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Abstract: This study surveyed the altitudinal diversity and distribution of butterflies
inhabiting Mt. Jirisan. Field surveys were conducted thrice (May, June, and July) using
a line transect method along four routes in 2015. During the survey, a total of five
families, 58 species, and 769 individuals were collected. Of the species collected, the

majority belonged to the family Nymphalidae (28 species), followed by Hesperiidae
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(nine species), Pieridae (eight species), Lycaenidae (seven species), and Papilionidae
(six species). As for the individuals, Pieridae accounted for the largest number (333
individuals), followed by Nymphalidae (309 individuals), Lycaenidae (63 individuals),
Hesperiidae (33 individuals), and Papilionidae (31 individuals). A cluster analysis

performed on the butterfly species distinguished three altitude zones. The butterflies
showed different ecological traits in each of the altitude zones. Analysis of the altitudes
of the habitats of eight dominant species revealed that each species inhabited a
particular altitude. This study confirmed the hypothesis that continuous monitoring will
identify changes in the altitudinal distribution and diversity of butterflies on Mt. Jirisan
in response to climate change.
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212 T} (Kim et al. 1999; Kim et al. 2007; Kwon et al. 2010;
Kim et al. 2011).

7| HstE Q% BEE9] 44§ oy olF o
Aol ZRIE| T Q1O ™ (Parmesan et al. 1999; Warren et al.
2001), FH A E 2423} 9 7] k= Qls] LiH]
of e 1FE0 Fix ¥st 5 e S0 Ay
QIT} (Kwon et al. 2013; Kim et al. 2016). 7] 3} AL 2]
QoAM= 7)ol st Aol 233t F5o] 2x
A MAF7Y FolETHAL St (Franco et al. 2006;
Konvigka et al. 2014; Konvicka et al. 2016). T 7]-29] A

S HUH] HPATES SEAI7IAY S X719 HE
S AEAAEY H3tE EH& & 9.2 (Zografou et al.
2019), 53] L+ J—*}X]EHOﬂ/ﬂL P2/ U 7F LA
AN AR A, A4 i 97F HEE Ao ® o He 4t
of e AlolA F 22 /\1“1]9} 71%-0] AH/doll ofst
o] AA =™ (Storch et al. 2003), B A A, 1%, 7|5,
QAR o] AR L thepgel wlAl 3
239t @ A=0lth(Mihodi et al. 2011). A4 %] 2] zfo]e} 11
=99 % Lzo} 22 870 Mate] nfel Lhu)o] Friof
3 O] W3}kl Q1.0 ™ (Cerrato et al. 2019), YH]ES] I

R} TS, AdHE 5 A= QT (Choi

and An 2010; Kim et al. 2014; Choi et al. 2016; Maicher et al.
2019).
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Fig. 1. Studied sites on Mt. Jirisan, South Korea. The blue circle indicates the surveyed route.
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7S E-85to] 5 45FATH(Shin 1989; Kim 2002; Kim and
Se0 2012). LHH|7} A=W Fof-§ GPS= FHEE 7|55
H}. AR 2= E o]-gske] HH] 9] Aof mhE thefd
o} AL BTl

2 478 5 Sl F59 S O R Shan.
non—Wienerg]' Simpson THY = 2|49} Berger-Parker -7 I
2|5 AFE0E3 0™, AFE2 Species diversity and richness
ver. 4.0 (Seaby and Henderson 2006) =2 13-& o]-8o}
Ak = Fot AAleE ol 87t #HEA (PC-Ord
package ver. 4.0, McCune and Mefford 1999) ¥, o] A
A EA (Kim and Seo 2012)-7’]' T4 H]-&L v wslsit

23t Y D

1. X|2)Ak Lptlo] Chb B

A2t 47l Bz A ZAFEY F s 58F 769
AR L] SIssiet. o] 7hed] F4i U n
(Nymphalidae) 7} 28502 71 Wokow ofgo= o
L}H] J—]’(Hesperudae) 9%, 2] J—]’(Plerldae) 8%, B

H| 3} (Lycaenidae) 78, 2543 (Papilionidae) 630131
o} Rl g AU} 33370412 7P EeteH, ok
O = Y]t 309704, FAUH| T 63704, Eedibe|
33704, S|} 31707 <20 ATt (Table 1).

o ZA A ShIE gt AAA0] 915
B2 A B £ FS A P AL 1 1~4u+
22 22 e F2 Wol Ukt gAhe Holw 9]

