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ABSTRACT

This study focuses on the fields of research on the change of butterfly
colonies in Mt. Hallasan, the population of the Hipparchia autonoe (Esper
1784), genetic diversity of H. autone, and the conservation and restoration of
its habitats.

In order to investigate the population dynamics of H. autone in Mt.
Hallasan, 3 years of data from 2018 to 2020 were pooled for analysis, and the
study location covered an area of 7.2 km from Yeongsil to Baengnokdam, a
crater lake that sits on top of the mountain. The temporal and spatial
distribution of the species that had appeared in nine study zones were
analyzed by using a line transect. In addition, a study on the population of H.
autone, an endangered species, inhabiting the alpine area of the mountain was
conducted using Mark-Release-Recapture (MRR), focusing on the areas of
Janggumok and subalpine meadows in 2014. Lastly, habitat temperature and
humidity data were collected and analyzed, habitat environment and
vegetation surveys were conducted, and effective measures for habitat
conservation and restoration of H. autone were drawn up based on its
ecological characteristics and life cycles.

A three-year monitoring on the change of butterfly colonies in MLt.
Hallasan identified 9,992 individuals of 33 species of 5 families: 27 individuals
of 4 species of Pailionidae, 368 individuals of 2 species of Preridae, 70
individuals of 4 species of Silphidae, 8,482 individuals of 18 species of
Nymphalidae and 1,045 individuals of 5 species of Hesperiidae. As for the
number of species identified by study zone, 3,269 individuals (32.7%6) of 23
species, the largest number, were identified in Section H, with H. autone and

Aphantopus hyperantus (Linnaeus, 1758) being the dominant species. The

_Xi_



figures on a monthly basis showed that 4,076 individuals (40.8%) of 24
species, the largest number, appeared in July with H. autone and Aphantopus
hyperantus superior in numbers.

According to the cluster analysis, the dominance index was high in Section
A at 059 and low in Section E at 0.09. By month, the index was as high as
0.53 in June and as low as 0.11 in July. The diversity index indicated 2.34 for
Section E and 0.30 for Section A. On a monthly basis, it was 1.97 in July
and 1.12 in June. Species Richness index was high at 3.74 for Section D and
low at 0.74 for Section A. The month with the highest index was August at
3.21 while the lowest was May at 1.55. The evenness index reached 0.53, the
highest, in Section E but 0.13, the lowest, in Section A. According to
month-based data, the index rose to 050 in September but fell to 0.26 in
June.

H. autone, distributed in the northern part of the Korean Peninsula and in
Mt. Halla on Jeju Island, is observed once a year, from July to August, at an
altitude of 1500m or above. According to the meteorological data, the
optimum activity temperature of imagines is 15-25C. H. autone overwinters
as 2-3 instar larvae and spawns its eggs at surrounding places such as
stems of Festuca ovina L., 1753., its food plant, or on the bedrock. The
female laid 9.6-18.6 eggs per day with the average size of 1.222 mm wide
and 1.274 mm long. The population of H. autone in Mt. Hallasan is divided
into two groups depending on the altitude: one inhabiting Witsae Oreum and
below and the other, Janggumok and Baengnokdam, the summit of the
mountain. As the distance from Baengnokdam increases, the size of the
population decreases. Given the size of the population by habitat, the
population of Seonjakjiwat Plain, a natural habitat, is expected to remain
relatively stable, while the size of the population of Janggumok, the
vegetation damage/recovery area, is expected to decrease as vegetation is

restored. The number of individuals appeared in the Janggumok area was 700

- xii -



or more and the estimated number of individuals per day was 1,000 in 2013.
The ratio of males was about twice that of females, with the average number
of days of survival being 2.75 for males and 2.80 for females. The average
distance traveled by males was 139 meters while by femles, 115 meters in
2014.

In terms of habitat restoration and conservation measures, it is recognized
that a range of restoration actions are needed in Yeongsil, Witse Oreum, and
Mansae Dongsan. Three monitoring sites were selected for habitat
conservation accordingly and Witse Oreum was designated as the core
conservation area since the size of the population of H. autone is expected to
gradually decrease due to climate change and changes in habitat vegetation.
In addition, as a result of a comprehensive evaluation reflecting the patch
network analysis, Witse Oreum should be preserved intensively as the area
serves as pathways for population in Mt. Hallasan.

A comprehensive evaluation that reflects ecological factors, habitat
environment, and climate showed that conservation of habitat environment is
important as H. autone is directly affected by ecological factors and climate.
Therefore, for conservation and restoration purposes, it 1S necessary to
monitor, plant, and secure space for Festuca ovina L., 1753.

The study result shows that the population of H. autone in Mt. Hallasan
1s expected to gradually decrease due to climate change and environmental
changes of the habitat and be distributed around 1,700 meters above sea

level.
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Chapter I. @24t yu| g WH3 A}

9
AE AL, 19700l ety dos G B ST dA
& 718 A A S Eeta R A S8 A S, 2 EA
Qo7 AFAME(Salix blinii H. Lév.), & 2(Silene fasciculata Nakai),
Fulth = (Euphorbia fauriei H. Lév. & Vaniot), 3+e}&the](Leontopodium
coreanum var. hallaisanense (Hand. - Mazz.) D.H. Lee & B.H. Choi) 52| 54t
A 53 A 2v(Empetrum nigrum var. japonicum K. Koch), Evj3lyF 5 H
st7] FEFo] A4 (Kong, 1998)3tar, b=y, 22U (Callistege mi
Clerk), 2rmu}iA | (Plebejus argus Linnaeus), 7FEAyn], sk} 57 1] &
QB (Scambocarabus kruberi hallasanensis Kwon & Lee) 5 & - A&%E0°] t}
FAl At AA P HlwA Z BAdE o] gl

H 71FRste o3 Zd3 A Ve T T @9 5 AdAAE &
dol wso 2 AHHAEAVE A d Aom AW AEITHELS T
713 BEH 710 A3 FELS OS5 T7HE AoR2 dFHri(Bates et al, 2008;
Fan et al., 2012; Tony, 2008; Korea Meteorological Administration, 2009). *|
=G AdE 27, A, AT, FTF T TS A= A, deA T

Al B2 dFS vAA Ao 53 "okl dFES Fol JHE A7I7E
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we] ol wel Z7FE, F2 52 HolE sty TEEol Y¢S A ¥ oh(Fitter
and Fitter, 2002; Ki and Choi, 2004).F53A1 4] 424 o] (Kong, 1999;
Song et al, 2012), &elF 2 S¢S = 2 A ALY 7|FEA] 1L
A Agom Sty = T Q17ke] A&t ofyel A AJE] Ao = FIF=
] %] 31t} (Fraedrich et al., 2001; Beck et al., 2005, Chen and Chen, 2013;
Mabhistein et al., 2013; Zhang and Yan, 2014a; 2014b; Rohli et al., 2015).

Fepiba 22 Ao Ao s 5A A0 A& sEEol AAstH AXA
the] ®la] sHE o] A7 EX 9 (Lomolino, 2001), dHefityl 72& st x
7b =2 ARG AAsE AEES 2ty JFor AL TRo] s
U olE A AAFES f7]d AE = o o Azg "HEe] A
A th= A7 wrh(Kong, 1999; Diaz and Eischeid, 2007; Lee et al., 2008; Yun
et al., 2010; Kang et al., 2014; Wang et al., 2014).

UHl= A el 2k, Hold, 55, vl & thdd AEA A9
(Ecological Niche)E 7HAHW A4 £33 =& ©33tH(Elton, 1927; Blair,
1999). gk M2 X $H4 W sto] WIZkstA wkEetr] uwitol] AW sE A sk
AFxFEORE olg%7|% 3} (Erhardt, 1985; Fox et al., 2001; Kitching et al.,
2000; Roy et al., 2001; Thomas, 2005), 72 ®Wslo| wje} AATte F+x27F &
A= AEZ dHA Jdth(Warren, 1987).

UH = G FHeE Aol obFdal stEeiA A A AHERE ofy e o
WIS AR B dS wa glon, oy olfE uE ZFd HlE w2
T7F o] Fo] H th(Scoble, 1992). <ol ¢pA ] A2 7F Wo] AEEIL 9O
W, 2 A2 AR B s, AP Wk, A Iy, 7|53t
of o dafx Jow(Warren, 1992), A 7=Fstz 18] Aol 11§ ¥ o
A o

o
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2. A= L

1) AR A&

et 2AA AL g

(1,850 m<= AA

A

b 91,280 m)oll A AlAFsEe] SIA9.5(1,700 m),

HHE71H (1,600 m), MEE(1,950 m)oll o] 2= 3t

A AAsA H(Table 1, Fig 1).

Table 1. Characteristics of butterflies monitoring areas in Mt. Hallasan

Section

Length

(m)

Atitude

(m)

Vegetation type and flora

A

300

1,280~1,334

Most of the forest types is arboretum such as prnus
densiflora, the ground is dominated such as Sasa
quelpaertensis.

800

1,334~1,500

Mostly shrubbery such as Rhododendron yedoense f.
poukhanense and  Elaeagnus  umbellata,  Berberis
amurensis var. quelpaertensis

@)

1,000

1,500~1,655

Mostly shrubbery such as Rhododendron yedoense f.
poukhanense and Rhododendron mucronulatum var.
ciliatum, Ilex crenata, Rhamnus taquetii

980

1,655~1,678

Forest types are subalpine grassland and shrubbery such
as Rhododendron  yedoense f.  poukhanense and
Rhododendron mucronulatum var. ciliatum, Fallopia
japonica, Festuca ovina, Sasa quelpaertensis..

500

1,678~1,700

Forest types are subalpine grassland and shrubbery such
as Rhododendron  yedoense f.  poukhanense and
Rhododendron mucronulatum var. ciliatum, Fallopia
japonica, Festuca ovina, Sasa quelpaertensis, Arundinella
hirta var. ciliata.

1,000

1,700~1,700

Forest types are subalpine grassland and shrubbery such
as  Rhododendron yedoense f. poukhanense and
Rhododendron  mucronulatum  var.  ciliatum,  Sasa
quelpaertensis and Abies korea Colony.

700

1,700~1,600

Forest types are subalpine grassland and shrubbery such
as Rhododendron  yedoense f.  poukhanense and
Rhododendron  mucronulatum  var. ciliatum,  Sasa
quelpaertensis and Abies korea, Taxus cuspidata.

800

1,600~1.950

Craters and rock formations, The summit of Mt.
Hallasan, mostly composed of alpine plants such as
Pedicularis hallaisanensis, Anaphalis sinica var. moril,
FEuphrasia coreana, Silene fasciculata, Empetrum nigrum
var. japonicum and Diapensia lapponica var. obovata

800

1,700~ 1,804

Composed of subalpine grassland, Festuca ovina, Sasa
quelpaertensis, Agrostis flaccida, Fallopia japonica,
(Gentiana chosenica, Empetrum nigrum var. japonicum
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Fig. 1. The studied sites located in Mt. Hallasan (1,280~1,950 m).

2) ZAF 9A
A= 20189 ~ 20208 7bA wid 59 ~ 9¥€ € 13], 24 104 ~ 164

R

A 2ALE AAEA T

3) 24 ¥
ZAPPH S Fe A kol YF AAF shofo] Fold HEAYS o] §3

¢ o™ (Pollard and Yates, 1995), 7] el 7 £& &S €lsle] Sk

=
Ao (30E,/min) 10m % ool 5o+ HF MASFE 7|53 tH(Table 2).

=
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Table 2. Weather in the surveyed area of Mt. Hallasan in 2018-2020

May Jun. Jul. Aug. Sep.
Temp.(2018) 12.87 15.66 19.29 19.45 15.02
Temp.(2019) 11.78 14.33 17.50 18.53 16.11
Temp.(2020) 13.07 16.69 16.87 19.63 14.52
Wind speed(2018) 4.10 3.20 3.80 4.80 3.70
Wind speed(2019) 4.10 3.30 3.60 3.80 4.00
Wind speed(2020) 3.80 3.70 4.00 5.00 3.60
Precipitation(2018) 568.5 562.5 294.5 1550 808.5
Precipitation(2019) 1045.5 503.5 1479 914 1631.5
Precipitation(2020) o81.5 671 980.5 1098 1627.5

Wind speed and Precipitation is AWS data of the Meteorological Administration,
Witseoreum(1,700 m).

4) EAEE AR R ZATT A

B ATe APAT(Kim et al, 2014a)o] Hl&f bt YH A o] A=A =
spet A=A Hlashy] ffste] =AMAl B 2AREE FdEAl AAskan. et
ahel S7he] SHtE Fol M une) Ede] M Be Ao
& AdAsklal, 2ARRRe AL AAMsZE SRl vEbd A Fol A e
AEZF 100m o zFel7b v= el A 97he] eyt dAdasE o

A SR dTEE 1,280 mdlAd ARASE SAleE, A, WMEE(EE

E

§
o
fr
£
o
it}
rlr
of
(0
K
>

1950 m& Wol WuzA s AL Absstn spgamre] me 44 W

H7) Fest, SR Fvd Adett 2R Wns ol ule] Fdel B
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_ T (’I”Lf, —1)
D = Z N(N-1)
(N = 8% AA MAF, ni = iHA S WAF)

(2) %= X (Diversity Index)
Margalef(1958)2] A B o]&o] 93 H%¥ Shannon-Weaver function

H == 2.pi [ Npi

(pi =i WA WAFE F WAT=E Y= 7D

(3) %= A4 (Richness Index)

_13_



S—1

RE= In(N)

(RI: 5% A, S AA T4, N & WA 5)

(4) 5 %= A (Evenness Index)

ek AFEDE 2 Aol AACl e Ao vEAM FdHH, 7}
e Aes 2 W 2E Fo AT L4 w A e A de
= ASE FAW FAY wdd AEE YElE 202 Pielou(1975)9] A&

~ In(S)

H': b= A, St A F5)

& A= A 4*(Proportional similarity Index)
FAIE AFeE G A9 Yo 7 oA E3sts yHle] & A2
SRR fAEE T MAS7 $83% wWaR Zgsi) weba] vlal g

FRAE A

e

bl FdFe] =3 HFFEo= AASF7E wkgd o
(Proportional similarity Index)S ©| &3} t}H(Elzing et al., 2001).

MBS SALE AF=E (% = Z(lower % values for shared species)® Al Ats}

T P AR BAES 9elA] SPSS ver. 18 TR WS o] 83E o] F

2~ E #24](Cluster analysis)S 33}

_14_



3. 24

1) ZAA 99 714

ZARA A 8] 71 AEE 20179 HH 20199704 3d 3T

1,325 m, 1,473 m, 1,655 m¢] 33°] A X9 Data logger(HOBO® Pro v2)¢]

Srebak G T o
=4

& dulel 2dA )¢ wwas] et AWFoR Fake] o] g3tk vl
=37]¢ 5¥oA 999 7] HYE ¢ 10C~20C AR vehta 9o
H7b Az $sele Edelt 59 M Axan FEwRE 50% HelE
A5t Ao w e HFig. 2).
25.00 - 100.00
20.00
F 80.00
15.00
E - 60.00 .
g 1000 £
-7} famy
= 500
- 40.00
0.00
"L 2000
—5.00
2 Teomp (201 7_1352m} i Teenp. (701 714 73m) e Tomp (201 7. 1655m) Sl Temp. (2018 13%5m) =29 Tomp (201 B 14 T3m)
= 1000 e Temp (2015 1605m) o Teenp. (2018_1375m) m Temp (2019 1473m) e Temp. (7019 166am) — Fhiem (7017 _ 135 2m0 = Dm

= == Homi A2015_1357m}
s Hrimi A 2018_147 3m)

wseses Humi (2017_1473m)
—— Temp (2019_1473m}

== = Humi (2017 _1655m)
e Humi (2019135 2m)

Fig. 2. Weather according to the elevation

and humidity).

— - Himmi (2018_147 3m)
— i (2019165 )

o Homi.{2015_1655m)

of the survey area (temperature

2) AA £FT R TE2A

37k ek U] RUE Y ZAR A Beld UH|E 2o =3 E459 )
A4e F 57 33F 99R2/MA YT AA A F dF A AAGFE S
21} 0] 3} (Papilionidae) 4% 27714, 3 1b8] 2H(Pieridae) 2% 36371, §-uu] 1}
(Silphidae) 4% 70704, vl¥un] 2 (Nymphalidae) 18% 8482714, Zavin]
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(Hesperiidae) 5% 1,04570 A A t}.

20181 FAbe] A uldhbarh Jhd W 17 3716701 A(82.38%) 9] =4
o] Felxglon Fbulz 2F 50070 #(13.08%), Bvu| st 2F 17170
(3.79%), FAun a2 55 29704)(0.64%), T v 2= 2% 5712(0.11%) =22
ZAFE AT

20199 ZARe] A9 vy I 7HE B 156F 284871 A1(86.09%) 8 =7
o] Felu i, Faupn i} 4% 33870 A(10.22%), il 7k 25 9470 A (2.84%),
v 4% 1478A1(042%), SublsE 3% 1470 A1(042%) o2 ZALE
Act.

