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Abstract. Military training areas are increasingly recognized as areas of high biodiversity and habitats for many wild organisms, in-
cluding threatened or endangered species. However, the information on the ecological value of military training areas is limited because
it is difficult access these sites. The aim of this study is to evaluate the effect of military activity on butterfly communities. The survey
was carried out in a military training area (MTA) at Inje-gun near the demilitarized zone (DMZ), Inje forest (IJF) a secondary forest
and Gwangneung forest (GWF) an old growth forest, from April to October 2008 to 2011. IJF and GWF were selected in order to
determine the characteristics of a butterfly community differed in a MTA. Butterfly communities differ greatly among sites. Estimated
species richness and species diversity were significantly higher in MTA compared to GWF. Grassland species were abundant in MTA
and forest interior species in GWF. Species richness and abundance of red listed species, especially grassland species, were greatest in
MTA, but absent in GWF. Military activities were beneficial for red listed grassland species because they maintained an open habitat,
which is rare elsewhere in current Korea. This study indicates that MTAs are important in terms of conservation and in providing a
refuge for red listed grassland species.

INTRODUCTION riculture and urban development (Quist et al., 2003; Reif
et al., 2011). Some MTAs are larger than many national

nized as areas of high biodiversity and habitats for many parks'and refuges, are often.relgtively isolated and haYe
wild organisms, including threatened or endangered spe- experienced little or no urbanization (Cohn, 1996). In addi-

cies (Smith et al., 2002; Althoff et al., 2004; Warren et tion, the frequency, extent and intensity of the disturbance

al., 2007; Warren & Biittner, 2008). They have often been caused by military activity results in a mosaic of differ-
transformed into legally protected nature conservation ent suctcessmnal stages. Hf)w?v?r, the 1nfoqnat10n on the
arcas (IUCN, 1996). For example, all nations within the ecological value of MTAs is limited as public access is re-
EU are required to designate a certain percentage of their Str;ftﬁd b@aus}:: ofKunexpl(;Sed bombs. i d
landmass as “special areas of conservation” to be included oflowing the Korean War many military camps an

in the Natura 2000 network (EUROPA, 2014). Nomina- MTAs were established in South Korea (Hong, 2008)
tions are based on a high biodiversity and the occurrence along with a Demilitarized Zone (DMZ) between North

of red listed species and priority habitats. Noting that their agd Sou;l]lEquea in 19513i{(Byunhe t 2%1'1’ 220,(1),3; Na'lzli(;lnalf Ilrll A
military training lands have these characteristics, Denmark stltutep ) Ewronnlq)en}tla h esear;:l ’ d)' ZWI t .(;) t i
has nominated 45% of its military area, the Netherlands DMZ is 2 km on both the northern and southern sides o

and Germany 50%, and Belgium 70% (Gazenbeek, 2005; thi'Kl(l)lrea'n Military Dem'arcatior'l Lilﬁ:' It i(si r(elzcogni;ednas
Warren et al., 2007; Jentsch et al., 2009). Typical military a highly important area mternationally and domestically,

areas include those used for maneuvers by large, tracked mn terms of'the blofhversr[y there with rare Specics, en-
and wheeled vehicles that can traverse thousands of hec- dangers:d wild species and nam??l monuments (Ml.n '1stry
tares in a single training exercise (Smith et al., 2002; Quist of EI}Vlronment, 2014). Many military camps anfl military
et al., 2003). These activities have effects ranging from tram'mg areas located around the DMZ plg yan 1.n.1portant
minor soil compaction and flattening of standing vegeta- role in keeping landscapes open due to various military ac-

tion to severe compaction and complete loss of vegetative tivities including large-vehicle ManCuvers. Howev§r, Ko-
cover in areas where the activity is highest (Wilson, 1988; rea has successful reforested, which led to a decline in open

Milchunas et al., 2000). However, MTAs often encompass landscapes. Grasslands greatly decreased and current@y
large tracts of land that are protected from intensive ag- only account for 0.4% (39,371 ha) of the total land mass in

Military training areas (MTA) are increasingly recog-
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South Korea

Fig. 1. Map showing the locations of the sites studied. Bold lines indicate each transect.

