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Fig. 1. Distribution map of M. bombinus in the world(http://www.iucnredlist.org/).
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Fig. 2. Survey and collection sites in this study. Circles indicate survey site, and
dark circles are collection sites of M. bombinus in this study. The number of each

site are given in Table 1. All abbreviations of site types are given in the Materials

and Methods section.



Table 1. Location and type of survey sites in this study

. Survey site Site type
Site no.
Name Location LT SC CE NC

1 Uitbeolari-gul Susanri, Seongsan-eup, Seogwipo-si O

2 Albeolari-gul Susanri, Seongsan-eup, Seogwipo-si O

3 Micheon-gul Samdalri, Seongsan-eup, Seogwipo-si O

4 Miaksan-gul Topyeong-dong, Seogwipo-si O

5  Daramjui-gul Saikdal-dong, Seogwipo-si O

6  Gaetgat-donggul Saikdal-dong, Seogwipo-si O

7 Gunsan Changcheonri, Andeok-myeon, Seogwipo-si O
8  Wolrabong Gamsanri, Andeok-myeon, Seogwipo-si O
9  Non-oreum Sangchangri, Andeok-myeon, Seogwipo-si O
10 Dongal-oreum Sangmori, Daejeong-eup, Seogwipo-si O
11 Songaksan shore Sangmori, Daejeong-eup, Seogwipo-si O
12 Songaksan Sangmori, Daejeong-eup, Seogwipo-si @)
13 Seotal-oreum Sangmori, Daejeong-eup, Seogwipo-si O
14  Dansan Sagyeri, Daejeong-eup, Seogwipo-si O
15 Gasiak Dongilri, Daejeong-eup, Seogwipo-si O
16  Noknambong Sindori, Daejeong-eup, Seogwipo-si O
17  Saesin-oreum Cheongsuri, Daejeong-eup, Seogwipo-si O
18  Gama-oreum Cheongsuri, Daejeong-eup, Seogwipo-si O
19 Igye-oreum Cheongsuri, Daejeong-eup, Seogwipo-si O
20  Handuel-gul Wolryeongri, Hallim-eup, Jeju-si O

21  Ssangyong-gul Hyeopjaeri, Hallim-eup, Jeju-si O

22 Hyeopjae-gul Hyepjaeri, Hallim-eup, Jeju-si O

23 Guem-oreum Geumakri, Hallim-eup, Jeju-si O
24 Bongseongri-gweoi 1  Geumseongri, Aewol-eup, Jeju-si O
25  Bongseongri-gweoi 2 Geumseongri, Aewol-eup, Jeju-si O
26  Dodubong Dodu-dong, Jeju-si O
27  Gwangi-oreum Yeon-dong, Jeju-si O
28  Seosambong Odeung-dong, Jeju-si O
29  Sameuiak Ara-dong, Jeju-si @)
30  Utsanjeon-gul Deokcheonri, Gujwa-eup, Jeju-si O

31 Buk-oreum-gul Deokcheonri, Gujwa-eup, Jeju-si O

32 Manjang-gul Weoljeongri, Gujwa-eup, Jeju-si O

33 Udo prehistoric site Yeonpyeongri, Udo-myeon, Jeju-si O

34 Udo-gul Yeonpyeongri, Udo-myeon, Jeju-si O

35 Udobong-gul Yeonpyeongri, Udo-myeon, Jeju-si O

The number of each site are marked in Fig. 2. All abbreviations of site types are

given in the Materials and Methods section.
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length, WBL)> HBL¥} TLS kst 7hs o] 83kt
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= w2552 ZAo](head-body length, HBL)
179 Qol(tail length, TL)
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= 7 WA E7FeRe] Zo](2nd digit length, D2)
= Al WA E7Febe] Zol(3rd digit length, D3)
= Y] HA E7Fehe] Zo](4th digit length, D4)
= oA WA E7FEFe] Zo|(5th digit length, D5)

Fig. 3. The positions of each measurement of external morphological characters.
HBL, head-body length; FAL, forearm length; Hum, Humerus length; TL, tail length;
EL, ear length; Tra, tragus length; Tib, tibia length; D1, 1st digit length; D2, 2nd
digit length; D3, 3rd digit length; D4, 4th digit length; D5, 5th digit length.
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Table 2¢] A|A] gt wle} o}