2020 Z=AFel A dlduu Arb b @ 14F 191971 A(88.31%) ] =4
o] #mAE o Dgpulzt 3F 117HAG38%), Avku|HrE 2F 10270 A
(4.69%), FAunzt 35 27/0A(1.24%), a2 4% 871A1(0.37%) o=
ZAE] A (Table 3).

Table 3. The number of butterfly species and individuals during the study

period
2018 2019 2020 Total
Family
S I S I S I S I
Papilionidae 2 5 3 14 4 8 4 27
Pieridae 2 172 2 9 2 102 2 368
Silphidae 2 29 4 14 3 27 4 70
Nymphalidae 14 3,715 15 2,348 14 1,919 18 3422
Hesperiidae 4 590 4 338 3 117 5 1,045
Total 24 4511 28 3,308 26 2,173 33 9,992

S, Species; I, Individuals

3 d=d 4
37 ekt ARG Ed g vhle F3 AAe= F 53 33T 999270

Rus
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Az 20189 FAM A= 24F 451170A1(45.11%)7F 1=l 20199 285
3,30870 21 (33.10%), 20201 doll+= 26% 2,1737021(21.74%) 2 A=A A4 2A}
N F M Be 2ES Bl T2 2IWEUnE AA A oF 187%
AEE AA AR, 1 TS ZFEA U (17.7%), AFEEUN(147%) o2 *
AbElRom 1070 Pivte R A2 FAS H F& FEEFIFYN B

<ol HERHH(Fig. 3).

2¢ =
9 o No. of species —No. of individuals 5000
- 4500
28
- 4000
, 27 3500 2
_ﬁ 3000 2
¢ 26 :
(=N =
z - 2500
%% a1
o L O
2 2000 2
24 - 1500
- 1000
23
500

2018 2019 2020

Fig. 3. Yearly changes in the number of species and individuals of butterfly

confirmed in Mt. Hallasan.

4) 99 B4

A 2/ & 4 29 B

(B
N

Aol 7Hg B 24F 407670A7F =4
stlow shgA | e} AbEsu b 935k Ao R UErETh 9 24 A
g A Ay dAwrdo g 59RE T AAFIE Fhsh7] AlFeke] 8€d
AAe =gsta Hak fraste FAR UERT 89 ¥ 27F 32927MA =
B Fds B, 2AWEU e Hasynyl 8 53 Fo2 UEW

64dol= & 19% 165970 A7F @t on] =AU o A= 7 B
< E8E& Bk 9¥ell= MAFTE AR FolEo] 12F 633MA7F EdEA LS



W, 2R FUr et Hasunz =2 E i 59ds 7 A2 10F 322
MAZE &g =d AN =N (Oeneis urda)@t =A A JUH] 7 2ALE Q)
o} 2018dell= F 25% 4511/0A1 9 8-S Felatlon 792 8o 375871 A
7V Edste] dAle] oF 83%7F o] Al7lel HFHAIL, 2019 = 29F 3,30871
A7y Z2ALE o 7T~89d 232970 A(70.4%)7F EdsESaL, 20209+ 26%
217370A 78 =dskl e, 2018 Blsf A= ARt A= e, 3dE
b AR A3t & Tk B 7Y wekth(Table 4, Fig. 4).

25 = 2018 Species 52019 Species £m8 2020 Species r 2500
= = 2018 Individuals — 2019 Individuals — 2020 Individuals

- 2000

- 1500

- 1000

No. of species
No. of individuals

- 500

- 0

May June July Aug. Sep.

Fig. 4. Monthly variation of the species and individuals during the survey in
Mt. Hallasan.
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Table 4. Monthly changes during study period in Mt. Hallasan from 2018 to

2020
Species name / Korean name May  Jun Ju Aug Sep Total %
Papilionidae & #uhn] 3}
Papilio machaon & %) 2 9 11 0.11
Papilio xuthus 3.%149) 1 1 2 4 0.04
Papilio bianor A|¥] 4] 1 1 5 3 10 0.10
Papilio maackii | 8] 4] 1 2 0.02
Pieridae #v}u]
Colias erate %) 3 23 6 1 33 0.33
Pieris napi & 341] 21 46 166 101 1 335 3.35
Lycaenidae ¥ A1}u]3}
Celastrina argiolus F2%-71}14] 14 2 3 1 20 0.20
Plebejus argus %t vkE-7Z 1] 23 18 2 43 0.43
Japonica lutea 232 5| 1 1 0.01
Chilades pandava 2~ 7257 1}H] 2 3 1 6 0.06
Nymphalidae ¥]2uv] 3}
Coenonympha hero =417 1HH] 100 1,204 164 1,468 14.69
Hipparchia autonoe & 51H) 33 1,055 228 1,316 13.17
Minois dryas =%41] 1 1 0.01
Ypthima multistriata &7 Y| 1 1 0.01
Oeneis urda 373 2FWie ] 183 167 350 3.50
Aphantopus hyperantus 7} A U] 1,479 265 27 1,771 17.72
Melanargia epimede Z=3WiF 1] 6 235 1,585 45 1,871 18.72
Lopinga achine %1% H] 26 9% 8 129 1.29
Lethe diana % 715 Y] 3 100 191 308 107 709 7.10
Parantica sita %) 2 5 7 14 0.01
Polygonia c-aureum ¥ uH] 1 1 0.01
Kaniska canace 730 414111] 1 3 2 6 0.06
Vanessa indica 2% 7 ©] 4] 4 12 39 38 34 127 1.27
Vanessa cardui 2}-2% 7 o] 11| 4 5 32 55 96 0.96
Argynnis niobe 27 % H U] 6 134 275 65 480 4.80
Argynnis paphia &% % 9] 71 59 130 1.30
Argynnis laodice 32 % ¥ U] 1 8 9 0.09
Argynnis hyperbius &rE7 L% UH] 1 2 3 0.03
Hesperiidae 2 #1}u] 3}

Hesperia florinda %2 %11) 174 79 28 281 2.81
Potanthus flavus 325 1h] 1 3 4 0.04
Ochlodes subhyalina <+ 7w S &2 1] 21 21 0.21
Choaspes benjaminii 3222 23 1}n] 1 1 0.01
Parnara guttata =742 %] 224 248 266 738 7.39

Number of individuals 332 1,659 4,076 3,292 633 9,992 100

Number of species 10 19 24 27 12 33
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r {
ftlo

I FAS AAS A s e A 393t F 4% 2TMAIY] &
olatgl e 20190 3% 1470 41(51.85%), 2020 4% 87141(41.17%), 2018
of 7F4 A& 2% 5/A1851%)e o2 AEAT APAT(Kim et al,
2014a)¢] A-¢ 2013 FAbelA 2% 31AI7F AR ] B Ao geE A
Ao F AR B 9L B HFig. 5).

SAun = AA 2F 36870 A 7F ARE Lo 2018 kol 7MY W 2F 171
70 A (46.46%), 202010 2F 10271 21(27.70%), 2019\ 2% 9470 A|(2554%) ==
ZAFE o™ Kim et al.(2014a)°l A 2% 847041 7F 2= o] 201933 20201 2
Ao} vl S2d s R oy 20184 = F A= 2ot wWrh(Fig. 5).

BAuyn s A4 2AZIZA 4% 700A19 S F98%a, 2018
o 7 B-e 2% 2970A01(41.42%), 202039l 3% 2770A(3857%), 20199+ 713
Ao 4% 1470A(20%)7F =@kt Kim et al.(2014a)¢] 2013 FAbel = 5%
174AE &Aste] v et A2 24 A TH(Fig. 5).

dlthue) ko] A9 AA 18F 848270 A17F FAw A 2018 M w2 17
Z 3716707 (31.88%), 2019\ 15% 28487)A(24.43%)7} ZA a4 on, 2020 o
7HE AL 14F 191971 41(16.46%) 7F B0 =] 9 th(Fig. 5). Kim et al.(2014a)¢] &
AN A= 175 317670417 1o 2018 d =9 Bl 23k T ARAES H

o},
@

32

Fupn) kel A9 AL 7|17kl F 5% 104570 A 7F BelE o 2018 7}
ZF we 2% 59070 A1(53.06%), 20199 4% 33870 A1 (30.4%), 20200 3% 11770 A)
(10.5226)7F A=Al o8] ZALE A o™ AP A (Kim et al, 2014a)l A= 2
T 67TMA7E Edste] 20189 FARETE oF 10vW] AL FdS HAHFig. 5).

_20_



No. of species

—

s o -

No. of species

Fig

Papilionidae

2018

2019

Silphidae

2020

No. of indivi

— — 2 e = o
= = S @ = &
No.of individuals

@

2018

2019

Hesperiidae

2020

2018

=No.of Species  —No.of individuals

2019

2020

No. of species

3500

No.of species
= = ox o
a 83 g & §
8 8 8 8 8

=3

Pieridae

2018

2018

2019

Nymphalidae

2020

2019

2020

=]
]
No.of individuals

. 5. Changes in number of species and individuals by family according to

the year.
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AP FzbE FlE T WA= A7 HLength: 758 m, Atitude: 1,280~
1,334 m)< 34

ZUFOA 123 AL 7bA] ez F 5F 22270 A7 &Rl H
dom $HEE Hasun|(Lethe diana)® YFEFSETE AAS A go] FE

o
u

o] F31 334

0

2 AFxAg7F - soh B4 Length: 742 m, Atitude: 1,334
~1,500 m) 12+ Aol A 22 ARG 7AAR T 19F 4667027 S @kl e
W 9dEo 3N (Melanargia epimede), ©F$AEL  EA A1)
(Coenonympha hero)= 1%ttt C+ZHLength: 1,010 m, Atitude: 1,500~
1,655 m) 22 Aol A AAA st 2P F7AA R F 23F 82670417 A A
o ZIAWMFUH L FIUHZE 4ok Hed k. D {HLength: 970 m,
Atitude: 1,655~1,678 m)& A&A|StollA SIAEo®E 7l SR 28F
136670 A7 FAE AT o] A9 ZIWMEUEZE Alska, =AU L]
(Coenonympha hero)7t ©}$-73tdtt. E4-7F(Length: 400 m, Atitude: 1,678~
1,700 m)2 SIMQ.FolA FFEHOE 7= 3o RE 21F 72070 A17F 1=
o ZIMEUE e EAFHUYRZE B Edo2 Bl F3HLength: 1,000
m, Atitude: 1,700~1,700 m) 75 ZYoA] Wole 7= 19% 57671 A 7}
g om AWMU L HasyH7E o 8T FAJHAY. GFRE
(Length: 690 m, Atitude: 1,700~1,600 m)< Wol oA EHZAL7IAZ 15
& 4607HAI7F Sl o wHasunzt 3, Z2W=uErE ob-Al skt
H(Length: 810 m, Atitude: 1,600~1,950 m)7-7+& WH EA| oA W2 3}
H oG SHIREE AX AGORE oo FoR 23F 32600/MAZE HAA A
T 18348%= =deo SdHAew, TretxuH|et Ab=E Ul (Hipparchia
autonoe)’t WL EdS HATh 7E3 8¢l #2 F9 AbEEuvel sy
Hlo] &S Folst 4= gt} I(Length: 747 m, Atitude: 1,700~1,804 m) 7+

B e R AAFAIAR Qe dRkdle] &5 A FHe= 1980 +
o] &, HHI} HA7F ol F
A Stolth, B AT e 24F 2807 A 0] EdS RAom b= uniet vt

01
e X Y| (Aphantopus hyperantus)’t &< =32 H A tHTable 5).
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Table 5. The appearance of butterflies according to habitat characteristics

Sasa Herbaceous Light Hiker’s No. of No. of
Section Vegetation Area(m’)
quelpaertensis plants conditions move species  indiviuals
A Arboretum 7,580 Tt + + o+t 5 222
B Shrub 7,420 4+ +++ +++ ++++ 19 466
C Shrub, arboretum 10,100 +++ +++ ettt +H++ 23 826
Subalpine grassland,
D 9,700 +++++ +++++ +++++ ++++ 28 1,366
shrub
Subalpine grassland,
E 4,000 +++ +++++ +++++ +++++ 21 720
shrub, arboretum
Subalpine grassland,
F 10,000 ++++ ++ +++++ +++ 19 576
shrub, arboretum
G Shrub, arboretum 6,900 Tt ++ +++ +++ 15 460
H Crater wall, shrub 8,100 + ottt o+t + 23 3,269
I Subalpine grassland 7,470 Tttt +++ e+t + 24 2,087
+++++ very high; ++++ high; +++, ordinary; ++, low; +, very low; -, none
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Table 6. The number of butterfly individuals observed in each site, 2018 to
2020

Section

Species name / Korean name Total
A B C D E F G H I

Papilionidae & #1}u] 3

Papilio machaon % 7| 1 1 1 1 6 1 11
Papilio xuthus &%) 1 1 2 4
Papilio bianor A% 1}H] 2 2 2 1 3 10
Papilio maackii | 8] L}4] 1 1 2
Pieridae #yH] 3
Colias erate =714 1 4 2 6 4 2 3 6 5 33
Pieris napi & 31441] 9 29 156 39 28 19 10 26 19 335
Lycaenidae A 4-y] 3}
Celastrina argiolus “F&%-71}1H] 14 2 4 20
Plebejus argus AFAAHE- AU 10 31 1 42
Japonica Iutea 2257 v1| 1
Chilades pandava Z~d712] 574 1H] 4 1 1 6
Nymphalidae u]21}bu] 3}
Coenonympha hero =A% U ] 103 108 299 117 107 51 330 353 1,468
Hipparchia autonoe & 51| 1 2 27 32 20 10 660 564 1,316
Minois dryas =% L}H] 1 1
Ypthima multistriata &7 ) 1 1
Oeneis urda 373 2 E1HH] 3 9 1 6 177 154 350
Aphantopus hyperantus 7} A UH] 5 118 91 58 73 32 96 438 1,771
Melanargia epimede Z3%W 14| 124 204 483 211 161 113 322 253 1,871
Lopinga achine %15 H] 1 14 3 24 13 4 32 20 18 129
Lethe diana 715 H) 208 63 56 29 57 69 129 76 22 709
Parantica sita $4¥) 1 4 1 6 2 14
Polygonia c-aureum Y)3uH] 1 1
Kaniska canace 3t %174 11] 2 1 2 1 6
Vanessa indica 2% 7 ©] 4] 7 19 30 14 6 7 19 25 127
Vanessa cardui &% A o] 1] 3 16 12 13 3 7 12 16 9 96
Argynnis niobe 27 ¥R ] 19 43 143 43 23 10 82 117 480
Argynnis paphia &% %% 0] 3 14 31 15 3 3 31 30 130
Argynnis laodice 3% % U] 1 2 3 9
Argynnis hyperbius $HE7-S E W) 2 1 3
Hesperiidae Z#1}4] =
Hesperia forinda 22 344] 12 27 54 29 32 25 73 29 281
Potanthus flavus 3% =3 7] 1 1 1 1 4
Ochlodes subhyalina )73 52 Zejn) 4 3 3 10 1 21
Choaspes benjaminii 222 23] 1 1
Parnara guttata =723 42 41 67 47 36 22 447 36 738
Number of individuals 222 466 86 1366 719 576 460 3200 2087 991
Number of species 5 19 23 28 21 19 15 23 24 33
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A= By 2018ddd = Hy kel 7Hd B 16%F 1,73670A7F 2= AL, I+
7kol 16€ 1.04670 A, DF-7to] 19%F 4157 A= Wokrh whH AF-7H2 3% 8370 A
2 7MY 4L EdE Bk 201999 = HFFo] 7 w2 205 90370 A 7F
ZhE 131, DRke] 24F 67370 A, I9-3to] 22 437N A= ®okth. 2018 ¥ Hl
48 dFHe sk ey AMASFIE 12 A% 548 7
27F YERS T 9bE AR 3% TTNAIR HY AL EdS HATh 202019
v HF7be] 7H8 B2 19€ 63070 A 7F &z Slar, [9-7ke] 158 55870 A, D-1F
o] 203 278/MA= Eokoh Wb A7 15 2MA2 M He &

H(Fig. 7). 2018 F-H 20203714 A=W ¥uE sRd F3} MAF7F A4
o Fraste sow yEwT

N
=

30 == No. of species (Total) m= No. of gpecies(2018) mmn No. of species (2019) e No. of species (2020) r 3500
++++ No. of individualz (Total) = No. of individuals(2018) —No. of individuals (2019) = + +No. o( M\MuaJ..{ZO‘_’O]
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- 2500
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Fig. 6. Distribution of butterflies by survey section in Mt. Hallasan from 2018
to 2020.
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A, Yeongsil 1(1,280 m~ 1334 m)

C, Yeongsil 3(1,500 m~1,655 m)

E, Witsae Oreum(1,678 m~1,700 m)

G, Banga Oreum 2(1,700 m~1,600 m)

I, Janggumok(1,700 m~1,804 m) H, Baegnokdam(1,600 m~1,950 m)

Fig. 7. Panoramic view of the research site for butterfly community research
on Mt. Hallasan from 2018 to 2020.
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Z3vile] A9 APAF(Kim et al, 2014a)ol A= BF-rellAl @ s 7t