Korea (Ministry of Land, Transport and Maritime Affairs,
2011). This environmental change will affect the distribu-
tion and abundance of organisms in the forest ecosystem.
It is likely that some rare species or endangered grassland
species have survived in grassland formed by military ac-
tivity. However, little scientific research or monitoring is
permitted on military land.

Butterflies are one of the most popular elements of
wildlife and flagships of biodiversity (Nakamura, 2011).
Butterflies are a good indicator group, because their popu-
lations respond more rapidly to adverse environmental
change than longer lived organisms (Thomas et al., 2004).
Butterflies are known to respond to global warming (e.g.
Kwon et al., 2014), urbanization (e.g. Lee et al., 2015),
agricultural intensification (e.g. van Swaay et al., 2010),
and change in land use (e.g. Smith et al., 2002). Butterfly
communities are greatly affected by changes in vegetation,
because most butterfly larvae have strong associations with
their host plants and adults require a specific range of nec-
tar plants (Thomas, 1995; Honda & Kato, 2005; Lee et al.,
2015). In addition, the taxonomy and life histories of most
Korean species are already well known and the adults of
many species can be reliably identified in the field (Kim &
Seo, 2012; Kim et al., 2012; Lee et al., 2015).

This study provides a better understanding of how mili-
tary activity can influence native organisms. In order to
understand the ecological role of MTAs, the butterfly com-
munity in a MTA was compared with those in conservation
areas in Inje forest (IJF) a secondary forest, and Gwangne-
ung forest (GWF). We tested the following hypotheses: (1)
Species richness and diversity of butterflies in the MTA are
higher than those in IJF and GWF; (2) The butterfly com-
munity in the MTA differs from those in INJ and GWF; (3)
grassland species are more abundant in the MTA and forest
interior species in GWF; (4) red listed species are more
abundant in the MTA than in INJ and GWF.

MATERIAL AND METHODS
Study sites

In Korea, military camps and training areas are strictly off-lim-
its to civilians. It is almost impossible to survey them due to the
many trenches, minefields and unexploded bombs. However, one
of our long-term survey areas for butterflies was rapidly changed
into a military training area. The expectation was that the envi-
ronment would be greatly changed by the military activity so we
immediately carried out a butterfly survey in secondary forest,
Inje forest (IJF), which is adjacent to the military training area
(MTA). Although replication in ecological studies is important, it
is impossible to survey several military training areas in Korea.
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This MTA will also soon become off-limits to civilians. We ar-
ranged to collect data that are rarely recorded for military train-
ing areas. Gwangneung forest (GWF), which is one of the most
famous conservation areas, was selected to clarify the character-
istics of the butterfly community in the MTA. We conducted a
butterfly survey using line transects at three study sites (Fig. 1).

MTA (37°54°N, 128°20°E) is used for military maneuvers with
tanks and armored vehicles and not accessible to the general pub-
lic. There are clear cuttings in forests in MTAs with open habitats
maintained by continuous shelling and the movement of military
vehicles. The most important herbaceous plants are Trifolium re-
pens, Aster yomena and Lysimachia barystachys. The butterfly
survey in the MTA was conducted along a dirt road of about 2
km in length. IJF (37°55'N, 128°20°E), secondary forest, is lo-
cated adjacent to the MTA. IJF is used as a control for measur-
ing any change in butterfly communities in response to military
activity. The major species of trees are Quercus mongolica, Pi-
nus densiflora and Sorbus alnifolia. The butterfly survey in IJF
was conducted along a forest road of about 2 km in length. GWF
(37°44’'N, 127°9°E) has been protected and managed since it was
designated as the mausoleum forest of King Sejo in 1468 (Korea
National Arboretum, 2008). Most Korean forests are re-growth
forests after being damaged by war or reckless deforestation, but
GWF has been consistently managed for about 450 years (Ko-
rea National Arboretum, 2014). GWF is older than 100 years and
composed mainly of Quercus serrata and Carpinus laxiflora (Lee
et al., 1990). The butterfly survey in GWF was conducted along a
forest road of about 2 km in length, and included the “long-term
ecological research” (LTER) site of the Korean Forest Research
Institute.