Table 2. Collection site and number of the M. bombinus specimens used in this

study
Collection site No. of individuals
Site name Site no.' Site type Female Male Sum
Albeolari-gul 2 Lava tube 12 12
Wolrabong 8 Cave encampment
Nonoruem 9 Cave encampment 6 6
Saesinoruem 17 Cave encampment 28 28
Gamaouem 18 Cave encampment 2 13 15
Igyeoreum 19 Cave encampment 3 3
Handeul-gul 20 Lava tube 15 15
Bukoruem-gul 31 Lava tube 30 3 33
Others 2 2 4
Sum 77 52 136

!, the numbers of survey sites are same with those given in Fig. 2.

ol

AR A A #EE HAuSFAatd] = A A= 10-1570A], A= 100704 ©]

W5 ol MY HREIE soleh. A=A

)
i)
32
K

A Avow

_’]D_



< 92 9ol o 52 22 A4, Ee 9
of 7k7k-¢-w, o] Awkigl 7o Ao] = UErskth(Fig. 4A). dHislE
= 5AF 02 F o] F(tragus) @t B ZH(interfemoral membrane) <10 €
A EAo o] g% 1 vk Wallin, 1969); & %, 2004; -, 2010). &
Suf b BERolA A Eo] 5 A9 FHo] Fa Fo] EHE o

AL, o]F9] Hol= AL 12 oo ®E YE O™ (Fig. 4A), E 9t
ol g2 "ol A= Ao Y Sl=(Fig. 4B) FHIE R ATh

A
lo
o
I
oft
=
rlr
e
offt

0@ 1z

2

30
9
of\
1o
o

©

Fig. 4. M. bombinus found in Jeju Island. (A), a group of M. bombinus found in
Saesinoreum cave encampment in December, 2015; (B), the posterior of interfemoral

membrane with its fringe of hairs; (C), an female pregnant in May, 2015.
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B Tl A "geol A o]Fo] Rk o], Eztu S1e] o, me] ] Rk, v
o] 2= A T2 FTuitk AR gt £/ 7lEe] Ha vk AlFEeA #
Ze sl auE e gEAe FHe VIS AR IIE(Walling  1969;
Yoshiyuki, 1989; & -5, 2004; Dietz and von Helversen, 2004; &, 2010)3} A3t
Az ERS

A irants e 5P u A4S 543 A= Table 30 A|AsHITE BW+
5.30-11.80g Atoll o, Hf 7.92+1.144gS YERY SITE HBL 38.79-52.20mm, 3
I+ 47.65+4.262mmE YERHSL I, TLS 31.14-54.60mm, *H 7 44.94+3.854mmE o}
EFUIITE TL/HBLS 94.57+8.690%% Z12]e] Zol7} we-w&F2 4ol 90% s
dE o=z oyt ELS 16.14£1.452mm, Tra: 9.89+1.143mmo| ™, ©]F 2
Aol7} 718 Aol 9] 50%°] /& *FAISFATHETR, 61.51+6.859%).

Table 3. External morphological characters of M. bombinus in Jeju island.

Trait' n Range Mean+SD
BW 121 5.30-11.80 7.92+1.144
HBL 133 38.79-52.20 47.65+4.262
TL 131 31.14-54.60 44.94+3.854
TL/HB 131 61.32-120.00 94.57+8.690
WBL 131 73.98-143.17 92.63+6.594
BTR 131 38.01-54.55 48.50+2.383
EL 135 12-20.94.00 16.14+1.452
Tra 135 5.89-12.91 9.89+1.143
ETR 135 39.92-76.87 61.51+£6.859
FAL 135 33.97-43.61 40.77+1.441
Hum 135 19.02-42.03 25.25+2.430
D1 133 4.06-8.61 6.40+0.772
D2 135 22.14-43.02 35.14+2.581
D3 134 34.65-71.14 65.34+6.019
D4 135 38.90-60.75 55.67+2.800
D5 135 27.25-81.94 54.72+4.098
D35R 134 63.31-261.06 120.15+16.379
Tib 135 15.42-30.02 17.87+1.437

