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BROEMEE, 1IIOREHEaVEY LIXRER-TKY, T 7avE]
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Abstract

The Akiyoshi-dai karst area is the largest limestone area in Japan, many caves of
which provide habitat for six cave-dwelling bat species. To reveal how bat diversity is
closely related to the natural environment such as fauna, flora, and geological
characteristics, the ecological traits of each bat species must be clarified, including their
population dynamics, longevity, diet preference, foraging behavior and local vocal
characteristic variation. In this study, I investigated the population dynamics, the roosts
and the nocturnal activity outside of caves of M. hilgendorfi, the night roost usage and
the insect prey of R. ferrumequinum, and the growth and vocal development of the two
species.

The population dynamics of M. hilgendorfi inhabiting caves were investigated by
bat-banding from 2002 to 2011. Over the nine years of study, I newly banded 492 M.
hilgendorfi individuals in the six study caves, and found that the number of individuals
observed in the caves began increasing in winter, reaching a maximum in April, and
then decreased rapidly in May. These annual population dynamics differed from those
of other cave-dwelling bat species. These findings suggest spring or repetitive
copulation of M. hilgendorfi. The maximum longevity observed for a male M
hilgendorfi was more than five years, whereas that of a female was seven years and 11
months. These are the first records of lifespan of this species. The population size was
estimated by Jolly-Seber method from 6 times of recapturing data in three caves from
February through May 2007. The estimated population size in three caves from
February to the beginning of April was estimated about 70 to 100 and immigrants were
about 22 per two or three weeks. Although the number of individuals of this species had
been considered the minimum among the six bat species which inhabit Akiyoshi-dai
karst area, this result suggests that the number of M. hilgendorfi may be more than that
of Myotis nattereri, whose population was thought to be the second smallest.

Two types of roosts, a perch of a tree and a house, used by M. hilgendorfi were
found outside of caves in the Akiyoshi-dai karst area for the first time in 2006 and 2007.
Two individuals of M. hilgendorfi flying in the broad-leafed forest were identified by
the camera-trapped images. One individual displayed hovering flight near the ground,
suggesting that this species use the low area of the broad-leafed forest as their foraging
site.

In R. ferrumequinum, one individual was found to have used an artificial building
and an electric wire as a night roost and the remains of prey were investigated from June
to July 2007. The results indicated that R. ferrumequinum mainly eat moths (75%) of



medium to large body sizes during the early summer. Additionally, unlike other areas,
small-sized moths and cicadas (7%) were included, while beetles were a few (7%).
Concerning the vocal development, the daily changes in frequency distribution of

vocal pulses during about 50 postnatal days in the two species were investigated under
captive conditions. In both species, the change occurred rapidly in a few days before the
infants began to fly. The FM sounds of infant M. hilgendorfi were changed into
broadband, short-duration pulses with the development, and reached to the same
frequency band as adult echolocation sound. On the other hand, the sounds of R.
Jerrumequinum changed from low-frequency, multi-harmonic pulses to CF pulses
including the pure tone portion whose frequency were slightly lower than that of the
adult echolocation pulse. These findings suggest that these bat species share a common
trait that the ability to emit the echolocation pulse is completed before on-set of flight,
whereas the pulse frequency of R. ferrumequinum will be coordinated more afterwards.

In summary, the ecological traits of M hilgendorfi and R. ferrumequinum were
investigated in this thesis, and the results revealed the population dynamics, the life
cycle and the habitat use of M. hilgendorfi, and the activity outside of caves and the diet
preference of R. ferrumequinum. In future, to clarify the life histories of the other four
bat species will indicate the resource partitioning of bats inhabiting here. Moreover, the
results of the investigation of vocal development suggest that the characteristics of
echolocation pulses are mostly completed before the flapping stage in M. hilgendorfi,
whereas regional variation in the sound frequency is constructed after the stage in R.
Sferrumequinum. Hereafter, the factors that form the regional phonic type will be
ascertained by tracing the changes in sound frequency of individuals.
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ayEe) &, FHESWEM, WILH, BEFBCRETL8HMORIFTHD.
EFHIT 18 F L116 FITHE I (Wilson and Reeder 2005), FHAIEDRNTH
2 L LERICEL LEZBEHEOO L S TH D, aVE VIO R CTHE—
HEZRAL, BEESTSICIIEMEThIza—ar—va v EEERLY
NUCETHEIETCND. ZORME =a—ar— a3, BEPLRD
DER, FHEEL LOCHKITBIOSRIL LIRS BEBEL TS (Kunz 1982).
ZREIZHLL, BF 2R AHFICOmEIETEavEVix, SEER
BEICEISL, TORMDBODTEHKTHS. 2 vV, BCLoTRER
Y, /B, MR EEZRRDIN, BITHLRERLZOMOTHEEYEE
HRENPEL, 2D 10%% ED TS (Hill and Smith 1984; A/ kU W A
1998). RBEDa T E Y IIKITHET, —BOFHEENLL, KED 1/4 025 12
DEDOEHREZER TS (Hill and Smith 1984). ZD 7%, -+ HHEOEM % HH
THEIBRR~OHREEDFEEICEL, ThdbOEFRCRETRERIREY
(FATFY A 1998). DX, BREa Y Y ITRYES FEE R
Pz EDTNS.

ayEVE, BFOEEALEET AN FEHENRIRSHOTRIT. T
A NV—A MIHFORBZAICNZ T, RELHERSE, LKL 2550
T, A, A0FNE, BHE, BhEORK, EOE, IHIZ, ThoDgEEE
PIL7ZBRELZHOAR, BR, i, P REDATITHLFAIND (Kunz
1982). &< Ic, REEOWAE, BREHC L & bICHAEN b &% 5B
Rz NVFZ—LipoTND.

avE Vi, BRECTANV—RNEFROFTA SA—ZX PEFIAL TN 5.
Z0R b, RENEEI% ORI R - KRB, 79/ Xx v F 7 (kb



FVENCERRTEREL, TOENORA - BHLTHEL, LEVH~E
S TRSDIEER) OLOOBMET, & AEMET ERRERR L)
ELCRIAESNS (Kunz 1982; A+ U A 1998).

A, SEBEOavEYRERL TS, Z05h, IWOROKES
Mg (Fig. 1) ik, RV VETE ; X7 7352y (Rhinolophus
ferrumequinum), =% 7 H 5 227% Y (Rhinolophus cornutus), E©EYnay
Y (Myotis macrodactylus), / V> y<El (Myotis nattereri), L&)}y
£ Y (Miniopterus fuliginosus), 7> 7 2% Y (Murina hilgendorfi) BX T 7
FavEY (Pipistrellus abramus) DEEPHERINTNS.

EREFENERRORKERIRTH Y, FHEE TITH 440 OIFEIHER S
nTn5 (Fig. 1C). ZhboDREER, = VEVICE > TRFRRSOERHL
TW5. KEBHIRIX, ERINCI-oTHEBEIZZ2IhTWS., ROBERERE
AREPB L CEEE ORBIRRTSWITHE S, PRIBOD 1500 ha (ZRBHERF O
TEDIEEILEE BB I RbhTna. 207, KOBIXFRIMOKELRIR
RZER CERREH) R EOTEY (Fig. 24), € ORI IKZEBAAK, 71,
FAHR ICHER TS, —F, BEORIX—HMIAKEIL LS & L TH
Aah, BENBH LS CATE#MG SEL TS (Figs. 2B and 2C). K
BEOEMMDEDIIFINEEER DY, FINBRCHHE-MBIER > TS, Z0
£ 91T, BERHIROBA T RBEREFT» O HFRE TEICEATEY, =
TEVICH LCEFERERREZREEL TS, LIL, ThboDREEZ Y
Y TERED L HICHAL TOEONERBEZRENBE.