(Fig. 2). & <=8 WA1G= SZ 8] (Pieris melete) 191
WA (24.8%), W 1= (Lethe diana) 957H1ﬂ (12.4%), BY
ZF3IUHH] (Pieris rapae) 8070A (10.4%), S =F HLH]
(Argynnis ruslana) 47784 (6.1%), L= H] (Collas erate) 37

Diversity and distribution of butterflies in Mt. Jirisan

Table 1. Number of species and individuals of butterflies at the
family level from Mt. Jirisan, South Korea

Family No. of Species No. of Individuals
Papilionidaae SZLtH| 1} 6 31
Pieridae 2ILtH|1t 8 333
Lycaenidae EXL{H| 1t 7 63
Nymphalidae H|&Lit|a 28 309
Hesperiidae Z&fLtH| 1} 9 33

Total 58 769
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Fig. 2. A rank-abundance graph of butterflies captured on Mt.
Jirisan in 2015.

A (4.8%) 2 015 5E0] 450704 (58.5%)S 2HAI5HATE.
@3 s mjEte 2 SolE E-2 31F ssTNA| (7.2%) &
Ureheh

SR 7ke] gt Aol A 3 A (Kim et al.
2015) M4 &= 8 ¢HF 359 Hl20] 29~30%°] Hl-&2
A5t 044 Aol GAFsHA AR F0] ARt B

T oj5Re] FL ARG R B ekt A7
Be £ A7) Ae Fct Fol gAo A
3 A9 gon, s AL A% Fo] A

rr

o9 Ba1, U 2] thRRO] FE-2 AASTT A A e
A} (Smith and Smith 2009).

47l 2 AL A3t A7 204 40F 216704, BEE
oflA] 35F 191704, C7HZ A 31F 221704, DA Zof|A]
29°€ 14170417} 1= AT}, T E 2|4 (Shannon-Wiener
Diversity) oAl A=l A 7 A bt om, o2 o=
D, B, CH = &2 2 Yt 45k A4+ B =7t 7
A Jehgton th2 o2 ¢, D, A% R &0 2 ey
(Table 2).
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Table 2. Summary of butterfly diversity and abundance from four
routes on Mt. Jirisan, South Korea

Surveyed site

Index
A B C D
Species richness 40 35 31 29
Abundance 216 191 221 141

Shannon-Wiener Diversity 2.97 2.62 2.39 2.78
Berger-Paker Dominance 0.20 0.34 0.30 0.21

A7 ROA FEALHH]7L 447Hiﬂi 7 o] HAES!
ok the o & WU 24704, S HUHE] 23704,
HiS=2IUHH] 1870 A, F-E5- U] (Celastrina argiolus) 137}
A <=oltt. BARA FEUHT} 647MA = 71 ol
A 2o 2 sl EuHE] 21714, FER ALY
H] 16714, ® Z15HH] 12704, =5 ubH] 10714 ol C
AR FESUHT} 667HA 2 71 Wol WA E Sl
The o 2 W5 44704, s S=2ue] 29704, ==t
H| 18704, QAU (Everes argiades) 9714 <=°]th. D
ZA=2of| A viF2lun|7L 297RA 2 7Y Eol WA= gl
theo s FE3UH] 17704, B 154 15784, S
(Libythea celtis) 13714, AAEUH] (Papilio maackii) 9707
ot

7 e Zo] YRt 115 1300~1,400m FHOR
27%0] WAR et th& 0 & 1200~1,300m 77 22,
500~600 m 17t 21&, 400~500 m 77t 19 <=o|t}. 7}
22 F47F ehd 5= 700~800m Ho 2 750] vF
A= 31,

A7 7 B2 IEE 500~600 m TS 95
HA 7 HAE Y T2 o2 1,200~1,300 m
1,300~1,400 m 77l A Z+2F 89704, 300~400 m 7t 82
WA ot} 7P A& ZRA17F vl A% += 700~800 m
o= 2770417 A = ATk (Fig. 3).

I FopRdS B 7] $915) Shannon Wiener (S-W)<}t
Simpsons D (S-D) A|5~& =415t (Fig. 4). S-W ST
A 219 1,300 m FOA 7 =2 2,98, 1,200 m 1F
oA 2.39, 500m FZFllA 2372 =7 UEFE 2™, 700 m
7oA 7P e 13002 YERdTh S-D EUHFA A
S 1,300m 77l Al 19.10, 1,400 m 7l 4] 8.39, 1,200
m A 7.42, 500 m A 7.18 2 =7 LERE o™,
700 m 7ol A 2,682 7175 WA e T (Fig. 4).
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Fig. 3. Altitudinal variations in the number of species (@, closed
circle) and individuals (O, open circle) on Mt. Jirisan.
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Fig. 4. Altitudinal variation in Shannon Wiener (@, closed circle)
and Simpsons D (O, open circle) on Mt. Jirisan.
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2. 1 Ld| o] MHE) £4