1

_’]2_

, abbreviations of each trait are shown in the Materials and Methods section.
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o] F-o]F H]Eo] oF 60%E it 71E9 A A (Wallin, 1969; Yoshiyuki,
1989; & 5, 2004; Dietz and von Helversen, 2004; &, 2010)9} A4S Ao =2 1

2. AFE A9 B A JA va

ATFm Ao oF ey SAHAZAHE vE AY, (&, 2010), T
(Jargalsaikhan, 2016), ¥i-(Wallin, 1969)°14] Hi® 557 AP W9, ¥
1, 7101 B A F(SD)E o] &3t vl sl th(Table 4, Fig. 5).
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= A T(46.9+:0.lmm) L T vz, S 3 wH(42.89+£2.77mm) S
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(8.89+0.994mm) T} F= HTHO.1£1.6mm)> ThA A2 A4S HATHFig 5D). EL¥
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Table 4. External morphological characters of the M. bombinus populations from

Mongol, Japan and South Korea (Korean Peninsula and Jeju Island).

South Korea

Jeju Island Korean Peninsula M.ongol J.apan
Character'’  (This study) (Yoon, 2010) argalsaikhan, 2016) (Wallin, '1969)
n Mean£SD n  MeantSD n Mean£SD n MeantSD
(Range) (Range) (Range)
HBL 133 47.65+4.262 12 42.89+2.77 2 46.9+0.1 6 48.17+2.563
(38.79-88.75) (36.45-46.95) (46.8-47)
L 131 449443854 11  41.35+14 2 43.85+1.1 6 44.83+2.714
(31.14-54.6) (4.00-53.65) (42.7-45)
131 94.57+8.690 11 103.86+12.04
T/HB(%)
(61.31-120.00) (90.84-121.06)
EL 135 16.14+1.452 12 1491+1.74 2 15.05+£2.25 8 16.36+0.490
(12.00-20.94) (11.40-17.25) (12.8-17.3)
T 135  9.89£1.143 12 9.82+0.87 2 9.1£1.6 7 8.89+0.994
r (5.89-12.91) (8.6-11.7) (7.5-10.7)
FAL 135 40.77+1.441 12 39.69+1.7 2 40.65+0.7 5 41.00+0.791
(33.97-43.61) (37.05-42.2) (39.9-41.4)
D3 134 65.34+6.019 12 68.04+2.05 2 67.85+0.1
(34.65-71.14) (63.35-70.8) (67.7-68)
D5 135 54.72+44.098 12 54.41+1.66 2 49.05+1.1
(27.25-81.94) (52-56.8) (47.9-50.2)
Tib 135 17.87+1.437 11 17.03+1.06 2 17.8+0.37 5 18.60+0.962
' (15.42-30.02) (15.2-18.3) (17.8-17.8)

, abbreviations of each character are shown in the Materials and Methods section.

23 v dols yvehdl= kg Hol(FAL)SE Fotele] Ho|(Tib)e] Tl
et vlael A, FALS A& 3 th41.00+£0.791mm)¥} AlF% 3 h40.77+1.441mm),
= AT40.65£0.7mm)> A Z W3 FES Hgon, ke Ao
(39.69£1.7mm)> tE HoS5o] HlE] oF 13mmAE S T2 E I UN(Fig
SE). Tibx 4712 s FoA A& HAwk(18.60£0.962mm)o] 7Hd Hom, AF%
Hk(17.87+1.437mm), IS FTH(17.03£1.06mm), = FTH17.8+0.37mm)> A=
AR s JERQITE Anbd oz 23 o] dist 4 oA AT A

= Ao wls) ¥ & S BT

5
1.
e
)
e
i)
s
(i
ki
_~
-

5
of

_’]4_



105
101.09
100 98.43
S
= 95
=
v
90.01
20
85
Jeju isand Korean Peninsula Mongol Japan
(This study) (Yoon, 2010) (Jargalsailkhan, 2016) (Wallin, 1969)
B
105
100 99.76
100
97.57
o~
S
= 9
a
S 92.01
90
85
Jeju idand Korean Paninsula Mongol Japan
(This study) (Yoon, 2010) (Jargalsaikhan, 2016) (Wallin, 1969)
C
105
101.36
100
100
B
= 95
= 03.25
= 92.38
]
90
85
Jeju idand Korean Peninsula Mongol Japan
(This study) (Yoon, 2010) (Jargalsaikhan, 2016) (Wallin, 1969)

Fig. 5. Comparison of external morphological characters among the M. bombinus
populations of Mongol, Japan and South Korea (Korean Peninsula and Jeju Island).