ABZREO BEE, REBICERT S vE ) FEOLR, & ICEGHBRE,
TEE, B - BN, TFROMBERRLEEZHLNITIHIILITLST,
KEEHBEFFORE CERRA SN EHBGREZ DV E ) HOBEGEZEE
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L, MEBGHEO 2TV HORBE ZOREREHOLNNITHZ L THS. &
HIZ, AHUg S MHIRORR D a v E Y HPLENLDARE BTS2 LIC X
ST, aUvEVHEOLSMRREREIGRY, IVEROaVEIVHRICESTD
ZLTHD. ,

KGR0 BRI R T D 7o O DFEATIHRRD b, BEBHIRICA R T 5IREME
2 TE VEICOWT, 1966 FEn D 1997 F£F TOR LT 30 FiCbiz HIZHREM
BIEZ L OREND, EEBEBROEFMREPHALNIEIN TS (ERIEH
1969, 1998). F7z, ZhOZFHEOMARE OBAFFECRETE N, BEH
BB WNNTRIR L SERDRE L BRRICET 2BIRIC OV TIIEER (1972) IT&-
TELHbh, KEBRKBITDaUEY OO L U CEHMEX
TG,

LL, To7avEl (Fig 3) OMEHITELI DL, E2hHPHE
EHERER COFMRAERIHALICITW Y. AR, vrave U
ayE) T, PEIAE, ErIof ==t EREH, o 7RBIUHFRT
CTOTNEAWAR, 7V E'—Y =, Y o, mEE, BARIZHH LT 2 (Kawai
2009). 77 avE) OERMIIEZ VA, FHTHEE IR EEEID 2
(Tsytsulina 2008) 7=%, AREDFELVVERIZH LI SR TV,

TIT, AMATEIKERICAERT DT 7 avE) ofAkEESRELHACH
DFIA, BEORA - REHEE 2 EOREHRRAEICL - T, AEOAREETH
LNNCTHILEZEME TS, ZHDOARBHARSELNIE, MEDOZEN
HEMATHKERHIED 2 U E VHOFBIC OWTIHRED Z L RAREL 2 5.

A RORERNSGHETHD, bH) 1EOXI7 T2y (Fig. 4) 1%, F
gHY7agEYRavEI T, I—ay S EBBIOT 7Y hdkEHr o1 v
FAEES, $E, BE, BARICHFA L TEY (Sano 2009), KRGHTCHERE S



B UCIRA 2RI 5 R Rt 2 v ) Th 5. HEBRTIE, &
BOBEEHEBEBCEMEN, FREBPLMCEN (BEAR 1972; ERIEH,
1998; FEEAS - NH 2001), FESTOREORS HIZRT 2 EEEEROKED
BN L > C—HOEENBRESNTVD (BEX 1972).

LL, WENDOFTA M—X MIAZEDEX I TV 7 avE ) OREE
o, BETGET CORMEHEILH O MR- TRV, 22T, FFFETII,
AEDOFA MN—R FOFIAEBHEICOVTREE L. MEFBIABRL TN 7
BoayEY i, [RHEREE (—BRALRZVWbOLED) HESW &)
HEOEBEREFIALTRY, REOWAERE L L THRBYOBEEEEHICH N
BEZRIIL VWD LEExLNRD. —F, FEOaUEYIE, RJIHOEE,
RHFHE, TR VA, BERTR L OCRERIEZ Y, ThEhRis Ly
HboTWaEY), R—BRETCTHIATIBERIIEILICRRoTVDITTT
b5, MEBRKERTIaUE) OERBEHA, BHEKREZRBIRO 21T,
KEBICBOTEESHAA L CO2BELH AT EOEN, FAFMICERTD
avE ) OMEBEREALMCT B LITORNS.

a2 v Y ZFEORARXSCER GBS L ORELRNL, —a—ar—Tay
BALEBICEEL WS, Ty 7ayel) X s ivoavxe)nra—n
r—va RSV ARE, SRR EF TS, T rays)pra—n
r—3a VAR, BEBEENIES, SVAEREIVHOENER
(Frequency Modurated pulse, FM /UL RX) ThH 5. FM 7V R IIIRHEBD B
A E e s, TOREBEEIRNBPICI > CEETIEENTERED, Z0k)
REFERTHavEIOTa—al—a Y UAT AR, RESELREAR
A TFHEETD I EIERREZORPPOENERHT LI EITENTVD

(Fenton 1985). —JF, ¥ 7V FavEDxza—ual—i a3l VAE, Hi



BOEW FM HE2 o7, H+ IV BOMB IR VRO ER (Constant
Frequency pulse, CF XV R) ThD. ZOROETFRRAME BITH U THE X
s &, RARBOIXITTZ EIZT L o T CF HORBIBEFROKES O B LR
BIDEY, CF/XANVAREETIavEYOza—al— gy AT A, B
AR B OBRHBIZEN TS (Neuweiler 1984) .

UED X5z, aveVEOTRIITEI L IZHHEBARR > TVAR, b
FRENICHBENERSEFETDZ 08, W OPOETA SN TS (Jones and
Parijs 1993; Thabah et al. 2006; Yoshino et al. 2006, 2008). 7= & 2 iEX 7 H T a v
FY OFFO CF AW HUL, FEHE TIX 64~66 kHz, BKE £ Tid 68~70 kHz,
BEIREREBARTIX 67~69kHz, RIFRXIE TIL69~70kHz 72 L, & HURDE
BEHTIE 1~3kHz NIZINE - TV 3208, £2EOHIBEARZ BT L, Z0
FEIFIX6kHz L7025 (K 2005). Z DX 5 REFROERIE, BERO=
=r—a RREOBREBHRLTEY, BOoobE2REETHLEZZONT
V5% (Kingston et al. 2001; Kingston and Rossiter 2004). L7z743-> T, HulsfE AkRE
DEFOHFBIICOARRRECHEIST 2D EEINEFELLE LN,
ARBHOEME L FIRR, T OEPHIBRICHEIS T 5 OBEELREHTH D LHEE X
nd.

LL, avEIENTa—alr— g UV AERT AL, HAERIC
2 b TH BT, EHHEL & bICHET 5 (Brown 1978; Ribsamen 1987).
E, BEOT o n e AR DRI RO E S SEEE 5 2 5
EEZ B TEY (Matsumura 1981; Jones and Ransome 1993; Yoshino et al. 2008),
HURMEAREDETE ORKHIL, BFRERICE V KER~FER I 2 TEEENE
V™ (Jones and Ransome 1993; Yoshino et al. 2008). &< O avE VX, 4% 2~3

ERFEEE TR LAY, 4% 4~6 BRIRE CHELT 5 Kunz1982). ¥7-, =



TEVHEOETFEREL, RRICLBRITFOEBLIHEREROELEZED,
L OO THE ST 5 (Brown 1978; Rilbsamen 1987; Sterbing 2002; Vater et
al. 2003) . Riibsamen (X, V—% 27 H T avEY (Rhinolophus rouxi) DR
BIZRBWT, TF134% 3~5 @l cRSRNRERBOMERZHFHoEF /v
RZEZ b, AR, 9F, NEBXUMOBESE b 3~5 BRI THRATDIZ
LEBALMIZ LT (Ribsamen 1987). Z DX iz, HAE# DML E TOEH
BiC, 5, PERBLOCANE, ROBEFRLOERFIRESNTza—as
—a VEEARERENDICHEOLLT, EFREOHMRBREEL A ZLICE
G LA LIERIZIZE A EB I by,

FITC, AETE, AETFCT Vv /avelexrs i 7avel) OFF
REOWREEMHNT L. HITHIRERBEEOFER L0 L 515
Eh, ARSI TV OPEHALNCTIZLTHS. ZORRIE, T OHIK
KHEADa v E YV ABERINIBEROMAICHHFETLIHDTHS.
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Fig. 1. The study area in the Akiyoshi-dai karst area, Yamaguchi Prefecture, Japan. A,
Location of Yamaguchi Prefecture in Japan; B, Location of the Akiyoshi-dai karst area
in Yamaguchi Prefecture. C, Map of the Akiyoshi-dai karst area. Grey indicates

limestone areas and closed circles show the cave entrances.