Butterfly surveys

These surveys were carried out using line transects (Yamamo-
to, 1975; Pollard & Yates, 1993). We recorded the species and the
number of individuals of all butterflies observed within 10 m of
each transect. This method has been extensively used to survey
and monitor butterfly communities (Honda & Kato, 2005; Clark
et al., 2007; Lee et al., 2014). The surveys were conducted dur-
ing the adult flight season once a month from April to October
in 2008 to 2011. In total, 28 surveys were carried out at each
site. The butterfly surveys were carried out when the weather was
fine and there were no clouds. The butterflies that we could not
identify by sight were caught using sweep nets and then released
after identification.

Habitat type and red listed species

Butterflies were classified based on habitat type they occupied.
Habitat type was that of their larvae and they were classified as
either grassland (GL), forest edge (FE) or forest interior species
(FT). If a species occupied more than one habitat, the habitat re-
corded for it was the more frequently utilized habitat. Red listed
species were classified as endangered (EN), vulnerable (VU) or
near threatened species (NT). The classification of red listed spe-
cies was based on red data book of endangered insects in Korea I
(National Institute of Biological Resources, 2012).

Landscape pattern

Vegetation surveys could not be carried out because of unex-
ploded bombs. Aerial photographs (Samah Aerial Survey Co)
were used to compare environmental patterns of the surrounding
environment along each transect at the different sites studied. The
aerial photograph of the MTA and IJF was taken on 23 May 2013
and of GWF on 13 May 2011. The resolution of the aerial photo-
graphs was 28 cm. The environment 100 m on either side of the
survey transects were classified as either: forest, open land, river,
dirt road or asphalt road.
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Fig. 2. Percentage of the surrounding area along each transect
covered by different environmental features.

Data analysis

Species richness (number of species) and species diversity
were evaluated using “Estimate S” (Colwell, 2005). Species
richness was estimated using “Chao 1” (Heltshe & Forrester,
1983; Palmer, 1990) and species diversity was estimated using
the Shannon diversity index (Shannon & Weaver, 1949). Species
richness (Chao 1) and species diversity (H’) obtained using Es-
timate S were compared using a two-sample t-tests (Zar, 1999).
¥ tests were used to compare differences in species richness and
abundance in the same habitats at the different sites studied (Zar,
1999). The structure of butterfly communities and the effect of
landscape were determined using detrended correspondence anal-
yses (DCA; Hill & Gauch, 1980). We used unconstrained DCAs
to determine the variation in the complete species data and avoid
the problem of local minima occurring in nonmetric multidimen-
sional scaling (Leyer & Wesche, 2007). DCA was conducted us-
ing PC-ORD (ver. 6.0) (McCune & Mefford, 1999). Statistical
analyses were performed using STATISTICA ver. 8.0 (StatSoft
Inc., 2004).

RESULTS

Atotal of 3,151 butterflies belonging to 112 species were
recorded (Appendix 1). 1,956 individuals of 82 species
were recorded in the MTA, 383 individuals of 62 species in
IJF and 812 individuals of 57 species in GWF. In the MTA,
Colias erate was the most abundant, comprising 16.5% of
the total number of individuals. Cupido argiades (11.8%),
Ypthima argus (8.4%) and Polygonia c-aureum (7.0%)
were also abundant. These four species comprised 44% of
the total number of individuals. In IJF, Pieris napi (10.7%),
Thymelicus leoninus (6.3%) and Lethe diana (5.7%) were
most abundant. In GWF, Libythea lepita (25.2%) was most
abundant, followed by Pieris melete (14.2%) and Argynnis
paphia (11.5%). The dominant species differed significant-
ly at the different sites.

