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Abundance and Population Stability of Relict Butterfly Species in the
Highlands of Mt. Hallasan, Jeju Island, South Korea

Sung-500 Kim, Cheol Min Lee' and Tae-Sung Kwon'*

Research Institute for East Asian Environment and Biology, Gangdong-gu, Seoul 134-852, Korea
'Division of Forest Ecology, Korea Forest Research Institute, Seoul 130-712, Republic of Korea

ABSTRACT: The number of mountain species that live in the highlands and are isolated from other populations will likely decline
because of global warming. The present study was conducted to survey populations of 10 relict butterfly species living in the highlands
of Mt. Hallasan, Jeju Island. Butterfly surveys were conducted for 6 years from 2007 to 2012 by using the line transect method. To test
whether relict species occur in the lowlands, we surveyed butterflies at 2 reference sites in the lowlands in 2012. All the 10 relict species
were observed at the highland sites, whereas they were not observed at the 2 lowland sites. Majority of the relict species surveyed are
relatively abundant, and the stability of their populations did not differ from that of other butterfly species. When we analyzed the annual
change in populations, compared to other species the relict species did not show any difference in population change. Hence, the
influence of climate change is not yet apparent on the populations of relict butterfly species. We evaluated the vulnerability of each relict
species on the basis of our results and occurrence data from South Korea.
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Table 1. Butterflies observed along highland routes (Eo-Limok, Wise-Oleum, and Bang-A-Oleum-Sem:; length 7.8 km during 2007-2009, 8.8
km during 2010-2012; a.s.l. 970-1700 m) in Mt. Hallasan, Jeju Island, South Korea. Butterflies were surveyed 3 or 4 times from May to
September each year by using the line transact method. Distribution type, R: relict species, N: northern species, M: miscellaneous species,
and S: southern species. Definition of distribution type is shown in the text

Species name Korean name 2007 2008 2009 2010 2011 2012 Total % D‘Sttry";‘:‘on
Papilionidae KA B ol
Papilio xuthus Sy 2 2 0.06 M
Papilio machaon AbS ] 1 1 1 1 4 0.13 M
Papilio macilentus Z1m A u|uie) 1 2 3 0.09 S
Papilio bianor AlwuH] 4 6 10 0.32 M
Pieridae Sy
Pieris napi =31 12 5 2 3 18 63 103 3.25 R
Pieris melete FEZ3LH| 1 1 2 0.06 M
Pieris rapae Ll Bat)| 1 1 5 7 0.22 M
Eurema laeta k)| 1 1 0.03 S
Colias erate L] 2 2 1 16 21 0.66 M
Lycaenidae B
Japonica lutea ZHIE L] 1 1 0.03 M
Favonius taxila AR A B L] 10 2 12 0.38 N
Lycaena phlaeas Aoz H L] 1 1 0.03 M
Lampides boeticus S48 -] 1 1 0.03 S
Tongeia fischeri HEZ L] 1 1 0.03 M
Celastrina argiolus Z2H )| 2 2 1 3 6 14 0.44 M
Plebejus argus Aol R U] 21 83 55 115 58 332 10.46 R
Nymphalidae ujdhu) 2
Libythea lepita i}y 1 1 0.03 S
Parantica sita 1B 3 1 2 3 1 10 0.32 S
Coenonympha hero A A U] 241 3 53 13 496 154 960  30.25 R
Lopinga achine Fuko 7] 3 9 6 87 47 152 4.79 R
Lethe diana W 15| 48 37 104 34 263 77 563 17.74 M
Aphantopus hyperantus ~ 7}2FA| L] 1 4 14 38 24 81 2.55 R
Melanargia epimede Z3 =] 13 140 4 94 2 253 7.97 R
Oeneis urda A AN =L} 1 7 2 1 11 0.35 R
Hipparchia autonoe A S| 1 17 15 27 25 85 2.68 R
Argynnis paphia S FHLH| 2 3 3 1 11 20 0.63 M
Argynnis laodice S ZFHUMH| 1 3 4 0.13 M
Argynnis niobe LA FHL| 8 42 13 12 16 91 2.87 R
Argynnis vorax 12 L] 8 5 1 5 19 0.60 M
Argynnis hyperbius orZ Ao L] 2 1 1 4 0.13 S
Vanessa cardui Ao mAo|L}H] 2 9 5 23 42 1 82 2.58 M
Vanessa indica oA o|LhH| 27 33 14 20 57 27 178  5.61 M
Polygonia c-aureum EliclgB ] 81 12 93 2.93 M
Kaniska canace Ao A A LH| 1 1 1 3 0.09 M
Hesperiidae Sy}
Choaspes benjaminii B e e R = g B 1 2 3 0.09 S
Ochlodes ochraceus AL g S gy 1 1 0.03 N
Ochlodes subhyalinus LA S ALl 1 6 5 12 0.38 M
Hesperia florinda 2] 1 1 2 3 0.09 R
Pelopidas mathias A\ mupE gt 1 1 0.03 S
Parnara guttata e o hial 4 4 1 2 2 15 28 0.88 S
Number of species 24 27 14 24 27 19 40
Number of individual 414 491 203 223 1316 527 3174
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Fig. 1. Abundance rank of butterflies counted along the highland (a.s.l. 950-1700 m) and lowland (a.s.l. 97-314 m) survey routes in Mt.
Hallasan, Jeju Island, South Korea. Butterflies were surveyed 20 times by using the line transect method for a period of 6 years from 2007 to
2012 along highland routes (7.8 km from 2007 to 2009, and 8.8 km from 2010 to 2012), and 4 times in 2012 along two lowland routes (378 m,
and 440 m). Butterflies were surveyed 3 or 4 times from May to September in each year. Details of the butterfly routes are shown in the text.
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Fig. 2. Annual change in the abundance (Z-score transformed) of butterfly species in relict, miscellaneous, and southern species. Definitions
for species groups are shown in the text. The line for relict species is a linear regression model for annual change in abundance (P< 0.05).
No significant trend in the abundance of relict species and southern species was observed in the regression analysis.
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Table 2. General Linear Model (GLM) testing the influences of
year and distribution type on population changes of groups of
butterfly species (R, M, S). The GLM was conducted 4 times to
compare annual population change between R and the other
butterfly groups. Distribution type, R: relict species, N: northern
species, M: miscellaneous species, and S: southern species.
Definition of distribution pattern is shown in the text