Fig. 2. Views of the study area. A, The grassland in East Akiyoshi-dai; B, A quarry in

West Akiyoshi-dai; C, A ranch in West Akiyoshi-dai.



Fig. 3. Hilgendorf’s tube-nosed bat, Murina hilgendorfi.



Fig. 4. The greater horseshoe bat, Rhinolophus ferrumequinum.
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F£1E KAHILFEHCHT CGRBICERT ST v 7 ay e OEEEERE

L1 EU»IC

Fr7ayelid, ERTRIBEEN DM ETEL 9HF LT D (Kawai
2009; A H - & 2011). AEOABRIUIE T 2HE T, B, 2EOME
ERES LIZREBTRAIND Z L B3%E0 o7 (Kawai 2009; FH - & 2011)
23, EE, 10 D 120 ELL R AROERPREE S, £ OEGEITSE
HICERT 5 Z LG S TWD (ZHE - BIHE 2004; JFH 2011; HE 2011).
D OFFEHOIRE £ 72X TIX, 7 A5 9 Bl QXM oEE L
DRER IRV, 10 ALLEED 6 ATh T UIEHRoEEI #ERIh, &
I3 AND 5 BT THER SN DEEED RRICET 5. Rk, KES
HHRIZ B D AMADOERIAE T, 7o 7avEVid1 A»b 6 BT T
T CHER S (IAIE2s 2005), EEEGT 4 A0 5 TIN5 2 L5238
LA ENTND (A - #aFF 2008; FAFTiEA> 2005).

HEBHIR T, 1966 F030H, FEARIED (1998) 1T X o TIEBBMEEIC L
5avE ) OEEHEIERES I Rbh, T 7avEIZOonTS 19724
05 1997 ﬁ&:yhsﬁﬂ%&%ﬁﬁﬁm:&bnk (EEAIED> 1975,1998). LvL,
25 EMTEREINEZT S/ a vV STHETH Y (BERIE) 1998), AFEOMHE
EEERERE CIIHALNT SR TR,

ARE T, MEEORBICE T 2 AXBOEEHEIELH O N T 5720, 2002
EHD 2011 FEETO IERMICK 2o HiERFREREOHER» O/ LN
REREL, KEEOWRBELFAT EEHOERICOVWTEETS.
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1.2. Fik
R |

AFEIL, KEERKEHIRICH D 6 DFTOMFE A, D, B, F GROB) BX
WA B, C (EDR) TRBZebhiz (Fig. 5). 6 »FTOREREDO > H, W
BABXODE, EMFAECAROAEEIERIN TV DIRETHY, HEB
BIUOER, ZhETKAEINMEINCILOHHIRE (BEER 1964 ; EA -
NHE 1981) ThHD. b, ifEav e OABRPER SN THWHHE (BEA
ED 1969) DHFM D, BRIZ, MO L TRETE2WMEL LT, IMECKX
RFZEELE.

EREHERE

ER R, 2002 45 3~5 A, 2003 £ 2~6 AR XU 12 A, 2004 4 1
A, 4~5 AB XU 12 A, 2005 4 1~5 ARB LT 12 A, 2006 4 3~12 A, 2007
£ 1~12 A, 2008 4 1~12 A, 20094 1~12 A, 2010 4 1~3 AR LV 11~12
H, 201 = 1~5 BiItB T ooz, LA 1I~3E, BRICARL, AENT
HREFERLRLCWET v 7aye) 2L, EHEEE2RB IR, &
RIEE T, ARBCER (EEFORELESEZRL LIEAT Y VARIET
NIy LHORY) IE (BEEKOSSIIERES2HER) L, Ml
DHE, KEBLURIBEREOHAZRB I Rolo. EBREESKT LIERIZ,
BN CHRER LT,

B, RETH, FAEEEL 10 A0LEF I A0 1EME L, FlXIF 2002
£ 10 A 25 2003 4F 9 A OFFEFE A 2002/2003 LRHATD.
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Rl RS
BEEEEOZ -7 3 PETOFE (E B, CRLTUF) TEHShEF
ZRRE L, FRE~OBEOREREZUTOENITL Y RDT-.

£xy(%)=Ry/Byx100
IFER (%)

X EREBI o5

fan }

y: ERENT-ENLFRBEINIZEE TOEK
B : i I - EE S
R: ERINEED Y b, yERICHEREINEEEK

THIZEY, FEE (ny) X x FIERINZEBED y £RICB T 5 RERE
£E. BB, EROBREITRPT b O E{FELE.

B8 A DHEE

A OBMEREL, HAESBAICLVEEE HEML, BT EBHICL D HE
BB BAT 5. 0w, EEHSEEMDSZDIE, BEEEZT TR,
AR L HREEMDLERDD.

2007 £ 2 A6 2007 5 AT T, BEE 2~3 BEDOMFETE 6 EDEE
EFERELZ B I Rolz. 2D OFRE TH DAV HERIT Jolly-Seber 15 (Jolly
1963; Seber 1973) ZWH LT, fEEE, £FE BABRKEROHELZIZRo
7z. Jolly-Seber #5132, BEEMAEETD 3 ML EOEGR IR - HHE CORE
WWBWTI, BEECTOLIARVAEMBRHEEELZXONTRY, WAHA
RRE, BRE, AER COEREHEBIZENT, BEEO Ny FREEOME
WhREICEDOHERAEEREL 5 (AP 1986; Nakamura et al. 1979; B 2002;
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H - E 2011).

BRTG A= —DHEFER
N; : BRR i COMEEE
M; : BERL i CTOEBMEEDOREL
@; : B i TOEFMEENRER i+1 FCAESEIER
B : BER i D i+ 1 OFICBA LTEEE

D¢ X,
Miny Zj5f
M_ bk} M____ it A +mi
™ e
o+ B=Nij- @; (N; - n+
o = Nirr- @i (N; - nit s5)
Mij—mi+5
==L,

n : B i COMBERE

m; : n; D OERME K

zi: R i CITBEENT, i+ 1PRRIE, 22K e b 1 RIS S o (@
¥ BRE i CIIHEBEINR»oTR, TORRTEFLTVWD I D

o TV A EEE)
siim DL, BOBENZEEE ERINLTOWRWEFIER SO
H)

riisiDY b, i+1 I, A7 b 1 BITHE I - EEE

RBEHRE L RAREX, LTOLBY ThHA.
() TEEBENOEMIIED - REZRIZO2D LT, iR TOY 7Y 7T

HEINDHERP;, XFEC.
(i) 2BWIIEE i 5 (+1) KT TRICARERO 2K (=1, 2...,
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s1). 2L, i~ G+1) & G@+1) ~ (+2) ZLIR72oThV.
(iif) § R THCS W BIE R URER THEE S 5.
(iv) BFROHEER - BEE Ui,
W) BTV TICETHRMITERL S D2IEEEY. YUY TEBT

O BRHII R R o TH L.