The landscape surrounding the survey routes are shown
in Fig. 2. Forest accounted for more than 98% at IJF and
GWF, whereas open land accounted for 18% at the MTA.

Estimated species richness was significantly higher in the
MTA than IJF and GWF (MTA vs. IJF: t =4.64, df =54, P
<0.001; MTA vs. UF: t=6.71, df = 54, P <0.001; Fig. 3).
Estimated species richness was similar in IJF and GWF (¢
=1.92, df'= 54, P=0.06). Species diversity was similar in
MTA and UUF (¢t =-1.07, df = 54, P = 0.29). However, spe-
cies diversity was significantly lower in GWF than MTA
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Fig. 3. Estimated species richness (Chao 1) and species di-
versity (H’) of butterflies recorded along each transect. Species
richness and species diversity were calculated using Estimate S
(Colwell et al., 2004). Different letters on the bars indicate sig-
nificant differences between sites based on #-tests. Error bars of
species richness (Chao 1) and species richness indicate one stand-
ard deviation.

and IJF (GWF vs. MTA: ¢ =5.73, df=54, P <0.001; GWF
vs. UF: t=15.44, df =54, P <0.001).

The comparison of species richness and abundance of
habitat type is shown in Fig. 4. Species richness was simi-
lar in MTA and IJF (> = 0.50, df=2, P=0.778). However,
species richness differed significantly in MTA and GWF
(> =17.86, df =2, P <0.001) and between IJF and GWF
(x> = 11.38, df=2, P=0.003). Abundance differed signifi-
cantly in the different sites studied (3> = 138.66—-1175.34,
df=2,P<0.001).

Species richness and abundance of red listed species
were highest in the MTA and absent in the GWF (Fig. 5).
Of the red listed species recorded, one endangered species
(EN), eight vulnerable species (VU) and four near threat-
ened species (NT) were recorded in the MTA. One EN,
seven VU and one NT were recorded in the IJF. Melitaea
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Fig. 4. The percentage of species richness and abundance of
butterflies in habitat type recorded at the different sites studied.
Different letters on graphs indicate significant differences among
sites studied based on y>-tests between two sites. The numbers in
the columns indicate species richness (number of species) and
abundance (number of individuals).
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Fig. 5. Species richness and abundance of red listed species
recorded at the different sites studied.

protomedia, an EN, was recorded in MTA and 1JF. In the
VU category, Gonepteryx maxima, Satyrium w-album,
Ochlodes similis and O. venatus were recorded only in
MTA. Coenonympha hero, Erebia wanga and Boloria os-
carus were recorded only in IJF. In the NT category, Gon-
epteryx aspasia, Lycaena dispar, and Neptis andetria were
recorded only in MTA.

The ordination plot of butterfly communities showed a
clear separation based only on the sites studied (Fig. 6).The
two main axes explained 27.7 and 6.6% of the total vari-
ance. The first axis was correlated with forest (» = 0.624),
open land (r =-0.564), dirt road (» =-0.619), asphalt road
(r=-0.832) and river (r =-0.619).

DISCUSSION

The results confirmed our hypothesis that species rich-
ness and abundance of red listed species are highest in
MTA. Also, species richness and abundance of habitat type
in MTA was significantly different and species diversity in
MTA was significantly higher than in GWF. Butterfly com-
munities differed greatly among the sites studied. In Korea,
there are many military training areas because of the pre-
vailing political problems on the Korean peninsula. MTAs
for maneuvers involving large-vehicles and shelling cover
a large area and negatively affect a variety of terrestrial
ecosystems (Quist et al., 2003). There are reductions in
native plants, perennial grasses and increases in the abun-
dance of introduced species in the plant communities, and
an increase in the area of bare soil in MTAs (Wilson, 1988;
Milchunas et al., 2000; Quist et al., 2003; Gaertner et al.,
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Fig. 6. Ordination of the butterfly communities based on detrended correspondence analysis (DCA). Vectors indicate environmental
features with an axis correlation 2 > 0.3. The small letters indicate the position of each species of butterfly.