APAT(Kim et al, 2014a)9t W3S v 1377427}
Aol 5 Kol 5ol A & AT FTtske

(@)
=
AoR veor WEds FHOR WY, TR AUAH ge wAel RE

3t Aoz yehwtl we AT 53 201999 F G- AR s 2o w
S E£3S Hom 69 68370 7F = Aow FALEITH

AEEuEle] 4 AfAT(Kim et al, 2014a)oll A= 69270 A7 & @8l
2020 ZAFe A BT} oF 2w o] AolE How dEwlE RBAsRY 20184
of 7hd e 809701, 20191 2537H A, 2020 25470 A2 AR AL H o)A
B AR A AL
e ubel o] 49 AT (Kim et al, 2014a)ol A= 15070212 <k 2n)

e AANTES FHFE AR Uuhgor FTEALS NS FHoE

=l
fass

593 690 FASE Ao EAEYO 2t AR Fhde BT

ZhebAuta) o] A ghepak o aak Aol A BWE #EE Hols Fom E
AToll A= 7ol B2 JNAIZE FAHAE AAAF(Kim et al, 2014a)el A=
8574 A 2] Edo] FElon 79y 8o FFdY SEHT 7o ¢ B
23(92%)S 29 1 A2 20184 1,153701 0, 20199 381704, 2020
d 237027 glElen, g ol vs] 20180 B EdS Huh

e ue o] 49 9 e 1400 mol A RE el 1,950 me] WMEG7EX

RESE oz wAEgon SAn Fue) AP B AA} mol
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e Gl A==+ 2018 90370 A, 2019 71870 A, 20201 2507 A 7}
ghlE e, 2AE APFdss RAFrE Faskes AFS B AFAT

(Kim et al, 2014a)el A= 4407041 7F A A= & Aol = JHAF7F A

HIasuH e F9 FRAH 2 XEue olFal a3 kel el A

At AYPAF(Kim et al, 2014a)9} MW S wf oF 2
T zZtelE vEhlen, Wole F~dHETIAl it B2 JHATE M A=
= W AP A= g s 1,400 moolsk T3E, WeleE
TR s PR B2

=5L° o

== E-}\/\

SAEEYUE o A9 ARt AR 79 ~ 8¢ B S KO
2

[

Aoz ZAEAT APAFH(Kim et al, 2014a)9f vl gdS o <F
kol & YEtW e, A st sIAeE kel B2 JiAITE AAskeE A
ZARE QLo o' FAFA = FA s 1,400 m R, AAA S AT
@ el e B JRAIZE M Aste Ao R UEETH
R FUr e A AgAFolAes o 270A T G =
2018 el = BA7TNA 7 FRlIE A ew, 7~99 Afolo] W=}
A7F A 201990 = 6L AAA| sty W= A 14770 A
o g Hou 2020 FAA = A7 FAGA FolEo] 447 AN E]lE
A TH Table 7).
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Table 7. Spatial and temporal distribution characteristics of major species according to the survey year

Previous research

2018 2019 2020
Species (2013)
Main Main appearance Main Main appearance Main Main appearance Main Main appearance

habitat” period habitat period habitat period habitat period
Pieris napi B 7-8 C 7-8 C 6-7 C 6-7
Coenonympha hero D 5-6 D 6 D 6-7 C 6
Hipparchia autonoe H-1 7-8 H-1 7 H-I 7-8 H-1 7
Oeneis urda H-1 5 I 5 H 6 H-1 6
Aphantopus hyperantus  H-1 7 H-1 7-8 H-1 7-8 H-1 7

} . D-E

Melanargia epimede  B-H 7-8 Hol 7-8 C,DH 8 C-1 8
Lethe diana F-G 8 AG 7-8 A GH 6-9 AG 8
Argynnis niobe D-E 7-8 D 8-9 DH 7-8 DI 7-8
Parnara guttata E 8 H 7-9 DH 7-8 B-1 8-9

#* A Yeongsill(1,280 m ~ 1,334 m); B, Yeongsil2(1,334 m ~ 1,500 m); C, Yeongsil3(1,500 m ~ 1,655 m); D, Seonjakjiwat(1,655 m ~ 1,678 m); E, Witsae
Oreum(1,678 m ~ 1,700 m); F, Banga Oreuml(1,700 m ~ 1,700 m); G, Banga Oreum2(1,700 m ~ 1,600 m); H, Baegnokdam(1,600 m ~ 1,950 m); I,
Janggumok(1,700 m ~ 1,804 m)

_29_



8) THEA

(1) 3= A4 ( Dominance Index)

Adukz el AT A Fo WHE 0258 How mj§ d5d HEHE B 5
Fqom 025 ~ 050 B #S Hold 4%, 050 ~ 070 HeE vHa 4=F,
70 ~ 090 HLle @2 =% 090 ~ 1.00 HHe @2 g EFsivhan A

ZAF 71 2 AR A AA ST A AT A 0592 7 E=90e

HE = 6¥€0] 0472 7HE =%ow 74

¥
k
e,

AEWRE vro] BHW 2018 ZAMAME AFZRAA 0402 E9kom, B3t
oA 01602 ety YWz = 59o] 12 =horn 8Yo] 0252 VA B4 9
th 20199 ZAbAE ATFZFOlA 0772 =ow, HPEZlA 013082 wreka,
A ®= 6do] 0680 Egkor 7do] 0142 YAl yEbsth 20200 FARol A
T ATEA 12 E=gkon, EFtolA 00922 Shokal, dR¥lEE 5¥9o] 0440
2 Egow 9¥€o] 0.18% A YERwth AW AT (Kim et al, 2014a)9t ]3|
B 20139 ZAMAE AFZMA 0682 Egom, EFrelA 01302 wrek
a1, 9 EE 590 05702 Egon 8¥o] 0212 & Ao yehyth(Fig.
8). ¥ FAA] 3 Hit FHLE AFE HH Aol 059%2 7HE ol A
ToF Hl=gt A3E FA oY HF ko] 0.042 71 BrA £A4 5] AdPAT
o} FolE YERHLh ol AadTe] EFztel vl 2 o] HY ko]l st &

e

o @] wol Aoz $HEs}
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Dominance index ——2018 —e— 2019 ---e-- 2020

Habitats Type

Fig. 8 Dominance index” at different habitat and monthly, from 2018 to 2020.

* Dominance index, Simpson, 1949

#% A Yeongsill(1,280 m ~ 1,334 m); B, Yeongsil2(1,334 m ~ 1,500 m); C, Yeongsil3(1,500 m ~
1,655 m); D, Seonjakjiwat(1,655 m ~ 1,678 m); E, Witsae Oreum(1,678 m ~ 1,700 m); F, Banga
Oreuml1(1,700 m ~ 1,700 m); G, Banga Oreum2(1,700 m ~ 1,600 m); H, Baegnokdam(1,600 m ~
1,950 m); I, Janggumok(1,700 m ~ 1,804 m)

(2) %% A4 (Diversity Index)

ARl A=) M7 YEl= on= 40080 2 vl 3R e ol
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Ho
§E}L
rlo
v
DX
o
for

g = 9o o] FrkA Fomutk o] Fojd we] ke (o|th

ZAIE F ZARTE A G AgE ETA 2348 7P meko,
ATl A 03022 71 siodth €2 790l 19702 Eokon 5¢0] 0.64
2 9 Yl 20189 A= BEgrel A 2052 Egkom] AThol] A
02202 yokt}h ¥z 8Yo] 1.83% =ton 59¥o] o= v A x At
20199 ZAMA M= EFgtol A 2142 =gtow, Aol A 04302 gokth 4
W2 790 2228 Egkon 6¥€0] 0802 SHAl vERwth 2020 EAFOl A=
ET2ol A 2472 =gow, A7 E dasyy] 159 £33l 022 @
ki, YRR 7ol 1912 =¢kow 5490o] 11002 A #AHQT A
T(Kim et al., 2014a)¢} vlaal] £ w) 20139 FAbell A= EF-3bel A 2228 =9
om AR A 06902 viokth d e 8¥o] 18602 =¢%on 590] 0.64
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= S yeEbs i (Fig. 9).

Diversity index —=—2018 —e— 2019 ---e-- 2020

2.5 -

15

Fig. 9. Diversity index” at different habitat and monthly, from 2018 to 2020.

x Diversity index, Pielou, 1975

#* A Yeongsill(1,280 m ~ 1,334 m); B, Yeongsil2(1,334 m ~ 1,500 m); C, Yeongsil3(1,500 m ~
1,655 m); D, Seonjakjiwat(1,655 m ~ 1,678 m); E, Witsae Oreum(1,678 m ~ 1,700 m); F, Banga
Oreuml (1,700 m ~ 1,700 m); G, Banga Oreum2(1,700 m ~ 1,600 m); H, Baegnokdam(1,600 m ~
1,950 m); I, Janggumok(1,700 m ~ 1,804 m)

(3) ¥8 %= A4 (Richness Index)

ZAPZIZE B AR AA SRR AgE D7gelA 374 7R =k,
AT 0742 71 wokd 9 R s 890] 32182 Egtom 59o] 1552 b
A dEbTh 20181 ZAFI A = Dol Al 2992 =okom, A7l A 0452
2 ok g9 E s 890] 2462 wokow 59 Hasuy] 15 £33 02
2 oukokth 20199 FAFOIAE CHzrell Al 3128 Ekow, AFlAl 0460 =
wokth, 92 E 8¢9l 2950 E:gtor 590 1.062 wokth 20200 FAlol
A= Do ET Aol A 3.38% Eotown, AgitelA Hasun] 1E5RE &lEo 0
o7 BEAEQrh 9l R 890] 25407 Egton 9¥o] 1128 WA BAH
ot A AT (Kim et al, 2014a)e} Hlws] & wf 2013 Aol A& EF-7HAlA
2647 =skom A-grolA 1020 wieka, 2= 8do] 29307 EoH
5€90] 0372 WA e THFig. 10).
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Richness index ——2018 —« 2019 - 2020

A** B C D E F G H I May Jun. Jul. Aug. Sep.

Habitats Type Months

Fig. 10. Richness index” at different habitat and monthly, from 2018 to 2020.

* Richness index, Margalef, 1958

#* A Yeongsill(1,280 m ~ 1,334 m); B, Yeongsil2(1,334 m ~ 1,500 m); C, Yeongsil3(1,500 m ~
1,655 m); D, Seonjakjiwat(1,655 m ~ 1,678 m); E, Witsae Oreum(1,678 m ~ 1,700 m); F, Banga
Oreuml(1,700 m ~ 1,700 m); G, Banga Oreum2(1,700 m ~ 1,600 m); H, Baegnokdam(1,600 m ~
1,950 m); I, Janggumok(1,700 m ~ 1,804 m)

(4) #5% A5 (Evenness Index)

ZAPZIZE 9 AR AA de R AgE Gl A 054 7HE =k, A
T A 01382 7Y ekt 92 9¥€o] 05002 =korn 6¥€0] 0.26%
A vEbgt 9 Es 990] 04802 Eokow 690 0352 WA uERy
20184 A A= BFZol A 0572 =gkom, Agho|A 03082 vtar ¢
2= 990l 0462 Ekow 59o] HIsuH] 1ERE ERlEo] 0o g A A
HAh 20199 FAF A= GRRElA 0562 =kal, ATl A 0272 weke
H, A EE 790] 0518 =mokon 690 02322 WA UEEH. 20201 AL
ANM = Frztelld 061= =kal, A3tolA 0o weton, ed=ms= 9o
0628 =k 5¥eo] 032°0.% YA yebwtk(Fig. 11). APAF(Kim et al,
2014a)et Hlas] & of 20131 ZAFAA = EFZEl A 0572 =9kon, ARzt
Al 03082 WA EAE AT

i
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Eveness index ——2018 =—e= 2019 - 2020
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Habitats Type Months

Fig. 11. Evenness index” at different habitat and monthly, from 2018 to 2020.

* Evenness index, Pielou, 1975

#* A Yeongsill(1,280 m ~ 1,334 m); B, Yeongsil2(1,334 m ~ 1,500 m); C, Yeongsil3(1,500 m ~
1,655 m); D, Seonjakjiwat(1,655 m ~ 1,678 m); E, Witsae Oreum(1,678 m ~ 1,700 m); F, Banga
Oreuml(1,700 m ~ 1,700 m); G, Banga Oreum2(1,700 m ~ 1,600 m); H, Baegnokdam(1,600 m ~
1,950 m); I, Janggumok(1,700 m ~ 1,804 m)

A 4=(Evenness Index)

E-F, D-E, F-I7%t¢] 0.8 o] =2 E(SIALE)-F(F
ol F) Tirel 0876o® M =mstew, DAAASH-ESIALE) 1ke]
0.824, FO§o}Q B)-1(15) 3ol 08232 EA = FAIZZF =tk FAME
A7F 0.7°1% 087wkl +7+2 B-D, B-E, B-F, B-G, C-E, C-F, D-F, E-G,
E-I, F-G, F-1, H-1 3t =2 453t}

E-F73e AFxstet 73ur2 o] Foxl Aol 71 FAstA o
Bt 1 vES D-E77FS WA EA A xAA A} S E FHel F
Agk awolm H=g AAFY At FdFo] FAFSHAl YERE T B9 H-T
TZhe AAAT(Kim et al, 2014a)ell A A= 0.745% 7FE = 9kA
TolA = FAFEZE 0.767= =A &2 5 A th(Table 8).
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Table 8. Proportional similarity Index® of each site from 2018 to 2020 in MLt.

Hallasan

B C D E F G H I

A™ 0189 0122 0059 0129 0165 0316  0.036  0.024

B 0620  0.707 0760  0.788  0.747  0.458  0.433
C 0692 07772 0774 0663 0555 0551
D 0824 0788 0648 0445  0.513
E 0876 0729 0502  0.791
F 0751 0586  0.823
G 0.441  0.430
H 0.767

* Proportional similarity Index, Elzing et al., 2001

% A Yeongsill(1,280 m ~ 1,334 m); B, Yeongsil2(1,334 m ~ 1,500 m); C, Yeongsil3(1,500 m ~
1,655 m); D, Seonjakjiwat(1,655 m ~ 1,678 m); E, Witsae Oreum(1,678 m ~ 1,700 m); F, Banga
Oreuml1 (1,700 m ~ 1,700 m); G, Banga Oreum2(1,700 m ~ 1,600 m); H, Baegnokdam(1,600 m ~
1,950 m); I, Janggumok(1,700 m ~ 1,804 m)
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Fig. 12. Similarity dendrogram using cluster analysis each site from 2018 to
2020 in Mt. Hallasan.

* A, Yeongsill(1,280 m ~ 1,334 m); B, Yeongsil2(1,334 m ~ 1,500 m); C, Yeongsil3(1,500 m ~

1,655 m); D, Seonjakjiwat(1,655 m ~ 1,678 m); E, Witsae Oreum(1,678 m ~ 1,700 m); F, Banga

Oreuml(1,700 m ~ 1,700 m); G, Banga Oreum2(1,700 m ~ 1,600 m); H, Baegnokdam(1,600 m ~

1,950 m); I, Janggumok(1,700 m ~ 1,804 m)
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Table 9. The range of possible habitat of Mt. Halla butterflies through
comparison with previous research
Species name / Korean name JESRI Kim m@oﬁ%)al' 5%18\17(8337 Sﬁ?\ﬁy S%lg?fg\l
(1988) (m)  (2000) (m) (m) (m) (m) (m)
Papilionidae % %443}
Papilio machaon %+ 3] 0-1,950 0-1,950 1,280-1,950 1,334-1,950 1,500-1,930 1,600-1,950
Papilio xuthus & % 1H] 1,600-1,950 1,500-1,650
Papilio bianor AW 4] 0-600 0-800 1,334-1,700 1,655-1,678 1,334-1,804 1,334-1,950
Papilio maackii ¥A] ] 1] 1,665-1,700
Pieridae #u¥]
Colias erate 2] 0-1,100 0-1800 165190 166184  165-190  165-1950
Pieris napi &3] 0-1,950 0-1950  1280-1900  1334-1050  1280-1900  1334-1950
Lycaenidae ¥ AU 3
Celastrina argiolus &% 1}11] 1,500-1,678
Plebejus argus A+ vkE-7 4] 1,000-1,930 1,400-1,950 1,334-1,800 1,665-1,700 1,665-1,804 1,500-1,678
Favonius taxila 2t 57 vp) 900-1,400 1,000-1,800  1,280-1,334
Japonica lutea &35 A1}10] 1,600-1,950
Chilades pandava 7~ %12] 52 v}] 1,550-1,678 1,665-1,678 1,334-1,500 1,500-1,655
Nymphalidae ¥]'2&4#] 3}
Coenonympha hero A 4 U] 1,000-1,400 1,000-1,800 1,334-1,800 1,334-1,950 1,334-1,950 1,334-1,950
Hipparchia autonoe 7+ %1n] 1,650-1,950 1,350-1,950 1,500-1,950 1,334-1,930 1,665-1,950 1,665-1,950
Minois dryas =%1n] 0-1,600 0-1,800 1700-1,900 1500-1,655
Ypthima multistriata =7 1}) 1665-1,678
Oeneis urda 373211 1,100-1,800 1,500-1,800 1,678-1,950 1,700-1,950 1,700-1,950 1,700-1,950
Aphantopus hyperantus 7} 1} 4] 1,400-1,950  1200-1,950  1,334-1,950  1500-1,950  1,334-1950  1,334-1950
Melanargia epimede Z=31WF1H] 900-1,950 1,000-1,950  1334-1950  1,334-1,9%0  1,334-1950  1,334-1,950
Lopinga achine %215 4| 1,400-1,950 1,300-1800 1,300-1800 1,280-1800 1,300-1,950 1,655-1,950
Lethe diana ™ 251 600-1,600  0-1,800  1280-1800  1280-1950  1280-1950  1280-1,950
Parantica sita <] 0-1,950 0-1,950 1,280-1,950 1,678-1,950 1,655-1,950
Polygonia c-aureum V|¥n] 0-700 0-800 1,500-1,655 1,655-1,678
Kaniska canace 3210 0-1,300 0-1800  13%-1800  1678-1700  1500-1678  1,700-1804
Vanessa indica 2% A o] L] 0-1,950 0-1,950 1280-1,800  1334-1950  1,34-1950  1,334-1,950
Vanessa cardui 2297 o] }u] 0-1,950 200-1,950 1,334-1,700 1,280-1,950 1,334-1,950 1,334-1,950
Argynnis niobe &7 3 ¥ U] 0-1,950 600-1,950 1,334-1,900 1,334-1,804 1,334-1,950 1,334-1,950
Argynnis paphia &% 3% 4] 0-1,950 0-1,950 1,500-1,700 1,334-1,930 1,500-1,950 1,500-1,950
Argynnis laodice 3% %W 14] 0-1,950 0-1,950 1,500-1,700
Argynnis hyperbius EASEE ] 0-1,950 0-1950  1678-1900 1500-1678  1500-1678
Hesperiidae ¥ % 1}4] 3}
Hesperia florinda %% %] 600-1,950 1,800-1,950 1,655-1,800 1,500-1,950 1,334-1,950 1,655-1,950
Potanthus flavus 32 gn) 1700-1,900 1,600-1,950
Ochlodes sublyalina 273w 54 Z3 ) 1,678-1,700 1,678-1,950 1,678-1,950
Choaspes benjaminii 222 2| 1,678-1,700
Parnara guttata <732 0-1,500 0-600 1,678-1,700 1,334-1,950 1,334-1,950 1,334-1,950

