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F7E 5,000 FO %2 1 5 HFH5F(Chiroptera) 1/4 ©]7FS 4]
at= 2 EBFo|thWillson and Reeder, 2005). W ¢ A=, B33 @
5

2 ogeke] HES AT A Al B, grE 23S A} pAE
% X

2 O] ol (Microchiroptera)<  AHFA 07 o]

i)
2
30
X
1

(interfemoral membrane)©] 2+ e
FEH A2 ofF tefet WolE YERNY]IE Ftk(Hutson et al, 2001). ¢ Hehel
MAske B FE i Adsroksel &Hoh Ads=Eoly dyEE, A,
A= HA Sold A2 3cH(Kunz, 1982; Altringham et al., 1998; Kunz and
Lumsden, 2003; Patterson et al., 2003; & &, 2004). = o] &3 v 7ol o

& ERAAE SAED AR TE ddE wolw UAW, A4 3% 1% BFO

it

AL RS 5, 20110).

217V 8- (Miniopterus  schreibersii)v= 2910k, ol 7] BF 3 I} (Vespertilionidae),

FAE %, A, FH, 39, A9 59 5 A5 REATHEN &, 1989 &,

HoAFa ot ol & =0, v|uke) W(Sibynophis chinensis)> AT =7} =% 4]
o7 HEukstAlMdola, T NT-2l(Bombina orientalis)= ‘2R SHAA O TH(A Y} <,
2005; Kim and Oh, 2006; & &, 2010). 7ol =F(Capreolus pygargus)c
ShatE ko] vlsl] A o] #Fa, FRACEE ME 2 (Koh ef al., 2000; £



5, 2004), AlF5=F (dpodemus chejuensis), 2¥<F(Crocidura shantungensis) ‘&
T e FJay e @ 1A xpo]E Holal UTHOh and Mori, 1998;
Motokawa et al., 2003; Oh et al., 2013; 7 &, 2015). 27 AT-°l4, Mori
(1933):= AdAbael A A A A7 L2 R £ nipponat FAFSHAIRE 5578
(head-body length)s} lEke] 41 5 23 FelH Aolrh slo] AFERAR f
quelpartis) 2. "8 '8 3t A tH(Mori, 1933). 3 71(2015) AlFE Myoris & 4%l &
# QA7 Fal AFE Awo] swbe Avkel wd Aol = ARHo] AL

FESAA BAFATHORE Holsk 9 BT ek

Fig. 1. Distribution map of M. schreibersii in the world.
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= HISN, £(1981) diEE AdezelA ke e A4

= 71533t o] % <FF 5(1988), A b ¥H(1988)> AFE &s=olA 117k=t
B o] My S Baustd o, 2000 o] Fole AEHH o BHI|Fo)
1Tk 2(2002)= AlFEel z17heub el oby el 22717 kehuk (M.
fuscus) = A2 stE AoE HIAFGIoH, @ F(2007) s HET Y AN

3l WA A YGelA BEHR ferrumequinum), TR TAEFH (M.

)
i
2
B
K
> %0

stk B Jo er al. (2012) AFE EiF dASolA #ubH, SAnjsigautH,
HoUE T 23 55 2% VlsehdA A2k, et E 236kgl
o 22013)= ATE Ades=d JdF AAF= 57 A GeA <F 7
BRI, HAT ¥ 52015 AFE 7 AGlA 2,530 A5 7S
AA7EA AFE 217 gist AFE AdFs=ET AR TN A4
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I Az 9 ¥y

O

AT el A Zzketabae] dish A= 20149 3EHE 20161 487H4] A
FA 197 A, AAEZA 1671 A FE o2 T thFig. 2, Table 1). Al
FAox HWE, f9ds=(lava tube, LT) 137} A, X A]F=(cave encampment,
CE) 187] A, &l 2l 5= (sea cave, SC) 27l A, Hl(natural cavelet, NC) 27 =]

o]t}

N 126°45° 126° 126°15°

jL South Sea

33°30°

A

- Mt. Halla

O South Sea

0 5 10km

Fig. 2. Survey and collection sites of M. schreibersii in this study. Circles indicate
survey site of M. schreibersii. The number, location and type of each site are given

in Table 1.



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 O
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 @)
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.