TR ETE O 72D I LA, FHEE L OERR%IC T R CEHT
BER L2720, REGDORBEITHIZL TS EVnWE S, £, a2 U Ofj
BRICEEE § DT, Mo EOZEBEL Y bIEARTH Y (Keen 1988), &
ENTVIIEREE LIZnEEZX o572, REW)DOFREGHEZL T
5. g, Bk, BEROEZEIRPORENTRI Y, KiRFOT7F 7 ay
FUBKT B Z L3 80nied, (REVOFELRFHZ LTS, AFREICBWVT,
REG)IB LG DEMEE T LTW A E 5 MIHFITERVS, Zhidsk
B EHERAELED D Z L THRINTREL 725 (FEE - A3 1977; Krebs

1989).

1.3. #ER
1.3.1. EFERGHE

Figure 6 1%, 2002 4E3 A5 2011 £ 5 H DR 9 ERITAZR - B I =7 v
7 agE) OREET L OEEEERL TS, RREHMEEL T, 4% 218
B, AR 2N EBIOHIIRH 2EEZLF 42 HOT 7 ay e HEHRS
iz, BRSO RMERIL, 4% 325 8, AR 452 BB L UOWERIARHA 2
BHOF 779 BHTho7o. SR L OHER L bic, A REEI A A EE X
D HRRE T |
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Fie, FREFICRT DHEBERLEHEEREEOREIE, TATIE 613
~87.5%, AATIL475~84.8% T, MEHEST CIXEDOREF D 50% 2B T
7= (Fig. 6)

Table 1 1%, FAEREROEBER LWELEZRLTWD. T 7avEl B
HZ S HEINTEOILRE F C, BEBEIIA X 1138, A X 109 BHE L USR]
RBA 2 BHDFF 224 §H, HEEEIIA A 151 56, A X 158 B JOMERIARE 2 B8
DF 311 ETh o7z, WE C TiX, Bk X UOMHERICHEEREERADL
-, E Cloki 2SI, A A28, AA8SHH, WHEHIX, £ X26
BH, AR 128 FHT, A ADEFBRBEEEBIIAZADOR 4 5, A AORBBEIIA A
D 5 ETHoTz. A COMBEEROFHERICIL, HERERICHRERZE
TR,

1.3.2. A TR I AEROFHEL

FEFE O CHEBREENE NS TME B, CBIUF DO 3HEICONT,
FmHRAEZB I o7 2006 4£ 3 A0 D 2010 4 5 A £ T A BlwERE % Fig. 7
R IR DORME T, T 7 avEVIZ10 ArbEE 6 AL THEI L,
7TAPDL 9 AICIRBEI o7, BEuT2 B ZA00HML, 4 BITERX
BicEL, SAKABLE. MR CEEINLT Vv 7avE VR, WEzARE
FrERIETAN—X e LCRIALTRY, HEMBEMIIBIEZ IR0,

1.3.3. (KEZEL

i A B OEEE(COEHETIE, AAOKERX, 4 AETRASL, SREHh
T LR, 6 AL LEBD =0T, AATIES AETEA LD
37~ (Fig.8). RIUABEED 4 AL s AlCEE L TSN 258H (X 12
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BH, AX1380) OHb, MEAHOL A 2L 23 T, HENS Al
BN U7X 288 (A A 188, AR 18H), REOEEN 20> Bk 288

(AR28H), HRENS A LEER 2186 (FA9HH, ARX108H) TH
-7z,

HWEORKXMEIL, FAT166 g (1H), AATI195¢g (1 A), m/MEIAA
T99g 4A), AAT98g 4H) Thol. FEICIIHEZLIBDLN, 1A
~S AR EDABARTIAALVERICED o (t—test, 1 A :t=—2.183, P
<0.05,2 A :t=—6.161, P<0.05,3 A :1=—8.404, P<0.05, 4 H :1=—15.934,
P<0.05, 5H :t=—9281, P<005. 77ZL, 11 A, 128, 6 BIIELE» S

ol T-DBELRNoT).

1.3.4. FE~DRER

FAEHBNEL, BHEEHEI Lo 2{E B, C BLX U F IZBIT 2 EHE A
DIFRF L RO (Table 2). FIAE CEESNEED, 1 FRIERS N
TR LRI, A T 94%, A A TIX 13.0%Chole. MilkEk
D 1 FROFERIENE b EI - TEREX, WEB ThY, £O/RERIIAAT
11.9%, A AT 164% Th ol HBERIIME L bICFRFROB E & BITIET L,
9 ERICHMBE SN AEIER TERho 7.
BHEINWEZEED S, ERINTZRE & I3ORE CHEE SN -DIX
ARG, ARBEOF 3EHEDHTHoT.

1.3.5. {AEEEREOHEE
2007 &£ 2 A5 2007 4E 5 B ETOMRE B, CBXOFIZRBIT 55 6 BIOHHE
FERLEKITOUNT, Jolly-Seber EIZ & Y BT A —F —%HFE LTz, Table 3
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T L91E, 203 2FOREEZFA L T D EEREIZR L Z 70~100 R
BMThdEHEINT. 4 AETOERFRIT04~09, 5 AIZIT 015 2R L7
F2 A6 4 ARPEE COBABEERIIERB L E 2ETIZE—ETho 7.
LU, 4 A 26 B OBAEES 268 BEIX, ZHREEOATFRI DT 1 HE MR
DTHRNWI LI 2EETHY, ZORHOBHRBOMHAIZONTIE, 4%
L EMNTEBIRIFEE L TEo .

1.3.6. REAEFEE

Table 4 ITFHEMHEEEORMAFILEELTL TS, EHR bR OMEE
TOHMEBRbREVEEIL, FAT548 (E#B 2006464 A 4 B, RHiHE
A:20114:4 A 21 B), AXTTHEII0A (BERKH 200245 A 9 B, &Hfl
#H 201043 A 31 H) Tholk.

1.4. BE

KEEHIER CR I vbiviza v ) OEEHERRICE T 545 T, 1972 4
2 1997 SEE CTO 25 ERTSTHOT 7/ a v ) ITE#Sh, TOO>H 1 HE
NEHMEIN (BEARIZH 1975, 1998). ZD XL, T 7avEV OFEHEK
PIEDLD 5 FEEHR LU TRIRIZD R ol &2 b, T 7ave ) idFHaE
HMORBIZAELRTS 6 BOaUEY DI HThHo & bEFHEN/ININEEZD
NTWz (FEAIES 1998).

ABFFRIC X BRE T, 2002 05 2011 FE0K 9 FERIC, HERESF T 4928
WHEF L, 5D 170 A — UL EEEE L. 2k 1997 FELARTOFHE T
SN EEEOR 9 fEThs. WENTIE, 77 avEe  XRTERHFHL
D HEPELADRM CRERINZBERARD o7, RRETIE, ZOHEEZE
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FRXTHROVERMNOBEREB IR LICL Y, REOHREL KNIEIC EEDS
WEHEER CXRLLEEZONS.

ARECLY, T 73y Y B, FRNCAEOLEENHER S TWTRE A,
B, DBITCE Mz, FHRICFAELBZR-TWE CBIOF BFALTW
HZEPHERIN. KEBIITZHORENR DY, AR THELBZ o
ICRBIXZOZL —HTh D720, AFEMIITFAERELIMNC O AEOALR
BPTRNGEET AR 5.

AT, L ERINSEEROBIE D EESHERD S0%L ETH-o
7z (Fig. 6). FESMEMEIZIL, ZoOFAEHERE 2 bhd. —DiF, BIOEFEHT»
LIRAERE~OBADTREME, b2 —2%, RIEIKFEENTW b o fEE
DREERBE~BAL, FLIEBRINZARBETHS. BHFICAETS2UE
Uik, % 1~2 PATHEBREIZEALRICUKRE JICKE L, MYAFICAS.
TOFRITEINERIILERERE LT, 4% 4 VABEF TThOII, $F
FEHEBOBOBEEBOEIMEICL > THRENPE I DOHEN TR TH S
(aUEY O£ 2011). LML, AR 7 A LACHET S (BEAR-NHE 1981
Yamasaki et al. 2006) = & ZBE S5 &, AFEIHE THR SN S 11 ALUKETIE,
FALEIC X DHEETIIEREE TN EZ KT Z LIXT L A EARTRES
FEAbND. ZTOLHAFTETIE, FEBREXRCYREPEENLTHDINED
DOHWETDHZ LIXTERPTE.