The altitude range of this study is 1,280 m ~1,950 m
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A=F ddds Frhstr] Aaide F, AAA FEollA e RUyEgo] I
ol (Balmford et al., 2005; Dobson, 2005) WH]l:= #S F=HF7|E <ld] vt
HFwE T A2 %] Wgle] w7Felal(Thomas, 1994; Van Swaay and Warren,
1999; Thomas et al, 2004) =3+e] J3lo| A WAl WSS AT 7154 o
=7] wZol(Van Swaay et al, 2006) A EF o249 FQAo] Hzy1
(Thomas and Clarke, 2004; Thomas, 2005). 53] UH] BYHY A= A8 2
MAA 54, 715kl wEpaA v Ex el 3 FR=7F W3ke (Thomas
et al, 2004). ¥ A= o]H3 WStE Yolr 7] 95t nAHE IAAE o] &3}
ZALE AAEAT. 24 A 2018 X = 24F 451170A7F sk
201919 28 330870 A1, 20201 26F 217370A12] &8-S 15 e 20181
vl 2020l #2d Fre 2% S oW VAT = 48% AR AU
MAF7E F3g 999 20200 849 dholl A 9€ol A A \e|(2020.8.26), Tl
2H(2020.09.02), 3Fo]41(2020.09.07) & Zes wHE THEE HIT(EEFHHE 300
km)o.2 la] WA F7F ot Ao Ak

ool = FH S e VIFREE du|gkol F9
st @Eog olojxE F23 A4S v ¢ o (Parmesan and Yohe,
2003), w22l vuje] EE} A WFel A E Jgo] F Foln, X7} A
v & o= o SEt(Settele et al, 2008).

lo

d 5 aFFol FE ofF7] Wl R $4 Fa

golmx gkt APAF(Kim et al, 2014a)ol e 5F 507/0A17F &8 &30 A vt
Ao T3 A7 A o Faste AEFS BAT 73 E0
85% wwko 2 ZFAstal 7]o] 19T olst7F W A7}
H il (Linnea et al, 2009)¢} o] FAM SdYFS B om 20200 Ao A
G HIasuH 1SR BEEel F 9 JhAls WY Fo] b

stel = vhebskth, ATl 4§ £ FEV} G 2R A7)
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=
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21K QLI DR

ojyp 9
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p=2
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=

T-3toltt.

2ck. )
Al

1

T

f

CTt& @4 & 1,500 m=, o] 32
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Singer, 1975).
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gag Axegth 54 Fdont PR FEo zdedl Aen o
M SALEAA ATEOR oFat sl vk ABolth Ed Fule] F

Joern, 2004) ol&gt WA =S UBFE Flsted 8% 95 star 9l
(Saarinen and Jantunen, 2005; Kitahara et al., 2008) th2 “7bol] H|3] Zrviokx
7b E=A YEkt

H73H2 M Ed FEAH A AR AZF74A] F4A R o] Folxl ¢k~
el AHd &y dxde 7 44 5 Alol= g o, =UF(Juniperus
chinensis var. sargentii A. Henry), 32} 315w 7| (Crepidiastrum hallaisanense
(H. Lév.) Pak), 3+&}=H A (Aconitum japonicum subsp. napitorme (HLév. &
Vaniot) Kadota), 3+e}W<svH( Aruncus aethusitolius (H. Lév.) Nakai), ettt}
] (Leontopodium coreanum var. hallaisanense (Hand. - Mazz.) DH. Lee &
B.H. Chol) & S54F4 =0 AM4sta vk 53] ¥ A5 37 Wa 9
AP FRE A AAEAA GO R Fstutrel] ofaf A Aol o]FojA

ofd, ', AAACIAN T HAAEe] Msta oy, BEY =W FHo

T5E &, , 3
A= Aok

TR FAE YR, THE 7%, AR 55 AdAT(Kim et al
2014a)¢} Bl BA1&99 vt 4 E(Dominance index):= A& +d1U 9 43}

(Simpson, 1949). ZA} Al7]

stow A|ZRe] Aol wel B2 Fo] Fdste] dubdor S ETE dolA =

Aoz Yepgth APAF(Kim et al, 2014a)e} vws] 2y M =7

qe Ates e Az Jephgow, o F7ke §

Aoz &aAY dex MAXE Hiss Tow d]1~23 =

49 AFBES s 54 (Kim et al, 201000] ow k
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2SS Ao wad Seie] un gy A
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UYms 2 A9 2fdS 7838k T4 ok 1 FE59 deeA Exse
Ao whel debAw, ojgdk oy 7pA] aQlEe Al - F3HA SH Y FS A
ojgt FAl Adelrt. APAF(Kim et al, 2014a)9] B¢ SAALF -1to]
2227 =A vy on, 2018 B77H2.05), 2019 W =HH(2.25), 20206 SIAl L
F@2A400] =A YebdAT o] 735 Alelstd ArbHow b
o AIZIE g 9] 20199 7E(2.22) Alfetd diRE we Y Bele
W ouE aHEd A9 A5 Aet A A YEREHH(Kim et al., 2012a). 4
v el A5 Sl E Aol vFAdol A ey glew o= Eus,
o, <

/\
A AlEB Aol EAY, AU AAw AYs meEm nizAd),
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nd Launer, 1997).
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A BE ko] 200 o deolw, # Ao AT RS Alsta d Hgke] 2.00 ©f
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1,400 ~1,650 m 7-3kQl whAlEAt SIAl Q5 Alelo] E7]7F B A HolA v
AR SAHAIVE(Vicia cracca), 374, o) EW a8 (Bistorta tenuicaulis), 7}
A3 H, W&, #EF(Prunella asiatica) X FHLstE Ao A5 A
o Atmepd v = dEEow el gal Hey ot o gle 4 54

A QAR SEEIL ob HAA @AWl ke Wi AAX ] o]

Ay

5 a7t AT AAAe S FAE oF7| gt (Thomas, 1985). 3Febake] 72
A AMAA s aEd R AT o|PH A A FHOeE FREET}
2FA = Aol A3l QT webA

of AT AE A8 AAA FWow oPu AFEAYY AL v

AbEEuE JdAVIdE 2 23ISR AAH B 312w (Cho
et al, 2013) A AT (Kim et al, 2014a)9} ¥ A7 RUHY ZAxs wd 7
A7t A&z AasE FAolt 2013 A3 (Kim et al, 2014a)olA
= 6920 A7F RUE Y Ay A0 2 Aol E 2018 8097 Al A A
Aoz ZHAawo] 2019 25370 A, 2020\ ol = 25470 A 7F Bl w0 AT
A3 Frastar ok HE A BAwe 2 v]EwstE Qs JAg WEel
HAE L Jom(Kim et al, 2014b), A &A A RUE IS S5 AUt vl
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Chapter I. 259 71F A=5 U9 NAL 9+

3t 9 aygstEe] shar o o]3ro] A2 st
v TEY BEd 2 HoA #AFAA dFo] 2453 JTH(Schultz and Crone,
2003).
= 2| A1 1.4 A 7 (Thelnternational Union for Conservation of Nature, [UCN)
4S9yl fEte Feo ek wE A E5S5 Aote] ddE
(extinct, EX), ok A (extinct in the wild, EW), ¢ H (critically endangered,
CR), 917](endangered, EN), # °F(vulnerable, VU) 5 & 9/Me &7 HFE +
wakal, Agsta #}EHARl ERAAE S HITAVIEES HUME F AEF A

Aletdth. el Za ARl el dAV|deR AAs Besta e

e %9 2

FBEE Slw AT FA Ahdtel WE AV ¥Y St A= 5
B52 Bl wel BEER [F, BEVER [How TRl 27

9 W sela Q. AEEUY], H 1 EA| YUY (Parnassius bremer) €t 23 A L)
(Aporia crataegh BE7] oMYA E [Fo2 A A - HI3 glon 7oy
HAUH) (Protantigius superans), *& 28] K- U] (Cigaritis takanonis), 52| 3%
WHUe) (Mellicta ambigua), 27 %MW (Argynnis nerippe C. Felder and R.
Felder), <=5 n|(Leptalina unicolor), 23 w7 ulo]3E2X A1}8](Sinia
divina) &% HE7] BB E DFo= At Art. depite] A2t A
=5 U = T3 A Aol A 2005 3€ 17 AAVEE A48 2 AT o
Qo RV AEE Y 7(EN)FSQ] Abandupu] of AbEs5un] E9 3 (ND)F

Q1 2, AHVUE SgEH b Fol Asta ek
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2003; Hickling et al., 2006). gkepibel A2t AbEsun = 3A ghepik s)d
1,300 m¥E HAHoz Ryxshe oz dHA] glov, HT v|FHge] e
9@ a9lel 27t AR BAWME Soz At WEo] 7w gt} wal
A2 A FEt oA el A A ete AbEsUH] ATE 8 Fol dig
A4 25, MRRES €3 A5 &4, A8 5& EQ=E HA9 A3E &35
7] A VxATE Agstdon FF AAA BA-EAS AT V| 2AsRE F

gatan @,
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2. W2 L

1) 24 712
BT 01 ED Fasgon HEEUN F2 BEehE AvlE 7-8
A B ATAE 78 297 89 11AAA AN ST, AL A vl §

7 F2 FEdhs 94 o] FHE 164 Alol= A A3

2) 2AA A&

ZAMA G S stepal g ad ARSI TFIoR sjtued AL el
vl A9em §% 1000 ~1400 m7hA el g BAFEush A 1400~
1,800 m7FA o] A de} #=L, 2ala AA
ZHo R o] Fol X YA R Hof Ut

FH
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rlr
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Y
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o
o
Lo
El
Bjte
ol
o

y T w

2 o]FolA glom, AFZB(Sasa quelpaertensis Nakai)’} 524 F+&

o] Fa St s 1400 mA¥-H = 2wV (Rhamnus taquetii (H. Lév.) H. Lé

[¢]

v), A 2 (Rhododendron yedoense f. poukhanense (H. Lév.) M. Sugim), €%
G (Rhododendron mucronulatum var. ciliatum Nakai), ¥ 25U (Elacagnus
umbellata Thunb), B ZUS(Weigela subsessilis (Nakai) L. H. Bailey), 221}
S (Ilex crenata Thunb.), 23w &5 U5 (Berberis amurensis var. quelpaertensis
Nakai) & #&EHHo]l F& olF1 gow, st AFTETAZ(Triblium
lupinaster f. alpinus Nakai), A 53}7|(Astragalus nakaianus Y N.Lee), 7}A 4 73
A (Cirsium japonicum var. spinossimum Kitam.), Y5977 (Cirsium
rhinoceros (H. Lév. & Vaniot) Nakai), 79 (Festuca ovina L.) 2 AF25 )]

o] Fof 3l
3 1,600

m FH A gk WA BAZD 4F 2AdAGem AEE 9
2y & #EdHe] FE2 olFa doew SAtr FHows= AT (Fallopia

1o

i

™

Jjaponica (Houtt.) Ronse), A5z, &3 Thymus quinquecostatus Celak.)
o] St mgk FWH AAEFA A= vl Kol Fo|dHI A

(Arundinella hirta var. ciliata Koidz. ) S o] X3}

R
3
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H Xo= AV E(Primula firinosa subsp. modesta var. koreana T. Yamaz),
w8k Fukabol(Senecio nemorensis L.), 33, %3 (Ligularia fischeri
(Ledeb.) Turcz.), *t&3%(Achillea alpina subsp. alpina var. discoidea (Regel)
Kitam.) 59 Z®E 77} xAstar g},

o
)

2

>

2

(0]
fit
2
i)
i)
rr
—_
O
(0%}
(@)
2"
Q1
—

O
=2
_>‘~L
rO
e
1>
rV’
24
>
o2l
o
fru
r o

kgl =3ttt & o] &3 AEA] HFAH o] o ™

A3 oF 30 eme] W EEOE AAPAFT AFHE FAHSE AT (Abies
koreana E. H. Wilson) & &3] s gla, dxlg

I AFZEBE steAder et o FHeld, HAA | HAgrostis
fAaccida Hack.), @M (Arundinella hirta var. ciliata (Thunb.) Koidz.) 5 w3} 2
o] B gxde] Xy T3 StE FH EAIGo = F5Y9S(Anaphalis
sinica var. morii (Nakai) Ohwi), A| 2V (Empetrum nigrum var. japonicum K.
Koch), =&Y (Juniperus chinensis var. sargentii A. Henry), A4 %, 3+
A % (Dendranthema coreanum (H. Lév. & Vaniot) Vorosch.), =7]%4-A o]
(Aster hayatae H. Lév. & Vaniot) & Z&/7F AHAstar ol 20161355 2020
W7kl 5zt AlFEd deplel Ad AFAgor AFHo AFHEAE o

A 9lom ABo] Eriwyl HA Eolx i 9= K dolth

ermanii Cham.) & XWEF7F &St o, SHte £ Huksl 3xe F2
S 8H (Saussurea  gracilis Maxim.), TIFUF, AlZ0|, EHE(Salix



hallaisanensis H. 1Lév.) o] x}A3t},
S 1,950 me] stebil Aol B3k Ul Fed AP s wEdo] glom,

By A wAAEe] dgaAdess JEALgon W Fad 914

2

| =] Aok HEA7] RBAE 195 Sl (Diapensia lapponica var. obovata
F. Schmidt), OH¢< 3&tsol =& (Pedicularis hallaisanensis Hurus)E W] E3] 7]
AR FHo = goldat A A Ao A Agrostis flaccida Hack)e] $A3tH 3435

FAE et F(Allilum taquetii H. Lév.)7F Bl Ao Ax Ex& ¢
tH(Table 10).

Table 10. Status of butterfly habitat of altitude, location coordinates, soil

exposure, nectar plant, host plant

Location Altitude LOCE.ltion Soll Nectar Hos‘F
(m) coordmatesu exposure.  plant™  plant™
Yeongsil 1,500 ;3';6?; i A
- N3321 " 4438 ”
Witse Oreum 1,670 E126’29,’ (13.28”” VI A+
Mansae Dongsan 1,560 ;Z;OZ; ,137%1 . il ++ 4+
Mindaegari Dongsan 1,630 Hm;'?;f} 3;420 I +++ ++
Samgakbong 1,670 I\E?;‘fl, ?23137 | br o aes
Janggumok 1,800 EIN%; ?Zgi, X ares b
Banga Oreum 1,680 ;ﬁ%%go VI +++ + 4+
N3321 " 2006”7
South Wall 1,650 B 0181 VI T T
. N3321 309 ”
SeonJak Jiwat 1,650 B 3759 VI ettt
NP "5697 7
Sanbeolrunae 1,550 E126’315?138 I + o+
Baengnokdam 1,950 ;f(;'%l 4i60§2 . VI bttt
Beangnokdam east-slope 1,900 ;’;?312 , fiiz W e aes

* I, 0~10%; II, 11~20%; M, 21~30%; IV, 31~40%; V, 41~50%; VI, 51~60%; VI, 61~
70%; VI, 71~80%; IX, 81~90%; X, 91~100%

#k  +  Almost none; ++Less; +++0Ordinary; ++++, Plenty; +++++Very many
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3) 2A A9 HA

S 1400 m ol @eh obaal ZAWE FHOE 2AAGL HAAIO
o a2 A~ SALE~FTE~ AR~ GG~ RI Y
Sge FH0R BE SARCITC @ dE 1000 m)sh WS AR (AL
s S 1700 m), FTE AR~ vl b BAl, AR s~

e
o ol 2AE ANt

4) ZAF A9 714

Shebabe sidaie] wE 7] Aol ofa] thekst Ayt FE7F 3L
Y AAYAA sk, FHAY, FHAN Foz w|y)ife] wEo] )
(Kong, 1999). & A& 275 =
RAEEALES Hole HAGe] vHZ B4 A7 dasta s4wstel gigh
widol ofsf A= AAA H-Z3HKim et al, 2013; Bae, 2011)
of we} AbEEuH|e] MAXE FAoR ke wE 7|4 2AsE 6]
A8k 41(1,500 m), A 2E(1,650 m), F+E(1,700, 1,800 m), M=5(1,950 m)
o 5/ Aol AbEEUHZE A e AYS FASE AFo] EEdte A4 15 m
o] &4 Az} FFo] et AWUF 77 2EV|EAE AR5 HFig. 13).