2010). However, MTAs are considered important ecologi-
cal reserves. The military practices create the habitat patch-
es and habitat connectivity needed for the maintenance of
metapopulations of endangered insects (Warren & Biittner,
2008). The proportion of lupine stems with damage caused
by Karner blue butterfly larvae, an endangered species, was
greater in areas where military vehicles had traveled than
where they had not (Smith et al., 2002). Smith et al. (2002)
show that abundance of nectar producing plants is higher
in areas traveled by tracked vehicles than in those unaf-
fected by tracked vehicles. Military activities with tanks
and armored vehicles continually create and maintain open
landscapes. These open habitats will lead to an increase in
GL. Of the 13 red listed species recorded in MTA, 9 spe-
cies (69%) were recorded in GL. Our result indicate that
the MTA is one of the areas with the greatest number of
red listed grassland species in Korea (Kim et al., 2012).
This study indicates that MTAs have an important role as
refuges for conservation and the maintenance of red listed
grassland species.

Recently, grasslands have only accounted for 0.4%
(39,371 ha) of the total land area in Korea (Ministry of
Land, Transport and Maritime Affairs, 2011). Korea is one
of the nations that successfully reforested after World War
II. Korean government promoted an extensive reforestation
program for about 30 years between 1970s and 1990s (Lee
& Kwon, 2014). In addition, the Korean economy grew
during this period and the major energy source changed
from firewood to fossil fuels (Kwon et al., 2010). As a re-
sult, most of the mountainous areas that were denuded or
grass-covered in the 1960s are now forested (Bae & Lee,
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2006). This environmental change would have affected the
species composition of the butterfly community. In this
study, red listed species in GL, such as Lycaena dispar,
Ochlodes similis, and O. venatus, were found only in MTA.
These species are found at approximately 20 sites in Ko-
rea (Kim et al., 2012). Choi & Kim (2012) show that the
cause of decline in Korean endangered species is climate
change, over collecting, forest succession, grassland loss
and loss of symbiont ants. The main cause of the decline
of 13 endangered species of butterflies, such as Lycaeides
subsolanus, Argynnis aglaja, and Coenonympha amaryl-
lis, is loss of grassland (Choi & Kim, 2012). Melitaea
protomedia, Boloria oscarus, Boloria perryi and Ochlodes
similis, red listed species in GL, which were recorded in
this study are found at fewer than 10 sites in Korea (Kim
et al., 2012). The habitat of M. profomedia is semi-natural
grassland maintained mainly as pasture or meadow and
this butterfly has become rarer due to the abandonment of
management of grassland in Japan (Nakamura, 2011). In
Japan, voluntary-based mowing assists the conservation
of M. protomedia (Nanba, 2009). Boloria is restricted to
cooler regions in the northern hemisphere (Simonsen et
al., 2010). In Korea, the decline of Boloria may be due to
the effect of climate change and loss of grassland (Choi &
Kim, 2012). Boloria oscarus is recorded in grassland fol-
lowing a forest fire (Kwon et al., 2013). Although there is
no ecological information on Ochlodes similis, the decline
of this species is also likely to be due to loss of grassland.
Grassland should be conserved and maintained in order to
keep a high butterfly diversity within forest ecosystems
(Lee etal.,2014). In contrast to records of red listed species



