species
distribution modelling. Diversity and
distributions 14: 885-890.

Kadmon, R., O. Farber and A. Danin. 2003. A
systematic analysis of factors affecting
the performance of climatic envelope
models. Ecological Applications 13:
853-867.

Kaky, E., and F. Gilbert 2016. Using species
distribution models to assess the
importance of Egypt's protected areas
for the conservation of medicinal
plants. Journal of Arid Environments
135: 140-146.

Klorvuttimontara, S., C. J. McClean and J. K.
Hill. 2011. Evaluating the effectiveness
of Protected Areas for conserving
tropical forest butterflies of Thailand.
Biological Conservation 144: 2534-

YitE AR FE R 2 E M R 25T
2540.

Koh, L. P. 2007. Impacts of land use change
on South-east Asian forest butterflies: a
review. Journal of applied ecology 44:
703-713.

Kramer-Schadt, S., J. Niedballa, J. D.
Pilgrim. B. Schroder, J. Lindenborn et
al. 2013. The importance of correcting
for sampling bias in MaxEnt species
distribution models. Diversity and
Distributions 19: 1366-1379.

Kumar, S. and T. J. Stohlgren 2009. MaxEnt
modelling for predicting suitable habitat
for threatened and endangered tree
Canacomyrica monticola in New
Caledonia. Journal of Ecology and
Natural Environment 1: 94-98.

Laurance, W. F., D. C. Useche, J. Rendeiro,
M. Kalka, C. J. Bradshaw ef al. 2012.
Averting biodiversity collapse in
tropical forest protected areas. Nature
489:290.

Lobo, J. M., A. Jiménez-Valverde and R.
Real. 2008. AUC: a misleading measure
of the performance of predictive
distribution models. Global ecology and
Biogeography 17: 145-151.

Losey, J. E. and M. Vaughan. 2006. The
economic value of ecological services
provided by insects. Bioscience 56: 311-
323.

Mateo, R. G., A. M. Felicisimo, J. Pottier, A.



GBS REVETZE(TW . of Biodivers.) 22(3): 159-176, 2020 175

Guisan and J. Mufioz. 2012. Do stacked
species distribution models reflect
altitudinal diversity patterns? PLoS One
7:e32586.

McCune, B. and D. Keon. 2002. Equations
for potential annual direct incident
radiation and heat load index. Journal of
Vegetation Science 13: 603-606.

Mills, S. C., T. H. Oliver R. B., Bradbury, R.
D. Gregory, T. Brereton et al. 2017.
European butterfly populations vary in
sensitivity to weather across their
geographical ranges. Global ecology
and biogeography 26: 1374-1385.

National Land Surveying and Mapping
Centre (2012). Second land use survey
plan report. National Land Surveying
and Mapping Centre, Taichung, Taiwan.

Oliver, T. H., H. H. Marshall, M. D.
Morecroft, T. Brereton, C. Prudhomme
et al. 2015. Interacting effects of
climate change and habitat
fragmentation on drought-sensitive
butterflies. Nature Climate Change 5:
941.

Padalia, H., V. Srivastava and S. P. S.
Kushwaha. 2014. Modeling potential
invasion range of alien invasive species,
Hyptis suaveolens (L.) Poit. in India:
Comparison of MaxEnt and GARP.
Ecological informatics 22: 36-43.

Pearce, J. and S. Ferrier. 2000. Evaluating

the predictive performance of habitat
models developed using logistic
regression. Ecological Modelling 133:
225-245.

Phillips, S. J., R. P. Anderson and R. E.
Schapire 2006. Maximum entropy
modelling of species geographic
distributions. Ecological Modelling
190:231-259.

Radosavljevic, A. and R. P. Anderson. 2014.
Making better Maxent models of
species distributions: complexity,
overfitting and evaluation. Journal of
biogeography 41: 629-643.

Ramirez-Restrepo, L. and I. MacGregor-
Fors. 2017. Butterflies in the city: a
review of urban diurnal Lepidoptera.
Urban ecosystems 20: 171-182.

Roy, D. B., E. F. Ploquin, Z. Randle, K.
Risely, M. S. Botham et al. 2015.
Comparison of trends in butterfly
populations between monitoring
schemes. Journal of Insect
Conservation 19:313-324.

Seiferling, I. S., R. Proulx, P.R. Peres-Neto,
L. Fahrig and C. Messier. 2012.
Measuring protected-area isolation and
correlations of isolation with land-use
intensity and protection status.
Conservation Biology 26: 610-618.

Soga, M. and K. J. Gaston. 2016. Extinction

of experience: the loss of human-nature



176

interactions. Frontiers in Ecology and
the Environment 14: 94-101.

Thomas, J. A. 2005. Monitoring change in
the abundance and distribution of
insects using butterflies and other
indicator groups. Philosophical
Transactions of the Royal Society B:
Biological Sciences 360: 339-357.

Veach, V., E. Di Minin, F. M. Pouzols and A.
Moilanen. 2017. Species richness as
criterion for global conservation area
placement leads to large losses in
coverage of biodiversity. Diversity and
Distributions 23: 715-726.

Wisz, M. S., R. J. Hijmans, J. Li, A. T.
Peterson, C. H. Graham, A. Guisan ef al.
2008. Effects of sample size on the
performance of species distribution
models. Diversity and Distributions 14:
763-773.

Zhang, M. G., J. F. Slik and K. P. Ma. 2017.
Priority areas for the conservation of
perennial plants in China. Biological
Conservation 210: 56-63.

Zografou, K., V. Kati, A. Grill, R. J. Wilson,
E. Tzirkalli et al. 2014. Signals of
climate change in butterfly
communities in a Mediterranean

protected area. PloS ONE 9: e87245.

YrtE st R &

ERORE 25T



	頁面 1
	頁面 2
	頁面 3
	頁面 4
	頁面 5
	頁面 6
	頁面 7
	頁面 8
	頁面 9
	頁面 10
	頁面 11
	頁面 12
	頁面 13
	頁面 14
	頁面 15
	頁面 16
	頁面 17
	頁面 18