1A g £H-E Data logger(Mini Temperature and humidity 174H

frt
i
>
g
2
Y
o

N

2channel, Testo, Germany)Z °]&3tg o, A7 24L& Comsoft-Basic-5 L=

aFe o] gtk 7IdAR HolH 2 A0 AT @S AR Hd
il
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Sepngpanak

iy

Yeongsil

Fig. 13. Location of weather data(temperature and humidity) Collection by
altitude in Mt. Hallasan.
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(2) AA=5uH 22X %
Sebat AbEEun o] BRIz 20149 72 ~89 12709 A A Ao ko] 2
5] o] ZAME Al ow HAEARH (Pollard and Yates, 1995)2 o] &3t 2
ket
b oAb 2AIA G vH] A o R 5 FALsHY] flste] RRE AAAE &
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(3) A=FuH] AAL FH

o] A2 AAIGT7E B dul E9jo] A Eo] AT EFdd Age G
5 dYoA WEZFAIHES 383 MRR(Mark-Release-Recapture) & 2 A 8}31 2
), ZARE 20149 79 229 FH 8€1197HA] F 133] A AEHA

MRR2 SHA Q] A A71E FAs7] skl AFEHL = bl
=

2 E MAE GPSHEH A (Garmin Montana 650)2 &&3slo H1E 72381 AR

g, AAE s, 4, 9 g, AASH 5L 1S5 a7

2

Fgu Qe AFH AF F A A9D dolde Mmse Wsw A

g, 27N, A 54, olsd®, 7 o= 7S dolH et

(4) HZEGu Y FAF A

AEEUn 447 F MRREAF A9del 47E Ao uduw s 175 3
ZF A7), Wl g, W7 5 ANA 54 wEow duHs spehA ]
S, EA AU, 2R, AEEg e H2 A Teyst

dEFoer A AAWelAM mAHE MAFgE wla A= =HUH el i)

L

6) A& £4

1) AAL =271 3

MATe] A7) F42 Jolly-Seber(1965) ¥ s o] &3t 7fAw o]
Fgskainh o] W Aol 37 ool AEo]l EAstaL gk Alth o]de] A
wol Aol A WA AP st o5 AATE YTl AHFHoR

AR olr @k QALE~FTE  FHe wd EEE 23suA

rulo
>~
_I%
ol
ol

o>

(
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Mark-Release-Recapture(MRR) WH o2 HeolHE FH3 & WAL 27
ek ATh

k2 JRAE S Seber(1982) 9] W o2 th53 zEo] vERUTH

AR AEO] mha R AT EE A mtaR AT Ale)E v
213 2

M =m;+ (R +1)z/(ri+1)
M= AR WA Al AEA 24 2 5 gl FAAASel
ggow 4 MAT AN F iAA 4B AT 27 Gge A

Zo

= T (n;+1)/(m;+1)
A7 A n, = AR AMESoA xFH AA MAF
Ri= if A AEol A Y8 mAEo] PAE AAS
_ A AN o] HARE AAAA I BA H AMAAF G
g =@ AR5 @

Z i- A AZE Ao X AR iHA AMZoAN= X HA &

(2) FANAT AFHH
Jolly-Seber® FAHw WA e Z7]E= AurH o7 ofeoa] $43] whd 7Y

A 7HEES AAT A7]olh.

(

Wepn Zzkel Kol A 2718 BEAAR wass] 9se tee 4e
w2t}

T,= log. N+ 0.5log, [0.5 — 3n;/8N]
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olH, jol A i+ 17kA 9] & A& (dilution rate)

i+ 1704 AZe A AT A7)

NSO BARA e i 1149 A% AqAAE 2]

1) AT 27 (i+1) A BEE XiAA AL =Z7) o)t

AA - A& (accidental deaths)S U229 2] oz AHoE )

PN

): _ N7:+1
l (pz[j\\[z_(nz_Rz)]

(3) AZEH =A

UHl= %3t § Blgoly A4 T dFom Aol 7 ¥ o]
tomebA A 229 GO AEdd wEbd AFow e A s
HBEAEA F4o] 7hsetet. weba Erlel g I JE=(wing wear
condition) FHgH o0& UH|o FHE 5T F U= Axg T F UHEKIm et
al., 2011). &7 A8 v A7AE webs] FHH R A&t Jdon
Hjo] =Z7]e weEkA A= 497t ®u Konvicka et al.(1999)%= 3%+,
Fleming et al.(2005)+ 5w 2= Uro] AREStAth wefa 2 A4e dad
T(Kim et al, 2014b)¢} 22 4555 A&tk ol ddES] =5 =
Gl AV 7F 42~52 mmE FHOE IS E FRlo] §olg 45Fo2 I
® AAS G FEE VS5 F oM (Fig. 14), 559 2482 (a) G/ AErt

Fsstar ool FAH7E fls A, (b) FFe] Qlito] e FEi(AEAH 10% v
), () el Awdk Fx7F A8 (11~20%), (d) Aol AstA FAY A7}

AeHA ghE Ao ® YTt (21%0] ) (Kim et al., 2011).
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Fig. 14. Wing condition of Hipparchia autonoe.

a, The condition of the wing is good and the wing has no wound; b, The condition of the
wing is old or there is a little scratch(less than 10%); ¢, Two or more scratches on the
wing(11~20%); d, A badly worn or badly damaged wing(21% or more)

@) 45 g 24
%A} 713k % MRRe) olste] Ba® AAE d5E ssete] nge F4
shelch. mgel 2AE 99 wamsh 24 717 QAR Uire] ®Ae] 283l

.

(B) A BE=dF F73

MRR2 #23 i A4S wbEstez A JiA| o] HEd &

T F
o] 7}satth. HAFEAF(average survival days; ASD)E 4 w9 ®E vy}

2ol Axtstgich. 7+ Ao AELF (D)) F&
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SD =citeytegt+ -+, e, = Ecn
i=1

e P AELdT(ASD) = a3 2ol ALtEn

A7 N ¢ = 3 WA dEH fA L] FELF,

¢, = F A BEE QA AEAS,

(6) A=A o]Fd3uet
ol = FHd= GPSol 7hHlgrt uldE Fn](Garmin Montana 650)&

o] &35t #EHE MNAE AL #F T A= (Garmin BaseCamp)olA] o]l & A g &

-

Alxtakd
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15 mY &% A= 15C o4 zpol7b Y
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of wEbA 2=

of webM = Apol7} EbuttH(Fig. 15, 16).
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otk ol @ enAE AFow e Adel Aol oold AAFI AL
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[eRR=1
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5ol Hojxn, w3k W] 33 T2 ZEstrld 4§ 2=5 o}
A ZATE IANR o FsHAl Hv ol#j dAde] nhEE Ao AXYEE A

o AAaE THALA "

***** YeonssilL500(G) Norusaem (G)

Jangeumolk 1 700G Janseumok 1 BOO(G)

Tempurature
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Fig. 15. Comparison of ground temperature according to altitude above sea

level in Mt. Hallasan.

Yeonzsill 5000 ----- Norusaem (L)
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Fig. 16. Temperature comparison of above-ground (1.5 m) according to
altitude in Mt. Hallasan.
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g 24} A3 AFEEE T2 wdolt niglel 9o F4e] o 78

ol 22 bk A oukeiy Aol grol tirE HolA &Sl Hod =74 §

Ho] 7do] HFom 33t 19 AtdaE 96~186707HA #EHA oM A
bk 48~937) @) olth(Table 11). 18y B2 vt T2 YnjE2 A 1t
of Ab&krE 2 Abo]E Holil(Hong et al, 2016) A7] wiitell Ab=sibr] A
WA Zrell Zpol7b A HhEREL

Table 11. The number of spawning by day of the female Apparchia autonoe

No. of spawning

Spizvyning Hairy caterpillar Sum
1 2 3 4 5

D-day 4 10 18 12 12 60
+1 15 12 22 14 17 80

+2 14 20 24 17 15 90

+3 8 12 17 12 11 60

+4 4 4 12 8 3 30
Sum 48 o8 93 63 o8 320
Mean 9.6 11.6 18.6 12.6 11.6 64.0




2 122 mm, =o] 127 mm=z MEZ 97 71 2Y¥S &1 ¢JtHTable 12). Abgk
g2 Azto]l A wel o AojAm e o HrolxH(Fig. 17,a), F3}A]
=

o = o
e &9 A5s 1 few 295

=8

Table 12. The Measuring the size of Hipparchia autonoe egg

No. 1 2 3 4 5) 6 7 8 9 10 11 12 M

Wid 112 110 134 123 112 139 113 117 124 118 130 130 122

Len. 125 143 132 122 137 115 126 113 121 1.36 1.27

el AAHOR e FAS wm gom Su dud] Lol YFoz g

Ao 2RU7h Qom od FYHE Med @ Mom Uehdth gelx

Behg e Wol 4B oFam 2~3uAA Aeld F7] R HRE
o7be o] BB @k Heo|BEL Fi o2 Ao} ke AYe] Fi= o

= dEEfa Yolgdgo] eubd AARZ Wk 24s A&drh(Fig. 17,
b-c). 3% olFoll= wo 5= AA W geojddA el Axd Fd

FHaSolu vE AE9 o ApolelA Ao el Far NisHA ofF

- 3
shich
MH7lE 54 44 AssAE 2ot &4l old Hol A% Ao} &

G T Zolu HEe] Atolol A o] FolA WU Z|7E 7] flste] o FAE
o] Fot= Aol #AEJT(Fig. 17, e). AAAY B2 Unl52 AE defor
e 7] A7Z-E W 3tA 7] Polyphenisme &3 4<E&S =o]l Jth(Hidaka et
al., 1956, Hazel et al., 1977, West and Hazel, 1982; Dyck et al., 1998, Hazel et
al., 1998). AbzEun]e] WHH 7= Z7]o] ¥ ZM& Holy Alzke] A 3}gld
ueh Hx ZE Ao updv. sEuHe] A9 #5571 ot AAE Ads
&=, g R AFTlduket W] gzl wistel= ©rIge] FFr] A
H

s}ttt M al(Ishizaki and Kato, 1956)7F 1oy Aba51n] 9
?_
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1= A H(Fig. 17, f).
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Fig. 17. Stages of development according to lifecycle of Hipparchia autonoe.

a, Hipparchia autonoe egg; b, lst instar larvae immediately after hatching; c¢, First-instar
caterpillar feeding; d, 5 instar caterpillar; e, Pupae in host plant; f, Hipparchia autonoe in

mating (Female on top)
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3) AEEYY 2XEF

By Ax AFHuHlE § 1500 m ol AR E &3] A Zete] nk:
7b mole wep FUkshE o ® FRIHATHTable 13). Ab=5unl7E -3}
SEEE 1,950 m)ol ¢k 1,00071 A o]/, FH i 1,650 m)o] oF
8007H A o] %, =3 1,800 m)o] °F 7007HA o], A=A $H1,650 m) °F
50070 A o] A2t Ao® ALY S edR FESH G o
Al W 1,700 mH-H i 1,950 m7bA b w2 AATE A A sk Ao®
FAH AT =S s 1,500 mollA] #AFE AbEs5UH Y AAFE A LE G
21,650 m) ©]de] ko] vt dAsA A2 e Efyyth o] 1,500 m
olste] A AfFFo] FEo] Ul AuHor FHE FWE Astd
AbmEue| o] Wola &l Flojyoe] WEyE Ha, Fue] BEY mEFA o] Ao
] SAbA o] o]Fo] Wol sbmEunzE Al RA ey o g
A=

= A=

=

_—

)

AEmue] ARG dBE Fe AR F
ool e Felolth. Aejdo] WA Ao Fule] B wZH
gHow Hom geode] 27t Am HAFHE

3 el Ao

gn] g Ea) A A= <
& A =AM 7]wo] A vobd Aom o dEr.
AbE U el A = Xl kA A g ApolE Kol

oo 2Ab A9 F A ARTE b se Re Bebl RETE PR @

rir
po)
lo
t
i
X

A st Aol B AAZE Ao o, whAlEAk Az Sel A
Ao MAZE AAstE Ao FAE QT Table 13).
ol THE HY AEsSuiles MEsd F3TE FAHA ARt HAAFE
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rlo
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ol
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we exel gan @7 of Ao AEHLH| o o] Fo] Wil Fu A4l
AFHUEZL Ass AEE ot AeolAw 1 9o AL gy A%
zv7t DS BEe] S AL Hol B ede] ¥x Hez

MAF=E stetst vk (Table 13, Fig. 18).

A A3 AT 1,500 m)el B oF 50704 A=rF AAske Aow
byl = A3 F(Kim et al, 2014b)oll A= 2 Ao} H[S2d 50704 A=
of MAYULEE Kol FASHA Uetwth 94 73S SAtR FRoRE "ol
e Wig AAsta AFESItrE iy st o Fe pE ol

2 E¥sty SAda FHeR JhaE ddo] fx|skal
gt o] eyt wa FHe EAd A AAR Q] sbEEumbie] A2
gal s om Hak AAF7F Fad Aoz o dEti(Table 13, Fig. 18).

SIA L EGEIE 1,670 me 4% oF 150704 Ax= MAsts Aoz ZAE R
oh A AH(Kim et al, 2014b)2] 7% oF 300704 o]/de] A48 HPorL) B
ATl = 12 A% A717F 74 Aow yeut dAeE 73hS ol 53
G4, ElZE ddst= AFo=Z 7HF 7kl 9A S F2E HE A H
& WA JEA AAET o] EAEH, o] Ags FAHoE A ELH] 9
2ol ol a1 9t (Table 13, Fig. 18).

A EAR R 1560 m)e] A 9 100704 AR A AEE AR FAEAL

AHAT(Kim et al, 2014b)9] 4-F-oll= FAFE AR Es B whAlELt A

an



Aol w3 golde] Agste A

_18

of FEA o FA et o] A oA A
2 JfAe] AbEEUHE gQlE 4= It (Table 13, Fig. 18).

A7t s AkEE 1,630 m)e]l A5 oF 100714 A= A ete Ao ZALY
AL APAT(Kim et al, 2014)¢] 47 vl =3 AL 2715 Belv. "7t
et AEa AHo R ofojxa glow FE ATtz HAsta 3l
, wA7IE TR JERTFAAAA A2 JhA Y] A= EUHIZE F

A7 (Sl 1,670 m)e] A5 oF 807NA A= AAehe ALZ HANE A A
P AT (Kim et al, 2014)°] 45 100A = FALE o] WA 2717F 1/6 A= 3
2stAtTh o] A9 A tiFE AFEId7E Ak A A
12 2 AAH EAF fEE Qe A7 A EC e O FRor ol
o] ApABEAL glom oS FA SR AbEEur] o A2 o] FRlE At (Table 13,
Fig. 18).

A s 1,800 m)el A oF 7007HAl B A At Aom FAEAL
A A (Kim et al, 2014b)e] 4% 1,00071#] AX A2o] glxo] oF 1/3 A
T AR A7 A% AR yEth o] A9 1985 A FAAA -1

5

o
B

il

o Aol Al Fol BAY THOE MEe duw P AFH}
Mol A ANAR SUE EAGG FTE AR A9 AGF B A
Qo 3¢

AFzAt SAen Tk WA AR AL e AQuT A
9o HuEs} of 50% AER

3ot BN J1eE Wl FAse] AEEut ANl HA9
RFxNE 25 e o2 YERH(Table 13, Fig. 18).
Hholo B 1,680 m)el A% oF 2004l AR AAsE Aow ZAHAT
APAT(Kim et al, 2014b)e] -5 3007HA = &Rl o] JfAT- =77} 30% A
o= vehgth oo Fol ANstE AATES B geldst A

g THe FHOR AFEUG} o] YHA

A ubE|7E 2kl vk (Table 13, Fig. 18).