Sum of Mean

Variable af. squares squares Forp

Year 1 6.86 6.86  8.49 0.00
Distribution type: R, Others 1 0.00 0.00 0.00 1.00
Year 1 6864 6.86 8.44 0.00

0.000  0.00 0.00 1.00
5.82 5.82  7.15 0.01
0.01 0.01 0.01 0.93
2.33 2.33  2.79 0.10
0.00 0.00 0.00 1.00

Distribution type: R, M. S

Year

Distribution type: R, M

Year

_ == = o

Distribution type: R, S
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A YAt Heh= 7|3 Hstof| thefet Ml Al EE T
& IFo R RSt FAAR AES AX= Alo] v A5H
2 71 Aol 4, Fig. 3; Kwon et al., 2010).

Srepit - WIS 5 Ao ube] o Al ], 71t
AJLH] = = ol A Al o] aLA]efjof A ek I T Choi and
Kim, 2011; Kim et al., 2012). AF=5UH]=2005d9] 15 H
AR T £ 0 7 A3t £o|tMinistry of Environment, 2005).
B AP AT AU 85 7HAI(A A 2] 2.7%) 5 1AL,
7R U= 817]A(2.6%) 2 25-0] Wi 9= 1091 (A==

oN

150 r
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Coefficient of variation
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Fig. 3. Coefficient of variation for 6 annual abundances (i.e.,
number of individuals per year) in R, M, and S species groups.
Error bars indicate standard errors. Averages of the coefficient
are not significantly different among species groups (F ;, 24 =
0.023, P> 0.05).



)} 12294(7FRAIUHE) 2A = F2 AR 271 Blssst
I A= SHPAE AL Ati(Table 1, 7 =0.77, P <0.05).
2%22011d9] 7P 2okt 2008 ol = HHA E| 7] 9¥gle}. o]
e-2%0] Ho|AjHo| 719 e} PepbR R EAst] A
% o} Al 2J2710] 719] 2] 9] Ao|ck(Kim etal., 2012).
O3y F2 AFtedste] gsko & Z3t)(Sasa borealis)2)
A 97} hepitell A 7] SHEHA] o] o4& A
AA7FEo B Ao 25 TIAIREO] A2 18kl Itk Choi
and Kim, 2011). 124} §-E% M%7} A2 Cyperaceae) 2}
w}o] 2 HAE-S HolZ slal Q7] wj&of|(Kim et al., 2012)

Z3lt) o] ghibke i 2 vHFo] iAo S Hdst
SIS
T2 ge] HeHEel EAAYUHE 2 drkE 2w

(Kwon, et al., 2012)2 ZE 3] B 501474(1938-1950d, Seok
1973)0]] H]3| 2(1997-2011 )] M=+l 97} S
Z1 0 &2 VEPFTHKwon et al., 2012). -2 £:0] A|ZA] U]
oF FAYUHZE 4 FAIE Hol= 7R-E|(Choi and Kim,
2011) AL L] glo] Z713H BARS FujEe, of a3}
oli= wol = o] o] T 7isAo] 9ieh EAIA 2]
Ho A B2 7]og oly Hlg]| thE 2Z 0] Ho| A B2 7lolX]|E
(Setaria viridis) 2} sAR(Cyperus microiria), AN\ (Miscanthus
sinensis var. purpurascens), 3 ©|A}Z(Carex neurocarpa) ‘52
2 AA= AR 2] 2A|o|A F2 KI3ESL] ujio] Zdko] ek
= AA W=t vl $Ah= AR o] = A A 24
ol == E3z5k7] wfiZell(Lee, 1996), 2| 4tel=3], 7t s
QAUTE A A e o] 24| 740} SF3 FA] o] A=At o= Qlsf 7
Soflut il A ZAYSHA o] A=) 27k 250 74t 2]