2

, all abbreviations of site types are given in the Materials and Methods section.
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Fig. 3. The positions of each measurement of external morphological characters of M.
schreibersii. 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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Fig. 4. Finding and recording sites of hibernation of M. schreibersii. Circles and
squares indicate the finding sites in this study and those previously recorded,

respectively.
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HlEke Fote] o] ofsiRFo] F2E o] Ut A= ag H|E yio R EEd

UA oo, mel vk %o FHE dol Uitk Ak ow 71vhetEb

2 el tigk 71€ 714 W E(Wallin, 1969; Yoshiyuki, 1989; & 5, 2004;
d von Helversen, 2004; -, 2010)% thAZ FAFSES oW, AlFE g

AR Bojxo®m #EE 93t 54 Sl

(D)

Fig. 6. External morphology of M. schreibersii. (A) M. schreibersii found in natural
roost of cave encampment in March 2016; (B), ear and tragus; (C), hind foot; (D),

adult female, captured in June 2015.
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2. AFE 71 Al Ry 53

AN 17kt o) gk Aol BRIE as) A odoA AR 93

AT FRAGEANA) F 81/iAIol et 54 Aubi= Table 200 AAF whe} 2
o},

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

study
Collection site No. of individuals
Site name Site no.' Site type Female Male Sum
Albeolari-gul 2 Lava tube 17 5 22
Seotal-oreum 13 Cave encampment 2 22 24
Saesin-oreum 17 Cave encampment 23 10 33
Gama-oreum 18 Cave encampment 1 1 2
Sum 43 38 81

!, site numbers are same with those given in Fig. 2 and Table 2.

=74 A3, BWE 9.7-169g, Hit 12.62+1.700gC.Z2 FHFIS & 5 A,
Walker (1975)7} R.agk W5 o] Slglth. HBL:=  50.12-60.47mm, 8+t
55.54+2.408mm, TLS 50.92-63.50mm, F3F 56.63+2.235mmE  LERU O,

(2004)0] A|A1E HBL (47-57mm)$¢} TL (34-51lmm)x.t} thh 2 WIS w o)
ELZ 7.97-11.90mm, 10.242£0.715mmE .13, Trat 3.87-6.59mm2| ]l A
dAetil Pt 5.4040.568mmth. o]F Ao|7b A Hol2] 5292459995 LFER
T} FALS] Zo]i= 43.96-48.18mm=E =7 = o], Walker (1975)9 & 5(2004)°]

o ¥ e

21 el 219lth D35R (D39} D5E] HIE)2 140-170%, H i 160.6:4.792% = &

K

71 g3 szt 72171EEr 3 9] 52 (Macdonald and Barrett, 1993; & 5,
2004)S RolFal vk vk FolA E e HlES Fol wet thEd, b8 {3
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& AAste T8 FAHJ Aoz ARFE A TH(Struhsaker, 1961; Findley, 1972;

Norberg and Rayner, 1987).

Table 3. Mean and SD of external morphological characters of M. schreibersii

measured in this study

Character' n Ranges Mean+SD
BW 81 9.70-16.90 12.62+1.700
HBL 81 50.12-60.47 55.5442.408
TL 80 50.92-63.50 56.63+£2.235
EL 81 7.97-11.90 10.24+0.715
Tra 81 3.87-6.59 5.40+0.568
ETR 81 39.90-70.80 52.92+5.999
FAL 81 43.96-48.18 46.13+£0.888
Hum 81 26.45-32.07 28.88+1.227
D1 81 3.50-7.80 5.27+0.739
D2 81 38.15-54.06 46.54+4.994
D3 81 80.79-92.04 86.07+£2.392
D4 81 60.19-67.62 64.13+1.804
D5 81 49.45-57.16 53.62+1.673
D35R 81 149.10-170.10 160.6+4.792
Tib 81 13.98-20.39 19.11+0.897

1

, abbreviations of each trait are shown in the Materials and Methods section.
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3. AFE AYH E XY Ad ¥|x

A7rs Al eyt ke RHehE, 2010), A A (Yoshiyuki, 1989)
S vl st A= Table 490 A ASE wpe} 2ot