HEE T 1,650 m)el A% oF 8007HAl A= AMAste Aow TAREAL A
PAF(Kim et al, 2014b)e] - 1,00071A] oldo=z /AT A7]7F 20% A=

Ha@ Ao ekt o] Fe A% dRE EARoR wAdR 255 /)

o] 77
A

&2
rlo

e FHow

flllo
ofN
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HtE o (Table 13, Fig. 18).
M2 SHEE 1,650 m)e] A$ <F 50070A] A= AAsE Aoz ZAEY L
APAT(Kim et al, 2014b)e} FAFSHAl YEGTE o] A9 Sz gdoz
Aoldo] E¥ata gon AL FHow W WA A g AEFEuby]
of Aol gls il 9l A eltk(Table 13, Fig. 18).
APEEU (T 1,550 m)el A$ o 100712 = MAste Aoz ZAEAL
=l

A A (Kim et al, 2014b)} FAFSHAl YERSTE o] A 92 422 sk

Lo
N
ol
=l
facs
lo
A
2
Q

2

o
kit
o
2
i)
=
)
o
Ru)
lo
2
o

o
it
=
2
M
W
X

Ir
2
N

W ok A el AAS Hola lth(Table 13, Fig. 18).
W= 1,950 m)el A AR 271E oF 1000714 o] do

Qi AFAT(Kim et al, 2014b)eF A UERT o] x| ede] W A

fAex AYBFASe] thge] AMAF HAstn Qo helde] 70% o

2o Qon WEAdn ByAe A e, FEES Sl we At Fust

0%
K

i e Ae stk (Table 13, Fig. 18).

44 T35 APEGEIE 1,900 m)el A9 oF 500704 A= AetE Aoz
HAa APAF(Kim et al, 2014b)9} FAFSHAl UEFSTE 55 AFAS] A5
AUFES Ay sE 1,800 mFE MEE Fike] 2AFH i FHoR 3

1 T B e B sdUE 5 A5Y, A B BEE =EA 0] @ E4

Ol

}a2 lth(Table 13, Fig. 18).
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Fig. 18. Satellite image of Hipparchia autonoe appearance area in Mt. Hallasan
in 2014.

Table 13. Comparison of the number of Hipparchia autonoe by habitat

Year
Point Location(Altitude) Rim ot 20079 Survey @01l
A Yeongsil(1,500 m) 50+ 50+
B Witse Oreum(1,670 m) 300+ 150+
C Mansae Dongsan(1,560 m) 100+ 100+
D Mindaegari Dongsan(1,630 m) 100+ 100+
E Samgakbong (1,670 m) 100+ 80+
F Janggumok (1,800 m) 1000+ 700+
G Banga Oreum(1,680 m) 300+ 200+
H South Wall(1,650 m) 1000+ 300+
I SeonJakJiwat(1,650 m) 500+ 500+
J Sanbeolrunae(1,550 m) 100+ 100+
K Baengnokdam(1,950 m) 1000+ 1000+
L Beangnokdam_east-slope(1,900 m) 500+ 500+
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5) AZEUH AAFT 24

AbFEua] A2 A AAE 2AEAHE Table 147 2ok, B A yldipy]
el FdFS 17F )M (Table 6), $HEE 55 2= sb=5u], 7hehx v, o
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Table 14. Competitive species of fpparchia autonoe on Mt. Hallasan, Jeju

Species name Food plants Overwinterning type  Wing size(mm)  Occurring month Habitat
Hipparchia autonoe Festuca ovina Larva 28~33 7~8 grassland
Festuca ovina
Aphantopus hyperantus . Larva 18~22 1~8 grassland
Carex erythrobasis
Oeneis urda Festuca ovina Larva 22~26 5~6 grassland
o Miscanthus sinensis
Minois dryas Larva 32~40 6~9 grassland
Poa annua
Carex lanceolata
Coenonympha hero Larva 18~22 5~6 grassland
Carex neurocarpa
. . Miscanthus sinensis
Melanargia epimede Larva 27~35 6~8 grassland

Imperata cylindrica
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6) =5 AATL SH

(1) & MASF

2014 el garEollA AbEsun o #E AAeE T 657THAITE HEE
ATk olF FAL2 43270A, A 22570 A 7F BFEE A gy AwRE A
= ZF 309/MAVE HFEEJ e o)F FZ 19071A], HH 11IMA R Ve o
E AAFE g5 R ARy #F AS uES 3466%2 S0l Bk
@ v goAE 3862%= FH o AHFEo] =2 A2 YEYtH(Fig. 19).

A 3PAF(Kim et al, 2014b)oll M= & 149370271 Ed3tA L 7 978704,
HA SISAAZE E7ste] BA e vu S W o 26 oY w2 JHAIZE &4

=
Holom ARzE fATE 403MA 2 oF 2w = ol & HATh EI A
S0 FRAS BAAE AT ARl FA0 wWol WAl AAL
kR So7td FFHlo] ®ol WMAStE AoR YEWU o= YH[E 259
gitrol ghgle] Ae MA@ 9% wolyHgol wol Bastel §3717k Ay
Hog A7) wjio] B A7V A =2 Ao e Ao A}
200 q
OMale ©Female
150 A
100 A -
= o o
@ 50 = (A T 66 ad I
E 63 s0| || |51 o [ ’I‘ 22] & o
T e B e BN, Co | B % 2l mdd W R
-;3100% 22.Jul 23.Jul 27.Jul 29,Jul 30.Jul 315Jul 5.Aug 6.Aug 7.Aug 8.Aug 9.Aug 10,Aug 11, Aug
= B . . . .
S |
‘9 80% - cidl lsam 38% coal lssa |18% 138%
' _ 75 0% L
60% 1 |g04 % 81%| |[som| |77% L
40% A o
I N . 62% ol 62%
20% 1 | L | [O% R a4 45w 2% e
— 25% 30% 19% 20%| 23%
% 10%| : 20%

22, Jul 23.Jul 27, Jul 29,Jul 30,Jul 31.Jul 5,Aug 6.,Aug 7.Aug B, Aug 9, Aug 10.Aug 11, Aug

Fig. 19. The number of individuals and ratio of Apparchia autonoe captured

according to the date of investigation in 2014.
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A G589 A AAF WA AL 859 AR Aol
g A et gl ol &AL g slakaud e G Wi
Fepabe Mg} ol 714k Al wekA tue] paMARe Aozt v

- 27 YER T o= whEe] AW ViV A wels dEe] & HA =
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(2) #F - AAZ AAF

Boodgol Feld AEFEudlE F 657AR FelEden olF 7 432
AA, +A 22570 A = Ebsth(Fig. 20). £33 A#Z AATE F 0TAAR F
Z1 190704, 42 11970 A= Yebsth(Fig. 20). 2AF EAE 2= 79 224 70
A, 783040l 2/AE HAEAS Bon, 89 S04+ 8¢ 5Y To/AIE
Aoz 8¢9 119 24/0A vixgo 7 zA7 kg w Q)

w23 A AT E ABAF(Kim et al, 2014b)ell Auk =Fo 2= e
7

2 Fel ATF A dol Bekor el @ol mw AR dld) gt @
BaEA ggtov, 4% Wt 4 Whust 9E ARGt F ugE
vl #HEe] Algaclom Agely] wiel whgre] AehAl ¥ weli Zds
C A AL QRom WE FES AL 2ol Furss]) g AFEA
oA el ol BAE PEsY] PEth Serbe] WaTad sde wiA
ol Aol 714kel SAeln el #EWute] ohleh EARe] A oY %

o= oyFol ¥

Ir
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Fig. 20. The number of Hipparchia autonoe captured/recaptured during study
period on Mt. Hallasan in 2014.

olF Atz wEE AV 79MAReH, Ad wEFE A= A, 2 A
T A= 5A SR vE o glvh AFEE A= 309/ A 2 e
omn ol A FAF /17t Fol ARAE MAG WEE Avny A4 Gy =
A oG AdEE NASFIE 14, 1270A0]ar 89 8Uell 5070 A7 #FAEE T ML
2 B AA7 FEsA BREE Aow yehda gk oA A 57}
Astegte AAGF7E A BAaEA Fa ] QREEE Ao
ZEUN o A AR A A "HoluA ¢k Aoz Hel My
T A vl=zgh o R HAMEI Arh AFF v EdA = I Ho 88%l
A Az 18%7HAE Hol Bt 486%= Bt g dd AAEEL A Yo
AGFE et T7HE RS tH(Table 15, 16).
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& 3TNA7E ZAPE J & E = EF 2870 A1 7F A2 E A vk (Table 16).

Table 15. Number of daily re—captured individuals of Hipparchia autonoe in

2014
Time Capture Hecapture
Male Female Male + Female
1 70
2 53 26 3 29
3 91 14 7 21
4 63 40 22 62
5 32 30 5 35
6 13 11 4 15
7 75 6 0 6
8 54 25 28 53
9 37 18 30 48
10 39 8 12 20
11 29 7 5 12
12 27 3 3 6
24 2 0 2
Total 657 190 119 309
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Table 16. The number of Hipparchia autonoe captured/recaptured during the study period on Mt. Hallasan in 2014 (male:

female)

22, Jul 23. Jul 27. Jul 29. Jul 30. Jul 31, Jul 5. Aug 6. Aug 7. Aug 8. Aug 9. Aug 10. Aug 11. Aug Total

New 70 53 91 63 82 13 75 54 37 39 29 27 24 657
capture 637) (40:13) (64:27)  (51:12)  (66:16) (10:3) (38:37)  (26:28)  (14:23)  (2217) (16:13)  (13:14) (9:15) 4225

22. Jul 14 5 6 2 0 1 1 0 0 0 0 0 29
: (14:0) (5:0) (3:3) (2:0) (0:0) (1:0) (1:0) (0:0) (0:0) (0:0) (0:0) (0:0) (26:3)
23. Jul 7 4 5 1 0 2 1 1 0 0 0 21
: (4:3) (4:0) (3:2) (1:0) (0:0) (2:0) (0:1) (0:1) (0:0) (0:0) (0:0) (14:7)
27. Jul 15 14 3 8 4 3 6 6 2 1 62
) (87) (8:6) (2:1) (7:1) (2:2) (3:0) (4:2) (5:1) (1:1) (0:1) (40:22)
29. Jul 18 2 4 3 2 3 1 2 0 35
: (15:3) (2:0) (4:0) (2:1) (2:0) (2:1) (1:0) (2:0) (0:0) (30:5)
30. Jul 2 5 1 2 1 1 2 1 15
) (1:1) (4:1) (1:0) (2:0) (1:0) (1:0) (1:0) 0:1) (11:4)
0 2 0 0 1 2 1 6
3L Jul ©0 @0 00 ©0 (T @0 10 (60
12 7 8 9 8 9 53
5. Aug 75 @5 35 G4 (@5 G4 (5
10 21 5 7 5 48
6. Aug (4:6) (813) (3:2) (2:5) (14 (18:30)
10 4 5 1 20
7. Aug G5 4 G2 G) (E12
2 5 5 12
8. Aug @0 23 32 05
3 3 6
9. Aug (2:1) (1:2) (3:3)
10. Au 2 2
- Aug (2:0) (2:0)
Re 14 12 25 39 8 18 25 25 50 29 36 28 309
capture (14:0) (9:3) (15:10) (28:11) (6:2) (16:2) (17:8) (13:12) (23:27) (18:11) (18:18) (11:17)  (183:119)
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(3) A== uH A&

Bt AELdFodAds dAH FA9 dA Hd AEdFe 2772 YEHE S
ol FH W ATy 2754, dFA 280= HENY ¢Flo] A Bt o
AES A2 Yetyth(Fig. 21). o)+ aggFuH] 1.11~1.569(Kim and
kwon, 2010), H->FEAVH] 2278t 31 Aow yeigton HdaA A
(Kim et al, 2014b)¢} wvlual & w P S5+ 0460 Hojxlon A
067 Folxlom AL 0614 -t Te uldyn| 2 Preclossiana eunomia
F7e] Wit e 26¥Y(Baguette et al., 2003)¢] 3L Z&UH| 3} Erynnis tagas
o iyt S A 3339, A 2364, ARAETIE FA 109, GA 8=

o

(Gutierrez et al., 1999), &YW 3} Parides anchisus nephalion= <

&

71 82-14.1Y, oA 9-30¥ (Freitas and Ramos, 2001)& e} Ab=Eube]) B o}

o

AA B AESANAE 19 AES AA7F 43570 A2 JERY} 7 =2 1)
S B, Ho 18U7tA AEF Aow veiwth a2ga FAAAE 19 AE
g ANAZE 29370 A, A 179744 AEstA o, G 19 AE AATE 1427
A, A AELFE 1892 Ve

BELF A9 FaFol & o= vehva glon 53] 13 #FEE v
&o] EL Zo® Yeya oy o= 7E A AR mEHF U (Kim
and Kwon, 2010) ¥t v HSA A UH(Kim et al, 201D)ETE 28 A
o2 ey

¢
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Fig. 21. Average number of days to live of Hipparchia autonoe on Mt.
Hallasan in 2014.
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Fig. 22. Male and Female travel distance of Hipparchia autonoe in 2014.



(5) G4 H
20143 ghepaboll A Akl AbFEubd] o] Gl dElE o] dwrH o 7p
THEE 12 2AME A AL T A
wokth 1E]al AN AUt A GE AH 7

UElykth(Table 17, Fig. 23).
AELFAME GFlo] AR o8 AESE AR e
A= FHE] FHHd
=

/\H;H
el wlske] AojH o

o

Table 17. Changes in the wing wear category of Hipparchia autonoe

Wing wear conditon

Date Male Female Male and female
a b c d a b c d a b c d

22-Jul. 60 1 1 62 7 1 0 0 8 67 2 1 70
23-Jul. 39 1 40 10 1 2 0 13 49 2 2 53
27-Jul. 59 5 0 64 26 0 1 0 27 85 5 1 91
29-Jul. 47 2 2 51 10 0 0 0 10 57 2 2 61
30-Jul. 65 1 66 15 1 0 0 16 80 2 82
31-Jul. 9 1 10 3 0 0 0 3 12 1 13
05-Aug. 31 8 1 1 41 31 4 1 0 36 62 12 2 1 7
06-Aug. 17 6 3 1 27 28 0 0 0 28 45 6 1 55
07-Aug. 7 6 1 1 15 21 2 0 0 23 28 8 1 1 38
08-Aug. 13 5 2 1 21 16 1 0 1 18 29 6 2 2 39
09-Aug. 7 5 4 2 18 11 2 0 0 13 18 7 4 2 31
10-Aug. 8 3 2 1 14 14 0 0 0 14 22 3 2 1 28
11-Aug. 7 2 0 1 10 12 1 0 0 13 19 3 0 1 23

Total 369 46 16 8 439 204 13 4 1 222 573 59 20 9 661

_80_



022. Jul 823. Jul 227 Jul m29. Jul 030. Jul @31. Jul ®5. Aug 26. Aug &7. Aug 8. Aug 59. Aug 010. Aug B11. Aug

40
Female
/7]
p—
o]
e
E s 000 000000 000000000 ' 000
= e £m -
-
ol
£ ¢ d
. Male
(o]
)
Z
1gp2pat 12ty GoedhEerrrraa
— - AN e e
c d

Wing wear condition

Fig. 23. Male and female wing status by observation date of Hipparchia

autonoe on Mt. Hallasan in 2014.
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Fig. 24. Estimated number of individuals of male and female Hipparchia

autonoe in 2014.
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Fig. 25. Male and female survival and addition rates of Hipparchia autonoe in
2014.
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Fig. 26. Male and female death rate of Hipparchia autonoe in 2014.
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AT 715wl W2 QEA DAY Wl APt wWE A Feusa <l

A o] Aolrts AAAA West Ax s

R
30,
=
ki
=
i)
o)
L
L)
ki
30,

o13te] AHshe FEe wA Bl 2TH T ek F3) mAA el bl
% %

nge] FAH PEE Wolt A@Hunel A9 PR NHAE ol
o1t

AzEule] Fe) Bx eAobe] dejo], o}, dddF, T FHio|
B ATHSeok, 1973). FHE BEE BRAARAE, $4E) 943 AFE

ofatikd] s 1,300 m ol FAdlel AAshE A F(Park, 1969; JESRI,
1988; NIBR, 2012; Kim, 2012)2.2 $-glyglel = AlF27t L3 A2« o)),
REVNE Foll= A4EE A AFA FS5Ae] A7 Fe] o AP

Fob AAEAY 7] Eo] ATHChoi, 2011). o= W¥E
o] 544 71FE B 9938 olsde FE AAY, AMF7IFe] ARIHAAY
8 HAS 7hs AR wiAE = }l7] wikel AHE das Helvh depit
AbFEun el B¥E dddE & 1,300 melAd ARE 71 (Park, 1969;
JESRI, 1988; Kim, 2000; NIBR, 2012)c] JUAIFF & A9 U LEoA = A

No| shols A ekgtth. o AEEhuAL AT # 9 ko] Algre] BE
Mol v Agor AoHAAL} AR Aoz B F Aok wad 5] depst

=

o

P FEHE 2 P26 1,300 mols HolAE ABATE A5 EAF

dahz ols] HAE el gA Bgsta A el 2
EHA7E Wolx a9l o™ (Parmesan et al., 1999; Thomas and Wilianson, 2012
) Fepqtell = = yn| o] Ex7F AA WA EESE ZEUH], dEUH] =

ez 20006 0] o] % S 1,700m o]l A dEE I 9o
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o5 Uut AA depdel mANA Hgae] AAE Aow dAEi 53
Fxgne AzEgue 44 Fo2 AAA 47} o]Feld Ao wuEu
A HKim et al., 2014a).