AFETIE, WE B, CBLUOFIZRBITHKAE~D 1 F£EOFERIIE -
7z (Table 2) IZH20b 6T, BROPEFRBEEZFIA L2 L3R INZD
X, BT 3 ETho7. BERMEOERIZIE, EREEROETOER SN
TRBANDOBHRLEBEZ NS, £7, FRETHERL LTWAEED,
BB D X 5 IZHmRERDE D DYWL <, HEFEXRFHTHLY, KEDOA
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FRBIVCHTRZEHT A Z LIITE TR, LIL, ZETEMIES,
FLEEOBNT 7T avED I, REBOBOREERRT @ 2001)

EnD, RSHADREBERIE, FEORSOFAOREL BTERSBERLTND
LEZ NG, FRE CERZ CEREERE S EETE, A0 0FY
AT CIRIEEABE SN ZEES, B 1~ 2B LIFEESRRVS, ZiER
CHICHEBINEZ@ERER, £, 3EULCDbE > THEIN T 5EETS, #
BEINRZWERHHZLREND, FAERBUNMCOGERERLDY, THLD
DEEEHVEL Lo TBH LTV ADTIERVNEEZD LN TES. 7
vZagelix, XFIERRELRTOLE LTHIATIEER ALONTEY
(GH - W& 2011), AHBCTHIREZ B IESERRELZAMALTVD
EHEHITTE D, D EOZ &b, AHIRICITFRAERE UM bAEDOLE RS
BHY, AERE CHRIER S L EEICE, AERBEUSNSOEFNOBA
THEENEEND LEZ OIS,

TR C T, BRI S FOHERTD bhviz (Table1). ZOHEDK
RIZHA S 23T 2o TRV, WL OO TIE, 2 UE Y BPFLBKESE
%Kiof&&é:EﬁﬂBhIW%NM®mn%w.ﬁﬁcm%ﬁé%ﬁ%ﬁ
DOMWER, TV 7 avE Y RFUBREOHEICER LTS LT5E, A
DR HLDOBREML LT, ZOEHOBKUESLFIE, WA OERE, FK
NOEDOBEIZEEALNCT DI LT, FEOF-RERGFORERITORED
AREMENS B 5. BN OMKREY, MENOBIICL > TORESERDILYD,
ESFICHZOR NP ZAE B BLOFIZOVWTH, HEARTORSD
DG OBRICHEED H D FIRELRH D.

AFE T, WECHERSNST Y7 2 7E Y OEAMICEHEBY b2
27257 (Fig. 7). HETREZ L, B CTEREINIEROBEEHELD, L4
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TR FEHTBEINTWAZ L THD. Zhid, REEaYEY LIIRE
<£ﬁ6%ﬁf%é.%ﬁE%KOWTMMad%ww)ﬁ,?Vﬁﬂ?%U
X DEFRTERIL) LHERIL TV 5. ABIROFRREICEWNT, 4 ACHELE
ABED A A% 4 AR L CRE Ledd, 1EBHE L2 ol CRER) Z

ED, TUTavEIIRBNT, REPKOBIZEB I RO TV ERET
5L, AMOEREDRIILBIE ML DS, Z07 Lhb, AELE
FIRBICEED L TRRBHEOKED D WVITZERBEOBRREZH/OL,
MICE VERORESL LT HAEEREZ bD. £, LHIEEENR
WHETHE, FHCOLRRABIRONDLTEERDH D LWV IRENDHD (Rice
1957). FRETIE, Tv7avE) OKEE, HHEE LICLHPLEEEE S
AERETHAD LT (Fig.8). MEZERRL ETIETIE, LRPLREE
LIEEN LAY 5 4 A Z A0 GEREITHEMICE LS (5% 2001 ; Encarnagdo et al.
2004). ZOEWE, T 7ave Y N REEaVEY LIRRIESMEER -
TWHZ EZRRLTND.

Jolly-Seber EIZ & 2 EAEEHEE OFRER, BEEHBROFMELCIERETLIZLHT
. bbb, BED2BITI20HERELTO/NERTH 7225, 2~3 BT
2 EREOEIEG T, B/ »LEEBRBA LT, T 70~80 BHEE OE AR
DHEFF Sz, Z ORI OATFRIL 50~100% D25 b OO, HEHEND
DThHolz. LHIL, 5 HIZR? LEEENRICHEML, £FRBET L. Z
X, BREEAESAICEA LEZ LIZL b0 T, AEOKEE VA D.

KEBHIROWBEICER TS 6 EOavEVEHD S L, KELSD 5 O
BAFTSIIERFHREREIC Lo THLICEN TS (Ishida 2009). 7
7 ayel) ORMAFTLEKIL, AFRICE > THD THLNI S, FATIES
B, AATIXTEN VA Tho7. BRI e (BT 1958 ; 4Rk - B5H
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2007) &, fAE TiCk T Hinek (B4 - WH 1981 ; Yamasaki et al. 2006) (22X 9,
AEOHERSIL 7 A THLZEBPHLNZR-o TS, SREEEHES N
kLT, MEREE B0 72< X MBS WEEORIED 7H (b BVNZEh X 0 #)
WHAELTWS EEZbND. ZDZ b, KA THE LN -EMATRE
X, PRLEBARATIISHFEI VA, ARATCESEIVALRD. BEIZTV
7 avx Y ROFMET HiEITR < (Brunet-Rossini and Austad 2004), Z D
FLEIIAFEOY O CORYAEFTLHKE LTEETHL LEZXDND.
AREIERNCEL BHATIEOVOLEHSTHDID, TOHERBEHRANIBEAESE
TiIcHE (B 1958) LRgE (k- B5H 2007) @ 2 2 Fr LB LNITR-
TRV, BEBHIBICBT 27y ave) OFEMOLR (EES) 2R
THEDICE, AFEHICBITZEONSD, BICHERERFT 2R TN
EibD.

K& BRKEHIRITIE, RESOBIRG SESERK 440 OTFEIHER SN
TW5. Fio, TOHIROMEAITY:BREHSCANTHK, BRKRRELERTHY,
6~9 AICiXZORBE Bl : Fav - U, BhE T FVLAVERYE)
DFEAEPFEBREHMOKEH CTHERBIN TV D (Yamanaka et al. 2007;
Ishida-Yamasaki et al. 2010). 7> 7 a €V, 108 (T 11 H) 265 A
(£72ik 6 A) KAFOAS L ITARGHTL LOREZFIAL T,
REHBERBIEMT 2B, b LITRENRER LIPSO, BRELT
RN RSH (T2 TR OEEDORE) *WMESBITE L CGRIRT 5+
BN DD, EHBFTOBROLOICIE, T2 N —RAESLTHMI CORME
WELBIRILENRDD.

EbIZ, Tr7ayEe) OFFEOWE~DESHRREDIZDINE 5 M ERIE
T 572, 3 A0 D 4 AT CRE TROP 2 BEEOEIRE L1THIC O T
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IR D LERDD.

iz, WENOSRLREREIDL, AEOERBOMECEELRITT I LLE
AbhdTed), FEFFH L TOSBHOMKEOFH L, MENICET 54
DL RGHT OFMRTLERPMBLETHD.