2 &4 o] QJK(Choi and Kim, 2012). Z3U8|= A &
M 7=} ] W=7t Aol AR o2 At

5ol we]= o] Jlov] A= k] YAl JThKim et al,
2012). FFAHEELHE]E WEA oM s A o)
A F=E S5 Al 2 Exsh, 23U A 7]9L 7
YA Aol de] EEshH & 2l A Bl e RS0
2|31 Qlek 2 U] A 7123 A el A el &

T} glon, LEe UL A7), 244, $%, A Ao

% gebarel
G Ee %}?‘%ﬂ 4 XﬂToﬂf’J a4 BEIAL FRA ]
S O] Ao Bkl 9low] U B YRl AL )

713 Fhes el o] 2 S 27 RitiHill etal., 2001).
7| & g FE2 AAHET LA Ho A T ZgSHA HEr

YK Giddens, 2009). wabs] 7] A S SHapik AAFEo] A
T o] Alobrhin gl £ Ll AAlEe] S 9IS
= 7P 41715 Sl a”lo]ch BRlolA] AEEE-S 1040
B 6.1 kme] &2 EAFSIaL ltParmesan and Yohe,
2003). Parmesan et al.(1999)-2 -3-2}A]o} x| Hof| 4] 3259 L}
ulo] B2 BAS Au} Bkt Ao] 35240 km BAFSHG.0
™, Hill et al.(2001)> AH4E 0.5-1 kme] £ 7 UH| 50| &
R EE LT Ci EL RESESES PR )
B 60-90 m Y2 0]535}3 th(Konvicka et al., 2003). =] L
H] B2 217 5 B3| B H(Seok, 1973; Kim et al., 2012), NZ
of WAL W) gigkont o] BurabAAe 604
Zof v)af tfj=F48 km A= BANSFS tH(Kwon, T-S., unpublished
data). ©]Z12 A+t 0.8 km ] &= = EAF5EAL Q18-S o]t
o}, 9% ¥ 100 kme] 7] 9|7} tigk 1% 100 me] 12T}
Ueh 48 7RIS S-elu oA S 44 B 9l(E
= -v-:ﬁ)L 60'd Hof| Bl thek40-50 m P = 9= ek A
2 WA RE] A4ake Febit TA M= S%
EOI W2 UER A4l QLo U(Fig 1), 7]20] 27t SF
o) ialo] oA W} 5748 Aoleirie 1), S5
R%‘—Z}Oﬂ Pl 0] 2] A 509 ol g ik

S WA 1 e 20 e
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Appendix 1. Butterflies observed along two lowland routes (Andeok valley, a.s.l. 97-126 m, length 440 m; Donnaeko, a.s.l. 378-421 m,
length 378 m) in Jeju Island, South Korea. Butterflies were surveyed 4 times from May to September 2012 by using the line transact
method. Distribution type, N: northern species, M: miscellaneous species, S: southern species. Definition for distribution type is shown in

the text

) Aundance Distribution
Species name Korean name Total
Donnaeko Andeok valley type
Papilionidae sshi|xt
Graphium sarpedon A A v U] 3 24 27 S
Papilio xuthus S 2 3 5 M
Papilio machaon AFS | 16 16 M
Papilio protenor A H Y| 3 3 S
Papilio macilentus 17 2 A B LH] 1 1 S
Papilio bianor A8 UE] 2 24 26 M
Papilio maackii ARAE] L] 1 1 M
Pieridae Shvm
Pieris melete ZE8 U 2 2 4 M
Pieris rapae Ll Bl Bas)] 7 28 35 M
Eurema mandarina e S| 18 17 35 S
Colias erate -gH) 1 1 M
Lycaenidae B A )3}
Lycaena phlaeas AP S K AU 9 3 12 M
Chilades pandava AT E AU 3 4 7 S
Lampides boeticus EAE U] 4 4 S
Zizeeria maha R U] 11 44 55 S
Cupido argiades A E A LH| 2 1 3 M
Celastrina argiolus SEEH U] 9 15 24 M
Nymphalidae dldpu)at
Mycalesis francisca B AR L] 1 1 S
Lethe diana Y 15| 3 3 M
Melanargia halimede KRB 4 4 M
Minois dryas =5 2 2 N
Ypthima multistriata =4AH| 27 36 63 M
Argynnis sagana - U] 5 5 M
Argynnis laodice B ZEHLH] 3 3 M
Argynnis hyperbius AL EH L] 7 7 S
Neptis sappho ofj 7| A& 3 9 12 M
Hestina assimilis FRYE ] 7 7 8
Vanessa cardui Zr-2-uiAo|jy] 3 8 11 M
Vanessa indica U] 2 8 10 M
Polygonia c-aureum yjEku] 7 7 M
Kaniska canace A Al YH| 1 1 M
Hesperiidae Hehi| )
Choaspes benjaminii F 2T LT 1 1 S
Daimio tethys iz} | 21 15 36 M
Pyrgus maculatus g 2 2 M
Potanthus flavus DI ] 3 3 M
Parnara guttata S| 17 10 27 S
Number of species 28 25 36
Number of individuals 167 297 464
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