A, HBL; B, TL; C, EL; D, Tra; E, FAL; F, Tib; G, D3; H, D5. All abbreviations
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of each character are given in the Materials and Methods section.
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Fig. 5. Continued.
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Fig. 5. Continued.
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(biogeographic morphological variation)= A= T Aol A 2let= & Apo]e
A9 FEid 2717 BEA Yeide e 28 tK(Thorpe, 1987; Wilson,
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/g2 Afolel osf e FEA <l zolE HolW, HE ¥fFet dFo A
Aol W5 Jeke] vl P& FopAal, 2P FES AAE FS U
Wt} (van Valen, 1973; Millien, 2006; White and Searle, 2007; Hernandez-Salinas et
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Ao wE 7] ol tfst EAEA A= Table 50 A AR o
By =49 H#S EH, BW, HBL, TL, WBL, D4, D5 S04 <t 3}
7

&
10

Arolefl -2 A 21(P<0.05) x}o]& H. a1, o] o] BTR, EL, Tra, ETR, FAL,
HUM, DI, D2, D3, D35R, Tib SolAE 242 Zo]7F LA Tth(P>0.05) (Table
5). AFs dmslsduAe] 5 1 Fu FAo A7) Aol AEE Gotr7]
Qs 37 A71018 A 5(SSDDE AtEste] vl w e thFig. 6). =AM 177H4 &
A FollA D35RS 2.9, ETRS -03°.2 39 #= Hol F7lo] & Ais B3
t}. 71 9] BW, HBL, TL, WBL, BTR, EL, Tra, FAL, Hum, D1, D2, D3, D4, D5,
Tib FAS2 4o #hs Hol oA FA1HQ A ool AEE A
AZBW)ol o] 4R BWE 825+1.262g% FH Y FA|(7.35+0.573g) H.U}
09g A% O FAR BWe| WH3tE AuRr7] flsto] SHE Fe BWE 49
ol #AT ANE R WA THFig. 7). dAH FRY ¥ ATl
A7 BW7F A Buk AA vERa, 53] bS] BW& 583 68 ARo] oA
A3 FHago] #FHUT o= AmAFAutH ] #F 7|to] s€eA 7€
Atolell HFEqler, o] 7|zte] #ze A MA=S dAld #dd A2 A
ZhEth, Azt AR o] 717F FF FARS vkl A oR FAHEE A dAE

3 w2 elA el Al71Se] W gl

ol
ol
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Table 5. Comparison of the external morphological characters between both sexes of

M. bombinus collected in Jeju Island

Character' Male Female P-value  Significance
n Mean+SD n Mean+SD

BW 43 7.35+0.573 77 8.25+1.262 4.71x10°7 ook
HBL 50 46.68+2.545 77 48.29+5.078 0.040 *
TL 49 43.67+4.670 77 46.03+2.851 0.002 ox
WBL 49 90.49+5.837 77 94.32+6.693 0.001 ox
BTR 49 48.16+2.696 77 48.85+2.117 0.129 n.s
EL 52 16.09+1.585 77 16.31+1.267 0.392 n.s
Tra 52 9.90+1.490 77 9.96+0.804 0.768 n.s
ETR 52 61.56+7.401 77 61.394+6.527 0.893 n.s
FAL 52 40.41+1.346 77 40.91+1.464 0.051 n.s
Hum 52 24.97+2.237 77 25.51+2.603 0.221 n.s
D1 51 6.26+0.689 77 6.44+0.896 0.220 n.s
D2 52 34.9442.912 77 35.11+2.311 0.719 n.s
D3 51 64.31+4.886 77 65.81+6.787 0.176 n.s
D4 52 54.4842.72 77 56.29£2.616  2.00x10* ook
D5 52 53.20+4.163 77 55.56+3.891 0.001 ox
D35R 51 122.33+21.532 77  118.76£12.602 0.238 n.s.
Tib 52 17.71+0.923 77 18.01+1.728 0.244 n.s.