Ve FRO] FAEE B4 9ot FHEA
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AEE 50%2 ST 52 1% (1,000~1,400m) 7} 2702 L}
g W 2]ejte o] Nt FIRo] fAE EA A= 1L
TE A ukdsta s AS & 4 Sl
4@—1‘%“01]*1 T 3709 ko) STk UhH] 9] A8
E 4] (Kim and Seo 2012) Z}o]E EA5It} LS
X B T AR TREV T 9FS Hol it
Ao g dHA NA4-5 Aol o]-§5FTH(Kwon et al.
2008; Choi and An 2015). UH] &2 SHAE o] &3t A}
o TV (300~600 m) A BHAl vrH] 470 A, Gt
Al Y] 23704, 33 9] 22 U] 2897KA17F LT F
7k 315 (700~900 m) ol A SHA U] 67HA], HHA|
L] 1704, 3391 A U] 11670A17F et =2
A% (1,000~1,400 m) ol A EHEA L] 4570A, EHF
Al V] 9714, 3 9] 232 U] 27670A17F UEs T &
WA Y9 Bl&-2 1 e} FoldSE Fol Ay @A
L] 9] 739 N Irof mhE R A2 U] ggke

A A2] FQ1E o] 8t w4 At 2 Tk oflA A4l
HR7F F2 el s27iA], W2 U= 264704, 0L
Lol A AA1Z] 917t 52 U= 667Hiﬂ, W2 UH|= 57
WA, =2 oA AAR] ’ILP7E F-2 U= 176704,
W2 U= 1767041 = VRt W2 1 ko] Hsf Fxt

&, =2 oA A 212 |97E F-2 Fo] Hl-go] Ah
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Fig. 5. Dendrogram of butterflies from 300 m to 1,400 m on Mt.
Jirisan. The dendrogram was plotted based on the Serensen dis-
tance measure with the Ward linkage method.

Diversity and distribution of butterflies in Mt. Jirisan

Ao 72 =7 YETH (Fig 6).

Aol ThE ol HLlE AR A, W koA
A4 34704, DA 273704, A1 97RAI7E et
S Lo A A 13704, FAA 10471A], 332414 671
A7F ettt =2 Aol A @A 102714, EA14d 220
WA, 3248 87HAIZE UER T 2 aL=ol A DA

H| 9] Hlgo] W2 1kt F3t vk of Hlsf & UE S
™, Jia o s AT FA o] Hlgo] UA ekt
(Fig. 7).
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Fig. 6. Changes in the proportion of habitat breadth of butterfly
individuals according to the altitude. Wide: more than 3 habitats,
Steno: 1-2 habitats.
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Fig. 7. Changes in the proportion of food plant breadth of butter
fly individuals according to the altitude. Mono: larval food plants
comprised of one plant genus, Oligo: larval food plants comprised
of one plant family, Poly: larval food plants comprised of more
than two plant families.
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Fig. 8. Changes in the proportion of the number of generations
per year of butterfly individuals according to the altitude. Mono-
voltine: one generation per year, Polyvoltine: more than two gen-
erations per year.
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Fig. 9. Altitudinal distribution range of eight dominant species.
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Aotz AES50 A2 - Hert 2
TFH o2 FHLSHA BT Itk (Walther et al. 2002;
Parmesan and Yohe 2003). -4 &AL H] o]F4
L] 63%7F A2 H38k= QIgE A A17] o] Fo] LEhg o H
(Parmesan et al. 1999), 51|2} 5 UH] 39F0] AAIAE
200km O BE O 2 o555 ZRISHATH Walther
et al. 2002). *F5oNA 2] ZAPET QA FHA el A
sha, FHA Y= 571t (Kwon et al. 2010). 2 A
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gt Higlef whet EFES JFS W=t (Korner 2007;
Fiedler and Beck 2008).