in MTA and IJF, there were no red listed species recorded
in GWF. This result is significant, because GWF is one of
the most important conservation areas in Korea. The veg-
etation in GWF is composed of old growth forest because
it has been conserved as a mausoleum forest for about 450
years. However, red listed species recorded in FI and FE
were not recorded in GWF. Lee & Kwon (2014) report that
red listed species, such as Leptidea amurensis and Argyn-
nis Niobe, were recorded after clear cutting at Jukyeob-san,
Gwangneung Forest. Cizek et al. (2013) show that butterfly
richness is higher in MTAs, but reserves host more endan-
gered butterflies in the Czech Republic. Reserves protect
rare or declining habitats such as oligotrophic wetlands,
eutrophic wetlands, or warm grasslands and their associ-
ated butterflies (Cizek et al., 2013). Some butterflies may
even decline in abundance in some reserves because of too
meticulous management. Thus, butterfly diversity is not al-
ways high in conservation areas as these areas need to be
disturbed occasionally in order to maintain their butterfly
diversity.

In Korea, butterflies in GL declined dramatically com-
pared to their prior abundance due to loss of grassland
(Kwon et al., 2010, 2012). Of the 69 butterflies red listed
by the National Institute of Biological Resources (2012),
37 are GL species and make up 54% of the red listed spe-
cies. In Japan, grassland butterflies are the most threatened
and have declined most widely, with an extremely high rate
of decline of over 80% in 40 years (Nakamura, 2011). The
main cause is a change in the traditional landscape, which
included secondary woodland, grassland, paddy fields and
other habitats. The Japan Butterfly Conservation Society
(JBCS) founded in 2004 to halt this decline, carries out
various activities such as scientific research and monitor-
ing, protection and management of habitats, campaigns
and produces pamphlets (Nakamura, 2011). The awareness
of the need to restore grassland is increasing and a National
Grassland Restoration Network was founded in 2007 (Na-
kamura, 2011). In contrast, in Korea, there are no conser-
vation activities for Korean red listed species, except those
of a voluntary group for Parnassius bremeri. The expec-
tation is that many more GLs will be threatened and lost
as occurred in Japan. However, many military camps and
MTAs including the DMZ inadvertently conserve and cre-
ate grasslands. Further scientific studies and monitoring
are required to clarify the current status of biodiversity in
military areas.

CONCLUSIONS

The results indicate there is a high butterfly diversity
and a large number of red listed species in MTAs. In con-
trast, no red listed species were recorded in GWF, which
is one of most conserved areas in Korea. GL species were
most abundant in MTA. This study fills an important gap
in our understanding of the effects of military activity and
conservation areas in forest ecosystem. However, we do
not wish to imply that military activity is an ideal form
of disturbance. Korean government tries to conserve and
maintain diversity and distinctive features of species ac-

cording to the 3" national biodiversity strategy and action
plan (Ministry of Evironment, 2014). However, there is a
lack of conservation of open habitats in and around the for-
est ecosystem, except for alpine wetlands and the DMZ
(Ministry of Evironment, 2014). There is a need for long
term plans to conserve and manage grasslands in military
areas connected with the DMZ in order to conserve biodi-
versity for the future.
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ArpenDIX 1. Butterflies observed at the study sites from 2008 to 2011. See text for classification methods of habitat type and red list species of but-
terfly. Habitat type: GL — grassland species, FE — forest edge species, FI — forest interior species. Red list species: EN — endangered species, VU — vul-
nerable species, NT — near threatened species.