AT 2y g9 AdEsuynls & 6STHAIR FEHA=d A (Kim
et al., 2014b)e] MRRZA}S} Hlws] &2 uwf A2 AFEud] A+ Z27]= A
Ao oF 122 a3 AF%E Byl ofx 714 we ddadle] #A49
A2 9o AJAAA = HS AAdF A Zest o9 ddste] VAR
A RY 014dEe fFo] BE Ao xel wWEEel sl Wi A

of dEFS A MAF FAEAS HAL

(Konvicka and Kuras, 1999).

20143 sk AbEEupuie] Hit AELS B4 Jolly-Seber(1965)0 2] &
FAE Foz #FL2 AEVNE FYPHOE MAT FAS AYA = 2o
2 FAAR AA 2774 E YER o, bAlel A9 280U=E FAY 275U ET

=
0594%= 28 AEst= Aom Yo oA A+ aggFun et &
SHEA U o] Hl&] 1 Aoz yEyth fmolAe] dAg-E B Ui
Preclossiana eunomia S# 9] i -2 2.6%(Betzholtz, 2002), Zupn] =}
Erynnis tagas®] B+ F7 333, oA 23602 YEFE O™ (Gutierrez et
al., 1999) &= Un 3} Parides anchisus nephaliom= 7 82-14.1%, %% 9-30
Y (Freitas and Ramos, 2001) = ZAME QT 3 Ho A&7 Ab=5ud] 9
A5 1842 FAH ST melFun e A9 109, ZFUN| 2 Erynnis tagass

+ 8% (Gutierrez et al., 1999)= # oW, S&UN|I Parides anchisus nephalio
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eunomia YAl 9= L= XGd wiA FE3I Ao FHY dE A
E£4 MR e R AAA] Wstel thdo] dojit 10 Bk 235%9] A AA] 7}
Fastdvy. o1 A3} Proclossiana eunomia YR 7F A& o7 wrAE = 9l
MAA 7 BFHEA Hol Rk A AAALS BHAN, AT AT A=

B a3t 9t (Fowles and Simth, 2006).
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Chapter M. 3Ha}2F AFFEU ] A A% 24 AF

O

4

e T UL 259 T T Fof ZaaAE B wet HE v
Letourneau, 1982; Lawton, 1983; Altieri, 1984; Siemann, 1998; Siemann et al.,
1998). W3k 5] Al F FHEE AEY F FHE W ofyg 4
T MAF wat e AFH . Ads 253 4

W, Az vgds Fdl 259 dddE F4E 5 dtNovotny et al,
2004).

F+ IPCC(2014)°] 53k WarAelA 7|$®Wsh= Ak AdstEa 9le Enkol
oftel A A diF53 sl 24 AuSFHa JAHIPCC, 2014). o] g 7]
FHstE A=Fd AuA e Al AA 7 v AEodd #
25 opZIAN Y Bellard et al, 2012). &AM ANAN 2] Fre BA

e

o

=2 (1 AAE ol Fa 3

ol gwsle] W QA9H AAA £ AE Ere BRAded, dogA
B¥aE AR A% 2 FEdA gz 98T A1 o5 AE 2
2= ]
=

S AW N EELS A4 HFS o1 F =, ol
AU BEH7] T2 FHSHH, Aestd oz 2y HAA Ads Foll v =
g 2o wj¢- oFd}th(Lavergne et al., 2004; Sala et al, 2005). =, 7] 39| ¢FAA
of FAHAY A2A 7t FASHH, 71 A F A AAEteE Be AEEY] H
% 9dA o] =7}l (Thomas and Wiliamson, 2012). 182 & HE97|Foly
NAF7F A oFAZTES A TS HS AR AfHTh ol A= T
(ecocline)®] =T Aol s Fal= ofarildy
ZHAAL e Sl Al F-A B A Aoy A Hod ) etk
BAo] ok o= Eska o 7bA ArE mxd AEA S Shitol
(Kimmins, 2004; Tsuyama et al., 2015; Mathys et al., 2017). 33 -] i}z}kol A

NE

Akl BAG A9H AL

o,

ol
2
)
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71 918l Foll did RUEE 7%, AETA 72 FH, A 54 AT 5
o] dax|ojok (Ko, 2007). FAH = AEGAIAH S HES] H3l TofdE
RS 9w @3 e, A rERS whEo] I -desta v EE
7] oRAAE TH S AF e d9A fFgedew AAFTE 2A FoE0
FEA7 N A T IEFSNV] FYAE [93 AAdH Ee= A9A 3 s8cle
= A7 Z2A =5 o] A fFacle]l AAHAY ¢stHA S
B 7WhE Aol EEH I A fHvE e F& BESV] oRAAE IE
o8 o] A #AeEsta o AATE T3 56d FUIE B7] HES N
st k. wEkA EESV] oRAAE TS5 Wsle 2007 221, 20124
246, 20174 267F 2 S7FH QAL ol e HIE 20079 20F, 2012 22
L, 20179 26F 2 SUFESQITH(NIBR, 2017). ol#st W= 7|$wWst2 <lsh
AMAA AN W, AR V) FAE A AARe Foa "ol f7]d A3l
= Zo] F71EA7] W&ol th(Kindlmann and Burel, 2008). 33 gle}bile] 71 &

Wals AwmuNe} o] A PEE molt gRE UuHFE AAA

DN

e

2 AAA Bde e AT olFaAdd wE MAA ddde] Fast
A a1 5 ojoF dth(Schultz, 1998; Kindlmann and Burel, 2008).

kA ol Al fdsh Al sHeERtel vk sk AbEsue] B 9s] A
A 54, A B AT FH T8 EAste] AR BAS Qg VxR

£ Agstaz AAsd



]_

)

2
=

7hg

8
Ao 2

[e)
o
3

CR, EN,
b2

Fol w
[UCN}

S-® st
H o
H =
°
3N

]

A7
9]

7]

&3k EPA

1
.

}

171

<]

e
R4

01] A
9 73

A4 TUCN7|
|

A7) kT =
B3

7+ (Lee, 2011)°1A]

=
o]% Th&ol =

S
3|

S
&S

<

7}

T

jaci=y

AR SH(US EPA)A

9
T
T

}

2
=

[€)

s

EX, EW, CR, EN, VU, NT, LC, DD, NE<¢] 9
SRR

267
v’O

]

L

[€)
28

2011)el A

-

;g zH

‘ZI’]

A A
°] Z $1¥(threatened)?]
2}

Shell o

=
=

T

o}
i

] (Lee,

-

=]
RN

o
=

]_

34 2(NIBR, 2017)o1 4] WHA R
°
3 7}
7]

=|

-
T

2

= o]t
Al &gt A,
TEA A

[e]

]

Ry

Rk

1) A2 =Yy AT EPA 9744 H7 v

T AAA R A AYIUCN) 2 v =

TUCN9| ©E49]7]
Mel aFe= yHH

VU
o]

T ANy EE2 FA5 0 Ut BE 1(7]

oy

sl

1070 ] Wz F4Hm 7]

o

-

)

ok /\é

11709 W2 FAEY ~Ed

[e)

RE2(7]5-Het H

SE)

o

m
ce

el
o

E
N

o)

U
ol
o)
ze]
or
:IAﬂ
ol

A

No

pul

0

i

0]
pul

b1 9

O]

S
LS

7hell &
A U,

e

]

hEY

‘cq

o

=

A 7

171 918
MAA A WA A B

<]

24}

]
ﬂ%
el

)

—_
file)

.‘@

=K

.Ey

B
R

&
o
1m0

_92_

T A Ad

=

3}k

1

5

o]



2) AFEUH o AR 7 AAT 27 AF

Abesumle] JfAlwe] A= ChapterT o] AzARge o8] A A5E &

439 o (Table 11) o] & vlg oz FUE AL £33 Aae MES x5 x
7t Al gt o A Ea weks Al sk

3) EUHHE AA 75
m A&AQ RUEHAHS B3 AT wES #AsE
Z S A nmEE 19 F]), 29A(913

=2]

= WAeE &8skl HA

o]
%z A A8 % oA skl A s,

ft
o
r o
r—u
H
N
lo
BN
B>
NI
=2
k)

4) Ar=5uyr BA gt

Abz sy 89 7= ChapterlIoll A ZARE AL D A B4 2%
4N} & EQE A5 BAS fe 124589 AAAE B
A A S A T

AN

5 MAA A2 H7F € AHRA A9 HA
At EUH] 2 A AZAA H7= ChapterlI ol A ZAFE A 2% =719 71A
o A7), AE F5, AHS A ¢ FoE UEHYIE AZse] Ab=EEiii]

_(rQI_
o o]% @ AR FA RAHA A e AR A A5

_93_



1) A2 =Yy AT EPA 9744 H7 v

il

93ty RE1I~EE4

i
=

WA w7 A A o]

AL NOE RIS
Abst AR}l oA AA

e

3

3

EPA

s},

Sol e

N

7

!

‘?4

i

7}

24

]

e I
WA AbEELbE

1 (Lee, 2011) A =

[e]
2
fins

7}

g et 2ol AN

2

Oz

SRR

To-

T
s
0
il

N

BK

23!

oA et.

)

E X
- ’

A% A

Eis

F3ek A2

#9112

AA A AEA # ok

Eis

g A, 715 stel] o

o 3t ~E

o o~
- Xt

4

Aoz otAlo] FARTH A WMo @o

2I97] oHET =

2 HAV|IFE 45852 A

1=y

i

a3

M =F7]+= 54 mmeo] .

2008 ~2009

-
R

ik rEE U] 2UEHY 24}

e

= A7

b
- Xt

SRR

2] =
S

12 1,400 m ©]/FF-El A

9|

A kel ek

o

=3
Bl

1
T

|

A AT(Lee, 2011)0A

ki3

}A 2t ChapterI1 o] 4 A3

S

FA T

100~50070 A= H. 313
300070 A ooz ZALE] AP AGo} @ Ao

.
s

NA el =27
el S e

Ao A

=
=

KN
) .

-
R

& A ol A

FARE 50 Hell= &=

[

b o,

S

2 Hi

A5 = Kim et al.(2014a, 2014b)wF 217] =)

Eis

S o

AHAT

BT

=
=

2 yeht 7E dTsh 2ol

0|

_94_



o 2de AT As

d|

B

e
=

7= A ATl A

o

]

L
1l

~ 99

|

T

2

2E

T

X
N
B!
b

Ny

N
I
i)
o
al]

—

<

=1

!

=3

[©)

2 oF

o

3

o

.

o Az vEsit 537}

]

71E Aol A

The

2

b

A

3

1ol e

A
EEEE

3l u
T

R
5|

L
.

@ v 2

SIEER
b gloit A

1/

A

AdA 2EY L o

& Aol A

F ek (Vel)el

Y

eg A )
Act. A4
24

2

)

BN
i

&R

!
)

X

r

A

RE19

-
e

I =A et

9

Aol H

=
N

abE s o)

1

WHOoZ 7

B

S

o
Al
2]

R

$5tm A

e

(Vbh2), &4
S|

ok

=

208 o= &2

W tH(Table 18a).

[e)

R

8

)

APAFoNM = P oz

N A 7

ujZo ‘TP o

sl 217l

=

-

o

o] % 5}

2] 744
4 AaA 8

.

-

=

Aol A

O
il

FA T

°

o =

[ex]
AN

}_

= »y

°©

)

_95_



stz A3yAot

o}o} &

ul

ofe] 7pA xxle] ul

=

<3

7l

- ¢
1

e BAL ATl A

2
4/

—_

<

ol

oo
N

Mo

tol ApelE H o

5

2 By

ol

Nfo

b
ey
)
ﬁo
w5

Al
ol

X
B

Y

A Aol qAA o) g 75

nE JEET AL gee

=z =
===

s 9

JH

Jars
<
,.__AO
Ton

S

B AT

L

= T2 Fk(Ve2), 244

B A tH(Table 18b). wpehA A3}

=

=

UH], A A

237 o2 AdgATek Aol

ol 2]

I
o
.

%

)

7}

3

_96_



Table 18a. US EPA sensitivity assessment comparison(Module 1, Basic vulnerability)

Evaluation index

Previous research

This research

Judgment Score  Certainty research results Score Certainty
The size of the current population 100~500 2 Low(1) >3000 4 High(3)
Population trends over the past 50
>80% 1 Low(1) Unknown - -
years
Current Population Trend Rapid decline 1 Middle(2) Decrease 2 High(3)
Distribution range trends over the 50% or more )
) 2 Middle(2) Unknown - -
past B0 years reduction
e . . ) Need to
Current distribution range trend Rapid decline 1 Middle(2) . . 2
nvestigate
. Backgroung .
Current stress due to non-climate - - Decrease 1 High(3)
knowledge
) Vegetation
Future trends due to non-climate ) ) change and )
Stress increase 1 Middle(2) construction of 1 Middle(2)
wooden bridges
1st generation shift cycle <1 year 4 High(3) lyear 4 High(3)
Future vulnerability to sudden events vulnerable 2 Middle(2) Weak 2 Middle(2)
Future vulnerability to policy/ Very ] )
1 Middle(2) Weak 2 Middle(2)
anagement change vulnerable
Future vulnerability to natural stress vulnerable 2 Middle(2) Weak 2 Middle(2)
Total 17 19 20 22
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Table 18b. US EPA sensitivity assessment comparison(Module 2, Vulnerability to climate change)

Evaluation index

Previous research

This research

Judgment Score  Certainty Research results Score Certainty
Physiological vulnerabilit to Ver Need to
ySIoo8 Y Y 1 Midde® e 2 Middle®)
temperature changes sensitive mmvestigate
Physiological vulnerability to changes o ] o )
) o Insensitive 3 Middle(2) Insensitive 3 Middle(2)
In precipitation
Vulnerability to extreme  weather Very ) o )
o 1 Middle(2) Insensitive 3 Middle(2)
phenomena sensitive
Dispersion ability Lowness 1 Middle(2) Middle 2 Middle(2)
Specific habitat needs High limit 1 High(3) High limit 1 High(3)
Possible habitat loss due to climate . .
Almost lost 1 Middle(2) Some lost 2 Middle(2)
change
Habitats that breed together at the .
] ) Almost none 1 Low(1) Almost none 1 Middle(2)
rate of species adaptation
Habitat availability in new areas None 1 High(3) None 1 High(3)
Temporarily dependent on interspecies Moderate .
} ) 2 Low(1) Lowness 3 Middle(2)
relationship dependence
Depend on other species Independent 3 Middle(2) Independent 3 High(3)
Total 15 20 21 23
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Table 18c. US EPA Assessment-Decison table(Scores and grades for Module 1 and Module 2)

Module Rank Abbreviation Score
Critically vulnerable Vbl High risk of extinction >18

) Near extinction risk, probable decrease in
Highly vulnerable Vb2 . 18-25

population coverage
Module 1 . T T .
Risk of extinction is not imminent, but possible
Less vulnerable Vb3 . . 26-33
if current population coverage trend

A relatively large and stable (or increased)

Least vulnerable Vb4 ) <33
population

o High possibility of extinction risk due to

Critically vulnerable Vel i >16
climate change

) Nearly at risk of extinction due to climate

Highly vulnerable Vc2 17-22
change
The risk of extinction due to climate change
Module 2 Less vulnerable Ve3 ) ] ) 23-27
1s not imminent
Least vulnerable Vc4 Low vulnerability to climate change 28-32
Favorable to climate . . .

Vcb Possible positive effects from climate change <32

change
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Table 18d. US EPA Assessment-decison table(Module 3: Vulnerability integration mtrix)

Vbl Vb2 Vb3 Vb4
Vol Vol Vo2 Vo3
Vc2 Vol Vol* Vo2 Vo3
Ve3 Vol Vol Vo3* Vod*
V4 Vol Vol Vo3 Vol
Vb Vo2* Vo2 Vo4 Vo4

*Vol, Critically vulnerable; Vo2, vulnerable; Vo3, Less vulnerable; Vo4, Least

vulnerable

Table 18e. Reliability evaluation (Module 4)

Score
Module3 Module4
Modulel Module2
(Modulel + Module2)
22 23 45 High

High > 45; Middle 33 - 44; Low,20 - 32
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Chepter IT9] A4 ZA¥E BEUZ a5y a7|E Ags] 2 EY
dAel v, deojde] dxEet sfAle] A7) Fol wef oo L= AaEs
v AAFE 24 vergnh A EUW Y AAFE A H(Kim et al,
2014b)eF = Aol A3 25 10070A] ol dew 7HE AL, AzAske] A
APATof A A3 25 500704 o] el o, dHe]l A Ay Ao =
LOOOZHA] o]/, ¥ A5 8007HA o] o g FALEo 7Hd we AAF7E &2
H A tH(Table 13). WA o] A2Alol= Hol A=l Hede] "7t vhop A
=5UR e Holrt BEeto] JfAGTE A Aow AZHW, MAIA o]zt X
grlo] A7} Folts AHeAE HolAEo] M H3] FHsta o

of wEH o At MHe| 1Y AFgE ez

2 gase A PR mheba wolABe] ERaree Az el
Wl wx] o AAETI) o] oA HW BEF wF WA Hojx7] o
wol ArjHow zEy AAFE 44 2a® Aow oZHd
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Fig. 27. Distribution situation of Hipparchia autonoe population in 2014.