ULOREEZSEXT, SHOWRTIE, ERFREECLIBEHEST
VA MY BRI XS TTEERE L ARG DY, T 7 ayE Y O%E L EREFIC
BI 242 IBICHLNITOLRERDD. -, ERRAELZMI IO L
W&o T, REAFLEOEF IR IND.
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Hagi City

Nagsto City

Mine City

Shimonoseki

[] Limestone arca

+ Cave entrance

Yamaguchi
City

SN

Fig. 5. Study area in Mine City, Yamaguchi Prefecture, western Japan. Grey indicates the limestone

Ube C”.}’

areas and closed circles show the cave entrances. The six open circles are the caves surveyed in this

study. Caves A, D, E, and F are in East Akiyoshi-dai; caves B and C are in West Akiyoshi-dai.
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Fig. 6. Yearly changes in the number of captured Murina hilgendorfi and the rate of newly banded
individuals observed in the caves surveyed in the Akiyoshi-dai area from 2002 to 2011. Numbers in
parentheses are the numbers of newly banded bats. Solid squares indicate the rate of newly banded
males, open squares indicate the rate of newly banded females, and open circles indicate the rate of

newly banded individuals including both sexes.
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Fig. 7. Monthly fluctuations in the numbers of Murina hilgendorfi observed at the time
of bat banding in three caves in the Akiyoshi-dai area from March 2006 to May 2010.
The surveys were carried out twice a month in March and May 2006, March-May 2007,
March 2008, and May 2010, and once a month in the other months. 'Ave.' is the average
number of captures per survey during the survey periods. The average was calculated as
the sum of the total number of individuals captured each month/the total number of

surveys undertaken each month.
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Fig. 8. Monthly changes in the body weight for male (A) and female (B) of Murina hilgendorfi. The
vertical lines represent the range; solid circles the mean, and rectangles the standard error. The
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Table 3. Recapture data for banded Murina hilgendorfi in Caves B, C and F.

Z; S; n; T; m; M; N; (95%CI) @; B;
2007/2/26 4 15 15 13 0 4.62 - — -
2007/3/12 11 12 12 3 6 50 100+53.1 0.45 22.1
2007/3/26 11 8 8 4 3 25 66.7+56 0.98 22.8
2007/4/12 8 24 24 9 8 29.33 87.9+42.5 0.67 23.2
2007/4/26 7 26 26 9 10 3022 78.6+£31.3 3.74 268
2007/5/18 13 13 13 1 4 173 562.3+453.1  0.15 -

N;: Total number at time i. M;: Marked number at time i. n;: Captured number at time /. m;:

Marked number in n;. z;: Number of bats that were not caught at time i. s;: Number of bats that

were caught and released at time i. r;; Number of bats released at time i then subsequently

captured. ®;: Probability of an individual surviving until time i + 1. B;: Number of bats that

moved in between time i to the time i + 1. —: Uncalculated.
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Table 4. The numbers of banded Murina hilgendorfi recaptured in subsequent years.

Years after banding  Males  Females  Total

less than 1 48 56 104
1 15 17 32
2 6 13 19
3 2 3 5
4 0 4 4
5 1 3 4
6 0 1 1
7 0 1 1

Total 72 98 170

31



F2E TU7avEIBICX I AT avEY ORBIMNIEIT HARRE

2.1. KERCBIFI BT 7 avE ) ORBEUADTA NL—R b
2.1.1. LB .
KEBRIKEHIRIZIBWT, 1961 FIZHHTT 7 avE Y OERDPHER
iz (AR 1964). Z0Dk, 1972 F0 D 1995 FOIEHBHERE CHR I
ARBET (TANV—Z D) EZT_XTRETHY, WEUNOGHTT v I ay
FY OAEBRHERIN TR (BAX 1964; BEA- LH 1981;EAITA 1998).
7z, BEAIED (1998) iF, 77 avEy B3KE A OIRE CHRR IR
MENPOBETHS EWME L. FARIS, BILETRZLIE, 77avE
VIiX7 A2 S 9 BT URE TR shd, HEWTEA bR S R)ro
7. DI, KEBORE CRESEINZT v 7 avE ) OoEFEBUCE, FHNE
LB R BR, 7z, EREEOIRE ~DREEMEN T LD, AEIKES
REAHURDOIRF LIS LT A —2 M E LCHIAT2HF R b H, BHOFIC
Lo TCTAN—RANDEHEEZDZEVRFRINTVDS (B 1E).

L7eRoT, MEBWERTHT V7 avte) O—EOEELRZHAT L
DT, AEOIREN COERBELEET I LBKETHS.

ARTE T, 2006 £ KT 2007 I/ ONTRBEINTOT - 7avE) OAR
FRICOVWTHE L, XEORBUADT A N—Z MTOWTELETS.

2.1.2. FH¥:

2006 F 12 AB X O82007 £ 9 AL, EERMNOLT V7 avxs Y oA RICETS
BHROFBLELZT, HHMICENTEZHERE L, BRINZREOEHEEIY HFAE
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ERIRoTc. ¥, MEIN-EERORIBRR L OEEOFH & MR ORERE
ERIRW, BRENWEBHTHRELT.

2.1.3. &R
2.1.3.1. BIROFANV—R b

2006412 A 10 H 15 K¢ 25, +FE (KERILAETICAET 5885 260 m D
FIREEH) BELUBEOKEIICH D ~F% (Podocarpus macrophyllus) OFZIZ & F
S TW5 1D YEY BRI (Figs. 9 and 10). WHEEEOLRIBITIX
ERARFEPEESNTEY (Fig 11), £DOFZOTEN L, AEEIX 2005 £
4 H17 BiZ, SRABEINEZSFNCGEVRAE F CERINEZAAOT 7 ay
EYTHDZ EPFERIN (Fig. 10B).

Table 5 1%, AEEDOELELER O NCHEZHOFHAIE L =T .

I BT, AEEIZIE, EHEZPLCY =0—F LB o/ FAE R 25
PELLl EfFE LTz (Fig. 11).

2.1.3.2. ARODTAN—R}

2007 £ 9 A 12 H 16 Fr 25, HE G AKEHIROAH 5 km I2H DEENDOA
- FDSEEA (Figs. 12 and 13A,B) 12 - TV 1EOaUEY BERIZELY
WmEIN. BRCEBISNLTCWEY, FH 17TRIAITHAHERY, FH 19
BZ5, REWORIDIEEB (Figs. 12 and 13A, C) THO1EOa UE Y BF
Rah, MEgEIhi.
:@ﬁ%@%%ﬁﬁbtk:%,%X@%yfnﬁ%vﬁﬁézkﬁ%%bk
(Fig. 14). FERITX DL, ZhbnavE VL, WEBOE, IZHICRON-
THRIT B LD RIEFIIR Do DI THD. Tz, HEEA THEIN-HE
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EREBINTW-EY TR, BRMLBA~EBLAZEMIIRONTEY, 26
BB ICHE ORI ONBE TR OD -T2 b, ThHIIFR—EHE TH 5 e
HErREWEEZ ORI

AME R DERE TSR & FEOFEHES Table 6 IR Y. AREEIL, HEMERR
OFELHWT 5 BRERHIAFDORERSLMRITBDO bR,

2.1.4. EBE

Fr7ave Vil MECEADE, M ThEoARDE, A, BRRER
Y, EELERERETAN—A N LTHRIATAZ BN TS (AH -
WA 2011). SEFERENETAN—Z M, HOKE B ILBOKBZTOBA
b, FERREMBOMBRDOAZ ThoTe. Thbi, KEFEHIR TITHDH T
ERENE, Tr7ave) ORBUANDOTAV—Z FTh5.