Table 4. Comparison of the external morphological characters of the M. schreibersii

populations of Japan, Korean Peninsula and Jeju Island

Jeju Island Korean Peninsula Japan

Character’ (This study) (Yoon, 2010) (Yoshiyuki, 1989)

n Range Mean+SD n Range Mean+tSD n MeantSD
HBL 81 50.12-60.47 55.54+£2.41 23 46.50-56.60 52.20+2.75 54 60.00+3.64
TL 80 50.92-63.5 56.63£2.24 14 33.75-51.20 43.44+3.97
BTR 80 90.48-120.52 102.16+5.12 13 64.40-95.44 83.31+8.85
EL &1 7.97-11.9 10.24+£0.72 25 8.85-12.35 10.22+0.95 54 11.56+0.86
Tra 81 3.87-6.59  5.40+£0.57 19 4.25-6.10 5.29+£0.53
FAL 81 43.96-48.18 46.13£0.89 25 45.50-49.55 46.90+1.01 54 46.95+0.82
D3 81 80.79-92.04 86.07£2.39 26 70.40-95.99 88.91+5.30
D5 81 49.45-57.16 53.62+1.67 26 47.80-58.14 53.54+2.15
D35R 81 1.49-1.70 1.60+4.79 26 1.33-1.97 1.66+0.12
Tib 81 13.98-20.39 19.11+0.90 26 17.45-23.00 19.96+£1.00 54 17.55+1.13

! abbreviations of each character are shown in the Materials and Methods section.
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ATE A shite FHe(H, 2010 BlwsklS W, HBLS AT%E HAd
(55.54+2.41mm)°] = FAh(52.2+2.75mm)E.t} 3.34mm FE ©] A, TLS
ATE AH56.63+£2.24)°] FHHFE H©H(43.44+£3.97mm)ETF 13.19mm F 5= o A3
1, BTRS AFTE AwH(102.16+£5.12%)°] S 5 ©H(83.3148.85%)H.TF 18.85%
A% o AA YERsTE EL, Tra, D52 AlF5% FYwko] shHte e Rt 0.02mm,
0.11lmm, 0.08mm A% t] At} whd D32 3dFE Fth(88.91£5.30mm)°] A5
T H9H86.07:2.39mm)E T 2.84mmyE ¢ A3, D3SRS IR F ot
(1.66£0.12)°] AlF% H=H(1.60+4.79) Kt} 0.06 B ZA YEFL S W, Hfcu> $HRE
T A9H10.56£1.05mm)°] AFE FHO.12+1.12mm)E.} 1.44mm FE o 2,
Tib+= $hFE A H(19.96+1.00mm)°] A% FHTH(19.11£0.90mm) 2.t} 0.85mm 3 =
o A

A 2k A7) AolE ¥l SDIE] S vlwE] & w(Fig 7), AFE 17t

S o] HB:= e A wkol] Hs] oF 6% %= A UEFS S W (Fig. 7A),
ELS AFE Hdo] shitx FAdrct 02% d% ZthFig. 7B). FALS AFE H
Rk e o] 1.7% d% ¥ & S B (Fig. 70), ¥H, Tibe] H

T AR dRke fwo] 4% A% ¥ AAthFig 7D). d¥ H ek} H
AFE v, HBE SHEE} AlF% ko] wls] A& who] 8% o]t ©f FTh

ot TE-SE F TR 12% o) ¥ A e tHFig. 7B).
A& A FALS AlFE-3ite Hekat A8 {ARE oFd= B th(Fig. 70).
A& HAeke] Tibes AFE-FREE kol Hl&l 8% o] 2kth(Fig. 7D). A4
ox AAAQN w AV|= A3 FJdbo] vt AR Y © A3, 2t
M AT o] dte Yaro o & S Bih

A7 = AAACZ 1709 olFoz FiE Hi=, A2 FH Wol
(geographical morphological variation)s YWEI= w2 AE=Fo =z d#A 3l
31 (Dwyer, 1963; Richardson, 1977; Wallace, 1978; Albayrak and Coskun 2000), &%}

=l wetA = AgA Wolet F4 polE Vvtew & ERAAE AGH s
ofstttal A|QEE 7| %= 3} Th(Maeda, 1982; Tian et al., 2004; Bilgin et al., 2006).
53], HESY Y 35 ol w¥ste AES M australiss o= A E st

3L S ™ (Appleton et al., 2004; Puechmaille et al., 2014), ©] o= -2 ygtE X
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=
ot

ofrloLe] M. s. fuliginosuss €A FOE FRSlordthE AL A7)

3 9ltH(Maeda, 1982; Tian et al., 2004; Mahmood-ul-Hassan and Salim, 2015).