Red circle, Natural habitat; Yellow circle, Damage and restoration area
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wowg AZGAL 300/ = B X2 2 4 H(Table 19).

(1) 14A(F9)
1A= o] dAR Abasud] JhAE b7 A= Aes g4 s

=

Hl o] M A A F 7hg vb2 Adel slew JRAL 2

vk 2Ean H fAE e A Fo] & Aom yEh &5 o] X HolM
H7F AS dad A9 A94 LEe] T E TheAde] 2 7
AP RREel 7] witel o MR ek del Holdq glow BE XA o]]elnt
AMAE o AFgolmz A7|Hl BUEHYol Had A dola 20744 o] st

= A 194AF2]) 480l Hasttta Azeth(Table 19, Fig. 28).

(2) 24 (4 1)
A= Fo] GAE doA AFGAR e SrdAelw AT AV &
714 A A7 2EAA ] i AeS dtal giAS vhdsks DA ol
%

% AT/ BIL 24 92 2449 5 444 @

(3) 39 ($1%)

37l AnWAE dold wAS % dA el Baw wAR AR
Wi 49lel Hie EAbSE B4l Wesk, AzaAS dulshs] Ad oAl
b Besith 39 ol o] Zast BARS] A4A HAL e B
A9l LEASe BE 47 Wl uud ATt Wad Bl £

olN

As 9gh A AR B FA G e wHolAE A AAANE AA,
AR FReR S 2 FAAR sl o dARE AZET(Table 19,
Fig. 28)
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(4) 42 A (A7)

4t A= Tl Farh AAstr] el 2 rjde] dast, MAA 9 B
Gotell oidh Aok AAA We AAY 2= 748 Td o3 ¥dste] A& A
5 7les % A4A WA desta AzEn. RATe] 44 vddE 5
stz g AAA Q24 strek AAAS] H7FE A7 AS5HA EYEH]

g g strtar AZEtH(Table 19, Fig. 28).
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Fig. 28. Setting monitoring areas for conservation of Hipparchia autonoe.
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Table 19. The decision method of the risk factor

Section o
Level . Decision factor
(Altitude)
Yeongsil is the lowest habitat among the Hipparchia
autonoep population of Mt. Hallasan and has the
Level 1 Yeongsil trail smallest population. In this survey, 20 to 50 individuals

(Attention)  (1500~1,600 m) were surveyed. Therefore, if the monitoring result is
less than 20 individuals, it is judged as a attention

level.

Seonjakjiwat is the most ideal habitat for butterflies. It is the

o widest alpine grassland in Mt. Hallasan. In this survey, 500
Level 2 Seonjakjiwat

] individuals were surveyed. Therefore, if the monitoring
(Warning)  (1,620~1,680 m)

result is less than 300 individuals, it is judged as a

warning level.

Witse-Oreum is an important geographic location as a
stepping bridge patch that migrates to an annex
Level 3 Witse Oreum habitat among the Hipparchia autonoep population in
(danger) (1,700 m) Mt. Hallasan. In this survey, 100 to 200 individuals
were surveyed. Therefore, if the monitoring result is

less than 100, it is judged as a danger level.

Janggumok is one of the main habitats among the

Hipparchia autonoep population in Mt. Hallasan. In this
Level 4 Janggumok

. survey, 700 to 1,000 individuals were monitored. If the
(Serious) (1,700~1,800 m)

monitoring result is less than 300, it is judged as a

serious level.

4) A sy B et

ChapterlI o] A3} stepib Ab=ESupv e 7~89o] LAst= 134 v olth
TORE 2-3¥ o HolAE F7] Ately ubg], & FolA 2Aldth &
M E FEEe] Erh AFS AAA FHeA Agsie Ao VHE
b de o] Fely|E stk abwEEun] AT FH AR A5 2k W

A wEEske] 7o) ek 849 o] Fell= AE ARG 1,850 mE o]

[e]
o
T A

BEel A4 AR xdE GrhEn AAFSuUels v E3 giREe dx4d v

= X0 wizhet vkg-S& Hola o (Kwon et al, 2013) Aoz %
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Table 20. Comprehensive evaluation of Hipparchia autonoe in Mt. Hallasan

Division Remark
Form of occurrence 1
Overwintering stage Larva(2~3 instars)
Male and female ratio 2:1
Ecology
Migration ability high
Possibility to transfer from
None
new places
Temperature sensitivity High
. Wind strength High
Climate
Suitable temperature range for .
. 15~25T
adults (C)
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Table 21. Conservation and restoration plans by each habitat

conser

Habitat type . restore Habitat threats conservation
vation
Place
Natural Recovery . e
hebitat hebitat Necessity  Possibility Factor Plan
Yeongsil O O O A Reduction of habitat area, human intervention Vianagement of food plants and Securing hahitat space
Changes in habitat environment and human
‘Witseoreum O O O . ) Management of food plants
ntervention
VEnsae 5 5 o Humen interference and the spread of Sasz  Planting of food plants and
i Reducti of sail habitat
Minchegani O O O o 50 exposed a Elimination of conpeting plants
Dongsan encroachment by conpeting plants
o y o Sail loss due to rainfall and snow, changes in ot ion and food plnt ;
Sarrgakbong Hahitat expansion ant menageen
hahitat environment due to vegetation transition
Reduction of soil exposed and the spread
Janggunok O O @) oo ] aa Elimination of competing plants
of Sasa quelpacrtensis
5 5 o Reduction of prey plants due to encroachment o of ing plants
Bangaoreum Flimination of conpeting plant
on the habitat of competing plants
South Wll o o x o henges i hebitat - enviomment - and - L o competing plants
on o an
tenmperature rise
Baengnokdam Human  habitat  interference  and  habitat
o O O ) Management of prey plants
east slop vegetation changes
Decrease in prey plants and increase in . o
Sanbeolreunae O O X Habitat nmonitoring
temperature
5 o o Changes in  hahitat environment  and rination of fing plarts
Baengnokdam x Flimination of cor
temperature rise e
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Fig. 29. Analysis of Patch network connectivity of Hipparchia autonoe in Mt.

Hallasan.
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2 oATE ghepibdl Ak U] Y WEtE e A AT oo
WE Fd JNATe Al-F A WstE Yol tow, H: JNAGFTE 5 A kA
N = 5N (Hipparchia autonoe) MA T A5 AA o] ASAL

QA 54 FEsa AAT FHATE B8 AAZlw He wANg

ol
ol
R
hasa
rlr
2

WA ghepsl yelt g A 20189 H-H 2020 7bA] 3zt K dEkl o
d 5HolA 987 A AEAMS ol&ske] FAGHT 1,280 m)ollA (&
1,800 m)= A #WME(1,950 m)7hA F 97F F3rel dis] Al FEE wet
S7bAA 9 5 m 9o vHle Ed AT E 7IEstE B 2 2 (Pollad
and Yates, 1993) ZA7F 2@ E A} 1t 5o B4 ZAH A8E vfgoz o
Y FAAEY, Y9 E o] $HEAS 2 YA g, TREASF NES
TAE AF, 5 EATF, FTHSFEAT 5 AFESTh ek g sd1,325
m, 3'#1,473 m, 3F1,655 me] 33l A dHolEEAL FAHzE A5t

SEEINELT

A A3 F 53 33F 9,9927HAI7E &1l on wd JfAF= eIt
(Papilionidae) 4% 2770Al, duv]Z(Pieridae) 2& 36370A], FAu4d]a}
(Silphidae) 4% 7071A], uJl*& 48] ZH(Nymphalidae) 18 848270 A, Z& 1]z}
(Hesperiidae) 5% 1,04570 A A t}.

Axd BAAI 2018 FAFAA = 24F 451170A1(45.11%)=2 74 @okom,
20194 28%F 3,30871#1(33.10%), 20203 9ll+= 26% 217370 A (21.74%) = 7} A&
B Upn) =
A AAAGe] oF 187%AE=E AASAAL, I tee ZHEPAURI17.7%), A=

=de BT dA =AM B2 2de B 2 29w

HF
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Be 8% gy, =AW Yaset 38 8% 08 tehd 6

o= & 19%F 165970417 33 o =A A Ue]9F g b UH| 7 W
AS Bt 9¥ole= MAF7E AAF 2olE50] 12 6337047 83 L

z
W AW G Yoasugl 22 Btk 590E 4 AL 10F 322

27 SPo Al SIA S E R 7 e =E 28%F 1,36670AI7F Sl s o =AIA
Yipelsh z8WEduzh $AsE 43¢ RS BRatel 49 9Ae B
FFEORE Jhe AEO R 21 T207MA 7 1o o] % E=A A U]
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Appendix 1. The number of butterfly Individuals monthly observed at each site in 2018

Section Monthly

Species name / Korean name A B C ) E F G T 1 May June July Aug. Sep. Total
Papilionidae & 3 1}H) 3}
Papilio machaon & g 1}n) 1 1 1 1 2 2 4
Papilio bianor #|W|}H] 1 1 1
Pieridae #u}u] I}
Colias erate =) 1 1 1 1 2
Pieris napi <3| 9 105 18 18 12 1 6 1 6 87 77 170
Lycaenidae 48| 3}
Plebejus argus ArZvlg- 1] 3 25 23 5 28
Chilades ~pandava 331252 01) 1 1 1
Nymphalidae ¥]diie) 3
Coenonympha hero =] 4 4] 8 24 8 21 11 34 130 225 11 236
Hipparchia autonoe b5 1H] 1 2 13 18 12 4 415 344 33 658 118 809
Ypthima multistriata 572 1 1 1
Oeneis urda 3732814 3 5 12 20 20
Aphantopus  hyperantus 7} 18] 91 35 28 41 10 668 280 960 166 27 1153
Melanargia epimede Z3Wir1}1] 33 59 204 168 98 45 142 154 6 167 685 45 903
Lopinga achine %<& 15 1H) 1 13 2 12 6 2 29 5 10 8 65 7 80
Lethe diana & Z154HH) 79 10 32 14 27 26 52 15 20 38 73 146 18 275
Parantica sita $9] 3 4 1 3
Kaniska canace 3021 %14] 2 1 1 2
Vanessa indica 2% A o] uhn] 2 2 9 3 2 1 3 7 1 10 10 29
Vanessa cardui 2t2-91 7 o] 1} H] 3 10 7 7 4 4 2 3 6 17 29 46
Argynnis niobe &7 3 U] 4 3 20 6 3 2 37 50 25 75
Argynnis paphia &< % ¥ U] 3 8 10 10 3 2 25 17 50 28 78
Hesperiidae @%1}8) 3
Hesperia florinda %% %144] 1 15 8 5 2 4 6 12 19 10 41
Ochlodes sublyalina 2173w S22 ) 1 1 1
Choaspes berjaminii 3222 Zn] 1 1 1
Parnara guttata =7 20 30 21 26 32 8 4 406 20 137 179 231 547
Number of individuals 83 124 333 415 367 241 166 1736 1046 20 341 2242 1512 396 4511
Number of species 3 12 12 19 17 15 14 15 16 1 9 16 19 9 24
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Appendix 2. The number of butterfly Individuals monthly observed at each site in 2019

Section

Monthly

Species name / Korean name A B C D E F G H I May June July Aug. Sep. Total
Papilionidae % %u}u]3}
Papilio machaon "+ % 4] 1 2 1 4 4
Papilio xuthus 2 % 1}4] 1 2 1 2 3
Papilio bianor AW v 1 2 1 3 5 2 7
Pieridae #vu] 3
Colias erate % 1}4] 1 4 2 4 3 2 3 2 2 2 16 5 23
Pieris napi % 3n] 9 11 15 10 7 1 1 7 10 4 23 26 17 1 71
Lycaenidae #Aun 3
Celastrina argiolus ¥2%-71n] 1 2 3 3
Plebejus argus FZLok- 144 2 3 1 4 2 6
Japonica lutea 225 An] 1 1 1
Chilades pandava 473712 5-A14] 4 2 1 1 4
Nymphalidae ¥]@u}#] 3}
Coenonympha hero =X 14| 65 65 247 92 76 29 151 137 33 688 141 862
Hipparchia autonoe &% 11] 6 13 4 1 116 113 165 88 253
Minois dryas =%1}4] 1 1 1
Oeneis urda 7341y 3 31 8 42 42
Aphantopus  hyperantus 7}2A 14| 5 19 30 23 24 7 1% i 290 91 381
Melanargia epimede =3 W& 1H] 87 123 204 30 40 33 154 47 39 679 718
Lopinga achine %215 1}4] 1 1 6 3 2 5 8 15 11 26
Lethe diana ™ “1°5 4] 67 25 13 9 12 18 41 41 1 3 34 7 59 54 227
Parantica sita ) 1 1 1 2 1 2 2 2 6
Kaniska canace 712444 2 1 1 2 3
Vanessa indica -3 74 o] 1}4] 3 7 6 6 3 4 11 11 6 22 13 10 51
Vanessa cardui 2t A o] 1}n] 4 2 4 3 1 7 10 3 3 3 15 13 34
Argynnis niobe &7 %] 13 20 69 22 6 6 55 31 6 79 130 7 222
Argynnis paphia &% %W U4| 2 8 1 4 4 6 13 19
Argynnis  hyperbius 9232 F ¥ 2 1 1 2 3
Hesperiidae ¥ %1}4] 3}

Hesperia florinda %33 }n] 12 26 22 11 14 8 65 11 131 38 169
Potanthus flavus 3 %2hd#un) 1 1 2 2
Ochlodes subhyalina 2173w 542w H) 4 3 2 10 1 20 20
Parnara guttata = %214 8 14 36 7 23 10 39 10 87 48 12 147
Number of individuals 77 243 318 673 240 221 150 €03 483 44 835 1099 1230 100 3308
Number of species 3 14 19 21 17 17 12 20 22 5 11 20 22 8 28
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Appendix 3. The number of butterfly individuals monthly observed at each site in 2020

Section Monthly

Species name / Korean name Total
A B C D E F G H I May June July Aug. Sep.
Papilionidae &% 44|34}
Papilio machaon & g1}n] 3 3 3
Papilio xuthus & %] 1 1 1
Papilio bianor #|W¥]}H] 1 1 1 1 2
Papilio maackii 2}¢A]#] U] 1 1 1 1 2
Pieridae 3 uu] I}
Colias erate =% 1}H] 1 1 4 2 1 7 8
Pieris napi Z34H] 9 36 11 3 6 8 13 8 17 17 53 7 [S7]
Lycaenidae ¥ A1} 3}
Celastrina argiolus %7 4H] 14 1 2 14 2 1 17
Plebejus argus 7+ npE- 2 1] 5 4 9
Chilades pandava 2~ A2 57 1) 1 1 1
Nymphalidae ¥]dihe) 3
Coenonympha hero =A% 4] 30 43 28 17 10 11 145 86 67 291 12 370
Hipparchia autonoe ba 5% 14] 8 1 4 5 129 107 232 22 254
Oeneis urda 73 2F M=) 3 9 1 141 134 163 125 288
Aphantopus hyperantus 7}2A U] 8 26 7 8 15 R 81 229 8 237
Melanargia epimede 3T v] 4 22 75 13 23 35 26 52 29 221 250
Lopinga achine &% 15 4] 6 4 3 10 3 19 1 23
Lethe diana ® ~1 5] 62 28 11 6 18 25 36 20 1 28 41 103 35 207
Polygonia c-aureum V%] 1 1 1
Kaniska canace 32 A141] 1 1 !
Vanessa indica 2% 3 o] 1}n] 2 10 15 5 1 2 5 4 7 17 14 47
Vanessa cardui 2F2-11 7 o] L} H] 2 3 2 1 2 3 3 1 2 13 16
Argynnis niobe &% X4 2 20 54 15 14 2 27 49 55 95 33 183
Argynnis paphia &% % ¥ 4] 4 13 4 1 2 9 15 18 33
Argynnis laodice 3% %R 1 3 2 3 1 8 9
Hesperiidae ¥ %113}
Hesperia florinda %2314H) 17 10 13 15 4 12 31 22 18 71
Potanthus flavus 3 <2-2-31}n] 1 1 1 1 2
Parnara guttata =72 n] 4 6 5 8 5 8 2 6 21 23 44
Number of individuals 62 99 1% 278 113 114 144 630 568 268 482 736 550 137 2,173
Number of species 1 11 14 20 17 12 13 19 15 8 12 15 17 7 26
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Appendix 4. Distribution characteristics of major species
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Appendix 4. (Continued)

Ar 2 5 U N (Hipparchia autonoe Esper, 1783)
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Appendix 4. (Continued)

7V & A U ¥ (Aphantopus hyperantus Linnaeus, 1758)
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Appendix 4. (Continued)

J&5 Y| (Lethe diana Butler, 1866)
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Appendix 4. (Continued)

= A B F I (Parnara guttata Bremer et Grey, 1852)
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Appendix 5. Dominant species
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