AE, MAOTAN—RMX, 12 AICHERSh, AZRDOTANV—XME, 9
ACHER SN, KEBRRKERIBOWTE TIX, 10 AD 6 AT, 7
Fave) DEBPHERIN TSN, 12 AIKIREMROEK LIERSHITE
5%, 7, TAPD 9 AT CHABOAERIER I LTy (B 15).
IhbDZEhh, MEBRKEHBICAERLTVWST 7 avE ) OEER
D—EL LT, KENFRE CHRINBED D 12 ATERbTANL—ARL LT
FIAT B L, BIXUOEAESFEECROARY 9 ACAREZNAYT S Z L3
bhrkizoiz.

BAREFTAN—Z P& LTRHA LW BEOERARE S, 2005 4 4 A
ICIRE A LB S, 148 8 1 B0 2006 4 12 B ICBIARDEZFIA Lz 2
EBHBA L. KEBRKEHIRORE CRRINDT 72 vE ) ~OF#H
BHHERE»S, WBEUANDOTAN—X NOFEEL, KERTANL—RFEL
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THATIBIEETHOEILL - TEZD I ERRBENTEY (B1H), &
BEIORERIL, ZHODAEHEEXFEI260THD. KEBLSOHUE T,
FTr7avE ) iCHT A ERERERECET I ®ET RS, WEEZRALT
WA ERE & TRE LS OGFZFIA L TO S EEOBERITIA LN S TR,
SEIOFERIE, T 7ave) oEEEZERL, AEEREEETIFREL
T, EREREREPEETHDL I LERLTND.
TrTavEeYRTAN—R M UTHRBINTEARIL, KEEBRKSEHUIK
HHH S kmBEN - HIRICH -T2, T arw) LK T, RRICREREORE
boarry/7ave )T, WEEICBWT 9 BIZBZ b TEE &7 A
N—A MCETAFETHE, =2 VTV E—HBLOHATTAAL—R FEEREL,
TNLDTAN—Z MEAOERIX 1 km LN ThoBEIL TS
(Hirakawa and Kawai 2006). 7 > 7 2 7€ U OITEIBEIIHA LM S THRW
2, ARIIEEROERMEZ LD, BREDORABLASTRETORIIZE L=
a—al—alSVRAERETHED, BBRIEIANEZLOND. 20D,
FAN—R N EREGHEELTHEE, a7 73 v L EERICEWTTEE
HARHD. ZOZ LTI bbb, KEBREKEHIREDORELI o4 L Tz
WHBRIC S, T 7 avs I BRERLTWAZEETREBL TS, LL, F
WICIRE CRER SN A EEESEMT2 B 1 3] Z&2b, WEASMALT
WAHHUR & Z 5 TRVWHIROM CEHNRBEI 2B 2 25 L E A b1 5.
REUSNDHEF ST AN—A e LTRIATS T 7ayel oLAREERT
B, ABOSAOFEIII DT, RN TORMBIZLD2EERE
R, TVA M —HBICLHTHEOFE, FHANTHE IS BEEFITHET
LEBRAEREEBIROSLENDD.
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—rd
Nogato City /\J N
A

=
Shimonosck Mine City
,}‘! East Akiyoshi-dai

‘West Akiyoshi-dai

e —— =1
i 7 Limestone area |
]

Fig. 9. Maps showing where the female Murina hilgendorfi was captured and the
location of Himeyamano-ana Cave. The map is based on the 1/25,000 map of
“Akiyoshi-dai northern part” published by the Geospatial Information Authority of

Japan.
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The capture site /

The place of the entrance of cave F

s

Fig. 10. A, the peréh (Podocarpus mdcfo?hyﬁi&) where the bat was found. B, the
location where the female Murina hilgendorfi was captured and the location of cave F.

White circle in B indicates the capture site.



Fig. 11. A, front and B, dorsal views of a captured female Murina hilgendorfi infested
with ticks around both ears and the occiput. Arrows indicate the band which was

installed in the right forearm..
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Table S. The records of the banding date and physical traits of the captured Murina
hilgendorfi.

Body Forearm The first capture
Date Band no. Sex

weight length Date Place

10/12/2006 NCA0233 Q@ 145g 4559 mm 17/4/2005 caveF
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/
A

Shimenoseki Mine City

West Akiyoshi-dai

{ | U Limestone area
 Binsabmt et

Fig. 12. A, Location of Yamaguchi prefecture in western Japan. B, Location of the
Akiyoshi-dai karst area and the area shown in C. C, Map showing where the female
Murina hilgendorfi was captured. Figure C is based on the 1/25,000 map of

“Akiyoshi-dai northern part” published by the Geospatial Information Authority of

Japan.
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Fig. 13. A, The house where the female Murina hilgendorfi was captured. B, View of
outer wall A where the bat was captured first. C, View of outer wall B where the bat was
recaptured. White circles in B and C indicate the capture sites.
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Fig. 14. The captured female Murina hilgendorfi.
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Table 6. The records of the banding date and physical traits of the captured Murina
hilgendorfi.

‘ Body Forearm
Date Sex weight length Band no.
12/09/2007 Q 12.1¢g 44.63 mm NCA1335
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2.2. BEREEHICLVEGINET 7 aUE Y OFFNEE
2.2.1. IEBHIZ

KEBHIE TIE, 70 72 0 U 23R (BEA 1964; #ARFIE0> 2005; 5 1F),
AFBIOEA FE2FE2. 1) 2740 —RA e LTHIHAT S Z LRI
CWB. e, ARDTAA—R ML, RO LTV HEC b HER
Nz ehd, FEOERBIIKERHRLVEHEETHD Z LHATRRENT
W5 (F2FE2.1). —F, ZHETCIAEORESICTBEICE T 2R EIT
2<, RS HUADAEBEFIFAHCh o1,

avE Y OEBEROTEOICB I bl 2FMBERE TIE, AL, FHhRAS
Wi, NEFCRESNEIAIPENA—T N7y I THESND (MNED
2005,2011; HIT 2005; \HH1EH> 2005, 2007; LAIED> 2005). KE S HUK T,
BHEATOAEBRBEIILA LB b TNWRWE, T 7ayEl) OfTE)
BEBOLNCT 5 I L, AEOEEER LUOKEGHIROAERBRICEIT A
MO X AT 5 L CRERTRTHS.

KETIE, 77 ave) OFMKNTOERBESEHEHALNITHI L
ZHME LT, BEEBRFEBECLIARRELZRBIRoTLEREZBEL, AHED
FHRNICB T 2'EEHIC OV TEET 5.

2.2.2. Kk
AEST

HEHRE N A T 2 AVWEFER, E0oALTEOETIThhz (Fig. 15A). 2005
5 A5 2005 4 12 A OHIRIZEDO B 6 »Fr (Fig. 15B, site a-f), 2009 £ 3
A»6 201041 A & 20104E3 A2 5 2010 4E 12 A OHIRICE DB O 4 »pr (Fig.

15B, site c-f) BLOTEDBED 4 2Fr (Fig. 15C, site g-j) [CHEHREN XA 7 2 HE
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L.

B EiRE

2y Y IIKEEBRECRAT 28 THY, REOEHEESERETHZ
LIIREETHD. £, —RUCaUE Y OLBRERBFAETIE, EORE
DI=DIZHAIFRN—T T I L HBERERB I bh 22, ZOX
IRFHBIIAVEYICE o TRERABELRD. ZOXOSBRFEECLD2Y
%Umwﬁﬁéﬁﬁékb,ﬁﬂ%fm,m%ntﬂﬁfm&éﬁ,ﬁkﬁﬁ
THGEICBIETE S, BEREIAZZHAVWEFETREZRB I o7, K
BIRICRT 5 2 U E ) HOREAIRIIRD TES, ZOFERITFERNT=
TEYDOEABREHEBHEZALNICTHZ LITEE LY. LAL, HFE, EFFIC
X5 DAEBROEFMEORELFELRAE SN D>2HY (Vaughan et al.
1997), ZO L RFEZHBREELHEAEGOEDLZLITE- T, HEE T
UE VIZABEENTTICHERAERBITRRMOITE 2 MR T 5 2 L B HREIC
RBHEEBEZDND.