115
103 108.0
0 100
< 95
a
« 94.0
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A. 75
Jeju Island Korean Peninsular Japan
(This study) (Yoon, 2010) (Yoshiyuki, 1989)
120
110 112.9
o)
<100
2 100 99.8
90
B 80
Jeju Island Korean Peninsular Japan
(This study) (Yoon, 2010) (Yoshiyuki, 1989)

Fig. 7. Comparison of SDI levels of external morphological characters among the M.
schreibersii populations of Japan, Korean Peninsula and Jeju Island. A, HBL; B, EL;
C, FAL; D, Tib. All abbreviations of each trait are given in the Materials and

Methods section.
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Fig. 7. Continued.

4. - Atol9] SN} ¥ v

FRE A7 SR FAM S " RG-S M ask 3 ti(Table 5).

=4d¥9 25 5 BW, ETR, Hum, Tib & F- Afo]ollA 2% <l 2polE B



TH(P<0.05). HFH HBL, TL, Body, BTR, EL, Tra, FAL, D1, D2, D3, D4, D5,
D35R, Hfcu= -7 AboloflA] -2t Apol= A ATHP>0.05).

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

M. schreibersii

Females Males

Characters' o MeaniSD o MeantSD P-value Significance’
BW 43 13.32+1.898 38 11.83£0.973  2.68x10” ook
HBL 43 55.7942.272 38 55.2742.557 0.338 n.s.
TL 42 56.67+£1.976 38 56.60+2.518 0.889 n.s.
Body 42 112.40+3.187 38  111.86+4.235 0.527 n.s.
BTR 42 50.42+1.272 38 50.60+1.240 0.523 n.s.
EL 43 10.15+0.792 38 10.35+0.608 0.199 n.s.
Tra 43 5.510+0.495 38 5.28+0.627 0.077 n.s.
ETR 43 54.52+5.614 38 51.11£5.976 0.010 *
FAL 43 46.12+0.911 38 46.14+0.873 0.943 n.s.
Hum 43 28.63+1.212 38 29.17£1.195 0.048 *
D1 43 5.21+0.740 38 5.34+0.742 0.428 n.s.
D2 43 46.77+5.064 38 46.29+4.970 0.671 n.s.
D3 43 86.4242.404 38 85.67+2.346 0.162 n.s.
D4 43 64.21+1.639 38 64.05+1.994 0.702 n.s.
D5 43 53.63+1.361 38 53.61+1.987 0.972 n.s.
D35R 43 161.19+4.204 38  159.94+5.361 0.244 n.s.
Hfcu 43 9.26+1.131 38 8.97+1.096 0.250 n.s.
Tib 43 18.85+1.021 38 19.3940.627 0.006 ox

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

?, meantSD values in the same row with different letters are significantly different at
5% (*) and 1% (**) significance thresholds, respectively. n.s. indicates not

significant.

_’]8_



BWoll Al ¢F71(13.32+1.898g)0] +71(11.83+£0.973g)ell Hlall °F 1.49g ¥ ¥R
(P=2.68x107), #°] Zolel tjst o]F o]l H|E<QA ETRS U7 (54.42+5.614%)
o] FA(51.11£5.976%)°l vlall °oF 3.31% A% © ZIthP=0.010). ¥+, AF¢ke] 2
O](Hum)> %1(29.17+1.195mm)°] +71(28.63+1.212mm)°l 4|3 0.54mm % Y
49 0™ (P=0.048), Fotdol Aol(Tib)eldE  F7(19.39£0.627mm)°] A
(18.85+1.021mm)°ll B]3 0.54mm F % © Z A THP=0.006).

BW HBL TL Body BTR EL Tra ETR FAL Hum D1 D2 D3 D4 D5 D3SRHfeu Tib

Fig. 8. SSDI levels of external morphological characters between both sexes of M.
schreibersii. Positive and negative values indicate female-dominant and male-dominant

characters, respectively.

A7 FAe] gk At - AP S A RT] ko] SSDIE AbE
sto] Ml ithFig. 8). ZAME T 18719 FHAE FTollA A A1 S (female
dominant) 4SS UEE F2L F 11719 FAo|loy, SAIAA FoAE
el = @42 BWeF ETRO|AT. #HA, 57 -4 Ql(male dominant) & 22
% 5719l ¥ Z(BTR, EL, Hum, DI, Tib)o]+=Hl, ©] 5 Hum¥} Tibol| A7+ =44
o7 Fo3 ztolE BAH.