1

2’ * and *F*

respectively. n.s indicates not significant.
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indicate significant differences at P<0.05, P<0.01,

, abbreviations of each trait are shown in the Materials and Methods section.

and P<0.001,
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Fig. 6. Sexual size dimorphic indexes between males and females of M. bombinus.
Positive and negative values indicate female-dominant and male-dominant characters,

respectively.
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Fig. 7. Monthly change of body weights in males and females of M. bombinus
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HBLS  F71(48.29+5.078mm)®] =71 (46.68+2.545mm)X.t} 1.6lmm U AL
(P=0.040), TLS 9H71(46.03£2.851mm)°] 4°7(43.67+4.670mm) ¥t} 236mm U 2
ATHP=0.002). & HA] ZdolE YEhdli= WBL Al 471(94.3246.693mm)°|
71(90.49+5.837mm) K.t} 3.89mm U] Z A 2w (P=0.001), /1S HF do]E YER]
= D49 D5olA], D4 9F(56.29+£2.616mm)°] T 7 (54.48+2.7mm2) K T}
1.81mm(P=0.0002), D5+= %1(55.56+£3.891mm)°] 4%1(53.20+4.163mm) X T} 2.36mm
o AA(P=0.001) JEIF= 5 AAAoz IR F7o vl =29 do|g my
o dol7} ¥ da1, &g "ol ¢ Kt s & 5 SAtK(Table 5).

TEY FAG GFAFol F A7(body size)o] ZFol7F UERUE A4 A7) o]
& (sexual size dimorphism, SSD)< X3 &=¥TF ofyegt FHF5E, offF, FA
F, 3557, &7 SolAE YERTGTRRalls, 1977; Parker, 1992; Andersson, 1994;
Issac, 2005: Cox et al., 2007; Kuo et al., 2009; Fathinia et al., 2012). X35 = A
A A7] o]yo] YEh= 202 4] 4 ¥l(sexual selection), 23 7]} M2 A
>, MAE BEe W3l 573k kst fqlo g MyEar §lth(Hedrick
and Temeles, 1989; Isaac, 2005; Lindenfors et al., 2007, Liso'n et al., 2014).
oMol A A7) ol HE WAAdE e Ay A E 1 vk AR
FoM F7lol ¥ & ABFe dAFYA A FHAE dustr] 93k A
Az AAS A3 ot d=Fo =z AQFE It (Nowak, 1994; Fenton and
Simmons, 2014). RFH )52 vtH 52 G 50| FH HlE] o & FFoR
A2 A7) olFo] yehdth SdmolA s AFH Rl

A
L S70] k3ol vla| gwal ZolRalls, 1976), A% HAe Fow 1FE 4

O:

olrt

metrida centurio

S E(Peterson, 1965), =242l A& =7] o]Fo] HUHY|E 33 tHLee and
Dominguez, 2000). 53], A =0] M2 7| FeSFoltd s Pk vt rellA
= AEY FFel diE #Ae VdEes A glom, TRk Fob BT 4o
S33kAl Fth(Fenton and Simmons, 2014). Rousettus leschenaulti®l 7)== 25
459 A& Aud G7iE FYola, AEHHR] HIA2 604l sk, 574
Ql HoldF2 75Y A% Fof 7hsshttal K 1% S th(Elangovan et al, 2004). ©]
Al v wo|FFe o]=2+ 7|to] XEf V|IF HUh

g 1 Agre] e qtd S Yuldtth 1o mlal] AnjsleduF e A7l 24 F
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o
o
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=
X
N
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30d AW ALY A A= s, & 7 A "Hok(E 5, 2004). =, =4
S AHolx 30Y ol oul= X, s= U olF, S Y Hol FEE A
Aokst= Aolth =, o] 7|3F wt YR Aol HoldFH o] oty S

F5E& flst Holdg, F= delA A7E dgal olEst/|E sk T (Myers,
1978; Williams and Findley, 1979; Hayssen and Kunz, 1996) A}4l°] H o] g5 Al7H
= AlgJetd AL B MRS A7I7F BolQle AEHIE gdstr] wtel A7E