Military training area Inje forest Gwangneung forest Habitat Red
i - - - 9 .
Species 2008 2009 2010 2011 'O 2008 2009 2010 2011 SU°° 2008 2009 2010 2011 U7 To@l % Tl g
total total total
Parnassiys stubbendorfii 1 5 1 2 9 1 1 2 11 035 GL
Luehdorfia puziloi - 6 1 17 3 27 27 086 FI
Byasa alcinous 1 1 1 003 FE
apilio xuthus 2 2 2 0.06 GL
Papilio machaon 1 2 1 1 5 5 016 GL
Papilio macilentus 1 2 3 2 1 1 4 7 022 FE
Papilio bianor 1 1 2 9 1 10 12 038 FI
Papilio maackii. 2 1 29 32 1 2 7 10 1 1 43 136 FI
Leptidea morsei 38 7 30 10 83 7 2 312 97 3.08 GL
Pieris napi 4 3 & 25 42 10 13 3 15 4] 83 2.63 FE
Pieris melete 19 3 4 329 5 [ 80 9 7 19 115 150 476 FE
Pieris canidia 12 14 6 32 7 1 8 6 5 9 5 25 65 206 FE
Pieris rapae 3 8 11 11 035 GL
Anthocharis scolymus 1 1 8 10 1 2 1 1 5 1 1 16 0.51 FE
Gonepteryx maxima 1 1 2 2 006 FE VU
Gonepteryx aspasia 1 1 2 2 006 FI NT
Colias erate 89 82 72 79 322 1 1 323 10.25 GL
Artopoetes pryeri 1 1 1 0.03 FE
Ussuriana michaelis 1 1 1 003 F
Japonica saepestriata 1 1 1 003 F
Japonica lutea 1 1 1 3 4 5 016 F
Antigius attilia . 4 4 4 013 F
Chrysozephyrus smaragdinus 3 3 3 010 F
Chrysozephyrus brillantinus 3 2 2 7 7 022 F
Favonius korshunovi 2 3 S 5 016 F
Favonius taxila 1 1 1 003 F
Sa;yrqum herzi. 1 1 1 003 FE
Satyrium pruni 4 1 5 2 2 7 022 FL
Satyrium prunoides 1 3 1 5 5 0.16 FE
Satyrium eximius 1 1 1 3 1 1 4 013 FE
Satyrium w-album 1 1 1 003 FE VU
Caﬁaphrysferreus . 3 3 2 2 10 1 3 4 2 1 3 17 054 FE
Callophrys frivaldszkyi 1 1 1 0.03 FE
Rapala caerulea 2 1 1 4 2 2 2 2 8 025 FE
Lycaena dzslvar 2 2 4 4 013 GL NT
Lycaena phlaeas 4 8 1 316 16 051 GL
Lampides boeticus 1 1 1 0.03 GL
Zizeeria maha 24 1 25 25 079 GL
Cupido argiades 139 43 36 12 230 5 3 1 9 1 1 240 7.62 GL
Celastrina argiolus 5 26 9 14 54 6 9 4 1 20 2 1 4 13 87 276 FE
Plebei;'us argyrognomon 2 3 5 5 016 GL
Libythea lepita 1 1 2 2 20 4 21 160 205 208 6.60 F
oenonympha hero 1 1 1 003 GL VU
opinga achine. 1 1 1 003 FE
Kirinia epimenides 5 2 7 2 2 9 029 FE
Kirinia epaminondas 2 3 3 8 1 1 9 029 FE
%ycalesgs_ francisca 1 1 4 1 5 6 0.19 FE
[ycalesis gotama 3 3 1 3 3 7 10 032 FE
Lethe marginalis 1 1 2 1 1 3 010 FI
Lethe diana = 4 1 5 1 11 6 12 4 22 1 1 34 1.08 FI
Nm]guta schrenckii 2 1 3 1 3 4 7 022 FE
Melanargia epimede 9 8 1 321 3 1 1 5 26 0.83 GL NT
Minois dryas 25 16 10 21 72 5 3 1 6 15 87 2776 GL
}thhz'ma drgus 47 68 18 31 164 4 4 3 1 12 176 559 GL
Epthtma multistriata 1 2 4 7 1 1 2 9 029 GL
rebia wanga . 1 1 2 2 006 FE VU