G A Abolell A A A7) olds dEhE A AT (Fig. 9A)
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thell fawsks #lst AaKFig 9B), 680l wASHA Hashs Aol AL,

695 E 93 e WA 7S] wAE ], ket 68 el EArshEA

Hockman et al., 2009). %Uli% A 78 olF HA9 AF
+ FeoRE "ozt Ho®E, oiut FAF T A|Fo] FAeH HeE Zo=E
Holu, oo m} &R AFL AR-FAAQ FAANA AL

15

14

13
BW

12

11

Female Male

15
14
13

BW
12

11

Feb May Jun Jul
Month

Fig. 9. Averages (A) and monthly changes (B) of body weights between males and

females of M. schreibersii.
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At o A& A7] o] (sexual size dimorphism)e YEM = -9 FA
apol= WA ggolM o] A4, Yo e 9% AoR AdHIL THRalls,
1976; Nowak, 1994; Lee and Dominguez, 2000; Fenton and Simmons, 2014). T4
of M SE obzo] Aol wlal U = AWE wol], BF AW 7 Apolo]
A ARl A7) ZolE UERUZIE  $Hth(Peterson, 1965; Ralls, 1976; Nowak,
1904). A7FelA O] AREAY WAV B OFE FESPITS PAehe
Aol F GHe AHow el AYAI Ak olol Wl 302 HEof

AL A71= sk o7 v 544, 9 AR AAY

ol

2ol Rousettus, Myotise W] E3H o7|8rH 3} FTE5o4 RiE vl Slth(Myers,
1978; Williams and Findley, 1979; Hayssen and Kunz, 1996; Elangovan et al., 2004;
Fenton and Simmons, 2014). StA| 7t A|F% 717F=ers Heto| A= ETRS A9

e GASN PR SAH FATe] WAHA Gt FolA, FF o
g A5 doR & 45K A7t Bas 4
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<Abstract>

External Morphological Characteristics of

Miniopterus schreibersii in Jeju Island, Korea

Yeon-Ha An
Major in Biology Education, Graduate School of Education, Jeju National University

(Supervised by Professor Hong-Shik Oh)

This study was undertaken with the purpose of identifying external morphological
characteristics of Miniopterus schreibersii on the Jeju Island and providing
information necessary for the protection of habitats and biological diversity. The field
research was conducted from March 2014 to April 2016 in a total of 35 areas on
the Jeju Island, including lava tubes (n=13), cave encampments (n=18), sea caves
(n=2), and natural cavelets (n=2). According to the research results and the literature
review, the inhabitation of M. schreibersii was confirmed in at least 11 areas. M.
schreibersii bats were mostly in the form of populations of over 100 individuals;
however, separate individuals were occasionally observed as well. While their habitats
were lava tubes, cave encampments, and forests, large-scale populations were found
in the eastern and western parts of the Jeju Island. Among the measured
morphological characters of the Jeju population, most of them, except for the
head-body length, were similar to those of the Korean Peninsula population. By
contrast, there were remarkable differences in geographical morphological variation
between the two Korean populations (the Jeju population and the Korean Peninsula
population) and the Japanese population. The sexual size dimorphism in the Jeju
population exhibited the significant differences (P<0.05) in body weight (BW),
ear-length/tragus-length ratio (ETR), humerus length (Hum), and tibia length (Tib).

Among these, BW and ETR were female-biased, but this expression of BW was
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considered to occur due to the increased body weight during the gestation period. On
the contrary, Hum and Tib characteristics were male-biased. Through the research
results, M. schreibersii’s various habitats on the Jeju Island, including lava tubes,
cave encampments, and forests, were confirmed. In terms of external morphological
characters, the head-body length of the Jeju population was greater than that of the
Korean Peninsula population, but smaller than that of the Japanese population. The
sexual size dimorphism in the Jeju population was also found as well. These results
provide important information that should necessarily be considered in the planning
of the preservation of natural or artificial caves and the development of eco-tourism
programs on the Jeju Island. In addition, our results imply that comprehensive studies
on habitat distribution, geographical morphological variation among populations, and
sexual size dimorphism of M. schreibersii need to be conducted with the collection
of sufficient data from various regions in East Asia, including the Korean Peninsula,
Japan, and China. Considering the fact that this study is the first to demonstrate M.
schreibersii in South Korea at the level of populations, whose ecological
characteristics are little known yet, our results will contribute to better understanding

of population characteristics of M. schreibersii.
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