B U] A A 1 9
F1 % 1,000m ©1%

A A AT ATt 22
7t Bt 145 m S-S

Jlm [“_Lu
:?l‘_‘,
mE



oM E 2= ¥o} Jeiet YAsh= R HEE e
(Molina-Martinez et al. 2016). SFA|TF AF7] 055 A4
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T} (Hill et al. 2002).
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Diversity and distribution of butterflies in Mt. Jirisan

Appendix 1. List of the butterfly species collected on Mt. Jirisan, South Korea

Family / Elevation Ecological traits
Scientific name Korean name

L M H DT HB FB GN
Papilionidae S| 3}
Parnassius stubbendorfi LAIL}H| 3 W Wi M m
Byasa alcinous AFSER|H| L] 1 W St 0O p
Papilio machaon A SELHH| 1 W Wi P p
Papilio xuthus S| 2 1 W Wi 0 p
Papilio bianor HH|LH| 2 W St ) p
Papilio maackii APR[H| L] 10 il W St 0O p
Pieridae S|Ltd| 1}
Eurema madarina SlE==ya ] 16 S Wi (0] p
Eurema laeta S| 1 1 S Wi 0 p
Colias erate 2| 22 3 12 W Wi (0] p
Anthocharis scolymus ZL2|LHH] 1 W St 0 m
Pieris rapae HY = SILHH] 73 3 4 W Wi 0 p
Pieris canidia CHEESILEH] 2 1 2 W St 0 p
Pieris melete ZEEILH] 77 37 77 W Wi 0 P
Pieris napi E3|LtH| 1 N Wi (6] p
Lycaenidae ELMLIH] 2t
Favonius taxila A= MEHLH| 1 1 W St M m
Rapala caerulea HEXLH| 1 W Wi P p
Lycaena phlaeas M2FSETLH| 1 1 W Wi M p
Zizeeria maha HURFLH| 2 S W M p
Cupido argiades UHETLIH| 18 1 W Wi 0 p
Tongeia fischeri HE L] 1 W Wi (0] p
Celastrina argiolus SEEHMLH 14 5 17 W Wi 0 p
Nymphalidae 2Lt 2
Libythea lepita ZLHH| 15 7 6 W St M m
Argynnis laodice SIEHHLIH| 2 5 W W M m
Argynnis ruslana S EEHLH| 1 1 45 wW St M m
Argynnis anadyomene TETHLH 1 N St M m
Argynnis paphia SEHHLH| 1 6 W St M m
Fabriciana vorax ZISHBEHLH| 1 2 w Wi M m
Limenitis camilla ZLtH| 2 1 W Wi 0 p
Limenitis helmanni HY=LH| 1 2 W Wi 0 o
Neptis philyra M|ZSLtH] 4 5 N St O m
Neptis sappho O 7| MIZLtH| 8 5 2 W St P p
Neptis pryeri HEFO| M| ELIH| 1 W Wi M p
Neptis ilos ASEMIE L 1 N St M m
Araschnia burejana HPEZ2H S ZLIH| 1 7 N St O p
Polygonia c-aureum Lty 8 W Wi M p
Kaniska canace HOAML 2 1 2 W Wi O p
Vanessa indica S o0 |LtH| 1 1 2 W Wi P p
Apatura iris HIH @ ALHH| 7 N St M m
Mimathyma schrenckii SOHLHH| 1 N St (6] m
Hestina persimilis SuiQrat tH| 1 S St M p
Ypthima argus OS2 ZALIH| 6 W Wi 0O p
Ypthima multistriata S4LH| 4 1 W Wi (6] p
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Appendix 1. Continued

Family / Elevation Ecological traits
Scientific name Korean name

M H DT HB FB GN
Erebia wanga Q=0|K|ZALELIH| 2 N St P m
Coenonympha hero A X ELH] 3 W St O m
Minois dryas =S L] 3 W Wi 0] m
Lopinga achine =L S| 6 W St (0] m
Lethe diana H)SLH] 40 48 W St 0 p
Melanargia epimede A 3|8 =LHH| 19 N St M m
Mycalesis francisca EXALELH| 2 4 W Wi 0 p
Hesperiidae TELH| 2}
Lobocla bifasciata SEELH| W Wi 0O m
Daimio tethys YN = | 1 W St M p
Erynnis montanus CUE L] 2 7 W w M m
Carterocephalus silvicola SEQretIiat H| 1 N St 0 m
Thymelicus leoninus ESN0FHZLH| 4 1 W St 0 m
Ochlodes venatus S EMSMTELIH| 1 W Wi 0 m
Ochlodes subhyalinus RN HSHIZLH| W Wi 0 m
Ochlodes ochraceus A2HHSM L 1 N Wi 0 m
Parnara guttata S| 8 S Wi 0 p

Elevation L: Low elevation (300-600 m), M: Middle elevation (700-900 m), H: High elevation (1,000-1,400 m)

Ecological traits DT: Distribution type, W: World wide species, N: Northern species, S: Southern species

HB: Habitat breadth, St: steno, Wi: wide
FB: Food breadth, M: monophagous, O: oligophagous, P: polyphagous
GN: Generation number, m: monovoltine, p: polyvoltine
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