Argynnis paphia 3 1 17 4 25 2 3 5 30 21 31 11 93 123 390 FE
rgynnis zenobia 1 1 1 0.03 FE
rgynnis laodice 310 17 3 33 2 2 7 2 13 4 1 5 51 162 GL
Argynnis ruslana 6 3 6 5 20 7 3 2 12 19 2 6 27 59 187 GL
Argynnis anadyomene 1 1 4 2 6 7 022 FE
Argynnis niobe 1 1 2 2 2 4 013 GL VU
Argynnis vorax 1 2 8 2 13 3 2 5 18 0.57 GL
Brenthis ino 1 1 1 003 GL
Boloria oscarus 1 1 2 2 006 GL VU
Boloria perryi. 18 8 3 2 31 2 2 4 35 1.1 GL VU
imenitis camilla 9 3 12 7 2 9 1 2 24 0.76 FE
imenitis doerriesi. 1 2 7 2 12 12 038 FE
Limenitis helmanni 4 8 2 1 15 2 1 3 2 2 4 22 070 FE
Limenitis sydyi 1 1 1 0.03 FE
Limenitis amphyssa. 1 1 1 003 FI
Limenitis moltrechti 1 1 1 1 2 0.06 FI
Neptis sapf:ho 34 25 16 18 93 8 4 1 6 19 1 1 3 2 7 119 378 FE
Neptis ph;]yra_ 1 1 3 2 3 7 15 16 051 F
Neptis philyroides 1 1 8 11 1 8 28 29 092 F
Neptis speyeri. 1 1 2 2 6 10 11 0.35 E
Neptis rivillaris 3 4 9 23 39 1 1 2 2 42 133 FE
Neptis pryeri . 3 6 9 13 31 3 1 1 1 6 37 117 FE
Neptis aridetria 2 1 3 3 010 FE NT
Neptis alwina 1 1 2 1 1 2 4 8 10 032 FE
Neptis thisbe 1 1 1 1 1 2 3 5 016 F
Apatura metis . 1 5 2 9 17 2 2 19 060 F
imathyma schrenckii 5 3 8 1 1 2 1 3 12 038 F
Chitoria ulupi 2 1 2 4 9 9 029 F
Hestina persimilis 4 1 1 6 6 019 F
Hestina assimilis 3 1 4 8 8 025 F
Sasakia charonda 2 2 331 38 38 121 FI
Araschnia levana 2 2 2 006 FE
Araschnia burejana 1 1 6 6 7 022 FE
Vanessa cardui 19 10 2 g8 39 5 1 6 45 143 GL
Vanessa indica 1 7 8 8 025 GL
Polygonia c-aureum 54 57 20 136 7 11 2 20 1 5 161 511 GL
Polygonia c-album 2 2 2 006 FI
Kaniska canace 1 2 1 4 1 2 2 2 5 11 035 FE
Melitaea protomedia 2 7 312 1 1 13 041 GL EN
Burara aquilina 9 9 9 029 FI
Lobocla bifasciata 3 2 5 2 7 2 11 3 3 19 0.60 FE
Satarupa nymphalis 1 1 1 003 FI
Daimio tethys 1 1 2 3 1 1 5 7 022 FE
Erynnis montanus 3 4 3 10 6 1 3 1 11 18 4 4 26 47 149 FE
Ic’yr us maculatus 4 4 1 1 5 016 GL VU
arterocephalus silvicola 3 3 3 0.10 GL
Hetero?terus morpheus 4 7 5 1 17 1 1 18 057 GL VU
Thymelicus leoninus 30 12 3 28 73 17 3 1 3 24 2 2 9 314 GL
Thymelicus sylvaticus 5 14 2 3 24 2 3 5 1 1 2 31 098 GL
chlodes similis 1 2 3 3 010 GL VU
Qchlodes venatus 2 1 3 3 010 GL VU
Qchlodes ochraceus 1 1 2 2 1 1 4 0.13 GL
Ochlodes subhyalinus 3 1 4 4 013 GL
Polytremis zina 1 1 2 2 0.06 GL
Pelopidas jansonis 1 1 1 003 GL
Parnara guttata 1 17 4 1 23 1 1 24 0.76 GL
Species richness 56 45 57 59 82 40 31 33 24 62 30 30 30 36 57 112
Abundance 629 444 438 445 1956 143 95 78 67 383 270 93 129 320 812 3151
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