A WE D AT Sfof gtk ol & ] A= Holdsel 3o
ARG ¥ =2 584 AAZE deskd, ArE vigd Al 77 4
A =i A Ad 5 Qe W wol Fast Jolv 53] Hha = Wy
s=017] wWEell, Holdey ool HEgHQl ngeEHEe = Sl e

s

k)
o
o\
)
>,
o
TN
o
Fu
>
17
o
]
offl
1o
fol
o
o
o
o\
)
>,
N
K

~

A f71el olsf S 7H€
Aol e FEs &9 T ZAoZ AFE S TH(Aldridge and Rautenbach,
1987; Norberg, 1994; Kalcounis and Brigham, 1995; Rainho et al., 2010; de

Camargo and de Oliveira, 2012)= Sturnira lilium % o] FH R H2 W2 o

AE 7HAH, o= WA7] &5 7] vdes s A7 Aol = A

S5 AlRFeFATH

ARAo® A AHQ] A 7] o]FS FAtolF Ho|&Fd Kol
gt ko g Mer o] whdst Azl waHch F5 A AIVEHZ A HHQ
HAE FA FFHAAANA A7 A7), AREE, Moy A 2QlE
st A5 =S FHsto] vludud, e AA A7) olge] A 549 A
T}

BHAE Bk FEe ol e ¢ = ARTF E Aotk

i,
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<Abstract>
External Morphological Characteristics of

Myotis bombinus in Jeju island, Korea

Seung-Gil Oh
Major in Biology Education, Graduate School of Education, Jeju National University

(Supervised by Professor Hong-Shik Oh)

In this study, the current state of habitat distribution and the variation in external
morphological characters depending on gender of Myotis bombinus on the Jeju Island
were investigated, and the morphological differences between the population on the
Jeju Island and populations in other regions were compared. The research was
conducted from March 2014 to April 2016 in a total of 35 areas, including lava
tubes (LT; n=13), cave encampments (CE; n=18), sea caves (SC; n=2), and natural
cavelets (NC; n=2). According to the research results on the habitat distribution, the
habitats of M. bombinus were confirmed in 9 areas (cave encampments and lava
tubes); no habitat was confirmed in sea caves and natural cavelets. Among these,
some habitats were observed in the form of clusters formed during the daytime on
the ceilings of cave encampments or lava tubes. Throughout the study period, a large
number of individuals were observed mostly in their activity period from May to
August. According to the results of the comparison of the measured morphological
characters among the populations, the head-body length (HBL), which indicates body
type together with tail length (TL), was slightly greater in the Japanese population
(48.17£2.563 mm) than in the other populations. The HBL of the Jeju population
(47.65+4.262 mm) and the Mongolian population (46.9+0.1 mm) were similar to that
of Japanese population. However, the HBL of the Korean population (42.89+2.77

mm) was relatively shorter. The TL of the Jeju population (44.94+£3.854 mm) and
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the Japanese population (44.83+2.714 mm) was slightly greater than those of the
Mongolian population (43.85+1.1 mm) and the Korean population (41.35£14 mm).
Overall, the populations of the islands, including the Jeju Island and Japan, revealed
a slightly greater HBL and TL than those of the continents, including the Korean
peninsula and Mongolia. These results suggest that the populations of M. bombinus
on the Jeju Island exhibit distinct characteristics of island population, through which
the body size of island population increases as compared to that of continental
organisms, in the long process of their adaptation to the island environment after
separating in the Jeju Island. When comparing the external morphological characters
between males and females of M. bombinus, significant differences was observed in
BW, HBL, TL, D4, and D5 (P<0.05). As female individuals have longer BW, HBL,
TL, D4, and D5, their body size and wing area were confirmed to be greater. These
results demonstrate that the female-biased sexual size dimorphism may be related to
feeding activity and improved flight ability necessary for the process of protecting
and raising offsprings. Therefore, sufficient specimens from various areas, as well as
the data of ecological information about the growth of offspring and breeding
activities regarding the sexual size dimorphism, may contribute to the explanation of
the correlation among geographical morphological variation, sexual size dimorphism,

and ecological factors of M. bombinus.
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