ARETIE, FOREL =B AT (Fieldnote I : HIRAFH FREMMESE, L
1) ZEALE. FAEHOEEBKNT, THOEICEL TV IBAREZERI
BEL, ZNOOBAROBOHER 50 cm OFIIC 1 BITOVATEFRELL
(Fig. 16). 74V AIXEB L7 4 VABKRAXSHBARY 77 ¢+ —F 2800 (SO
800/30 °C, 36 W W T —FXH 7 4 v A) BHEAL, KM1BEBIC1LE, 1 A70

BERETANLIORBERBZ InoTz.

2.2.3. KR
Table 7 1%, HREHBICE LV —I AT CHRE SN EBAMAEOBE GBS
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Y. EREHEEZELC, 5 H 17TREOHARIES HER SN

ayE VY, TNCORESMCIRE SR, L, 2005 4 10 B Ik
SN 1#E, 201045 ABXON10 AT Sz 2 BUZIIEZ HIETE 5%
EHREFBIE->TELT, EOBEIITELRPoT.

2009 42 10 B 5 B 0:59 i DE (Fig. 15C, site 1) T I zE# (Fig. 17)
&, FAER B 20:50 \2 D5 (Fig. 15B, site b) THRE Sz E#E (Fig. 18) 1213,
A HETE 2FEPE - TV,

Figure 17 (27”7 & 912, BEOE TIRE S, #RICEV/ES TH
NYUITRAL TN, £z, ZOEBOEEOER & BERIZ, &ETR
BOELEZEULBRETBBLL TN SDE2HERTLHZ LN TE. —FH, B
DETHRE SR, FRCENY UV IRALTWSZ L L, IO ES
EARIBEDHZEM U2 1 iR C& 7= (Fig. 18). UL EORFATE & P REH)
L, Zho0EBRICREINZavEY 3Ty 7aye) CLRESHE.

2.2.4. BE

AR TI, BEREECL > TRESNEERDOS D, 2B T 7avE
YV EREShE. Zhid, SEBRHIBORMARTI0 A AT 7ayEe ) O
BOEHREEE S NTZRIORETHD.

Fr7ave X, AN CIRANRFRRIE (BR 1972) °, RHEH
EROBREE CREINALRESNLTWS (UK -8R 1992 ; ZHbDLF
ABMTES 1999) Z LD, HFE ERITHRENOHREEL IR ) FHE
BRRESNTNG. F—2 LTV FRARTS7R—LAFL S ayE)
(Murina florium) TiX, EEOWFORE, 7EHETHELTWDL I L HEAL,
Ta—VRF U agE)Bmns Y —=r 7 (HERRPED LICEE o TV A EY
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R ZDEHEOKRNX) 2BZ729 2 ERRBIN TS (Schulz and Hannah
1998). A#FZE T, WOETHRE INLEE (Fig 17) i, 1EOT T ay
EYBHRELS TEANY Y ITRADOEE L L > T DRFHE -T2 Z &h»
b, AEPFAEH THDLEBMMRNOEBELRAL T, HLREBRERET
D, FEELUTHZAREESE.

Fe, Tr7ave L, REBANZT T, EAMTHYREEL B IR
SRS H D, BAMERTI, b/ XZ2H0E LKW, # L&
1LSmOBFITHY TITONZEEHAORE ~ T v FICAKRHE 2 BN EE S iz fl
BHY, HEHRHTHIESR L ORET S TREENTRR I TN D (R - Bl
AR 2007). BKEBHUROMEARR, BEAETHIEROETIE, BEDNEZWIEIC
REAMRHL (32.1%), B REH (25.7%) JREREAMN (25.1%) L72-oTEY (K
M 2011), KEBHIRIZAER L TCWAT 7 avEl b, JRERMI L OHEH
MABRAERE S L CRIAT 5NN H 5.

SBROBIFETIE, T 7ave) OESHE, SHEAECRT IAEOLEH
ERBIOCRBRMEARLZERT L I8 - T, AEOEMHOHE L REFRED
BEZBIRIMERDD.
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Nagato City

Shimonosek Mine City

j:‘—{[ East Akiyoshi-dai
D\ Study area

West Akiyoshi~dai ' X i
of East Akiyoshi-dai

L
Study area

of West Akivoshi-dai
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Fig. 15. Maps showing the study areas and survey sites in the Aklyoshl dai area. A, The
locations of the study areas in East and West Akiyoshi-dai. Grey zones show the
distributions of limestone. B, The locations of the survey sites in East Akiyoshi-dai.
Closed circles (a-f) are the forest survey sites with camera traps. C, The location of the
survey sites in West Akiyoshi-dai. Closed circles (g-j) are the forest survey sites with
camera traps. Figures B and C were produced using a map released by Digital Japan
Web System (http://portal.cyberjapan.jp/denshi/index.html) developed by Geospatial

Information Authority of Japan.
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Fig. 16. A camera trap fixed on the trunk of a tree in a forest on the Akiyoshi-dai area.

49



Table 7. The number of wild mammal species identified and the total number of wild

mammals camera-trapped in the forests of the East and West Akiyoshi-dai area,

Yamaguchi, in each survey period.

Order of the
May—Dec. 2005 May 2009-Jan. 2010 Mar.—Dec. 2010

camera-trapped

species
N N N
Chiroptera (1) 1(2) -(2)
Rodentia 1(28) 2 (147) 2 (85)
Lagomorpha 1 (100) 1(53) 1(196)
Carnivora 8 (884) ' 7 (420) 9 (385)
Artiodactyla 2(61) 2 (253) 2 (183)
Total number of
. 12 (1074) 13 (875) 14 (851)
species

N, The number of identified wild mammal species camera-trapped in each order. The

number in parentheses is the number of the wild mammals photographed in each order.

— Not identified.
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Fig. 17. Murina hilgendorfi photographed by a camera trap (survey site i, see Fig. 1C)

in the forest of the West Akiyoshi-dai, at 0:59 a.m. on October 5, 2009.
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Fig. 18. Murina hilgendorfi photographed by a camera trap (survey site b, see Fig. 1B)

in the forest of the East Akiyoshi-dai, at 20:50 a.m. on October 5, 2009.
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2.3. XZHVTavEYDFA b—X +OFRAEER X RS FE
2.3.1. EUBIC
ERICARTAXIAYTavE NIz 0T, ERREERSEA, BT
B, BRARRESHLNICEN TS (BEA 1972 ; BEARIE) 1985, 1995).
Mz T, BEA (1972) BRAOKIRGETICE & Shi- R BORBZ T
5 L TABMOBEEELZT N, AEDS, RCalixsTBOZ VA aadxR

(Milidoba castanea) 72 ¥ DR &3, ®IPD=A =4 ¥ I (Playplewra
kaempferi) , BEIOAXATRDOEERLX A (Marumba gaschkewitschii) D X 9
RRBOBRBEGFZ LEHEL TV 5.

Jones (1990) %, A ¥V AEEHICERTHX I/ VT avE) ORMELH
EL, AEPEFEHICIIFRCTELHFRELHFATENDZ L, SHIIEKREIT
EHCEIRATOTEEBA CRRDIERMRID D Z L2 WE LTz, HE,
Longruetal. (2005) X, FEIZBWTHEHNDOKE S —VEHNT, THICERL
EABEORIEERFMEICETIRELB I Rofk. i, BRERRIZEIZ, v
B (36.6%), AXAHTE 24.1%), ¥ 7 HF (134%), 4 758 (9.5%)
THEEINTEY, 97.7 %D TEITEERD 1040 mm TholdWEL TS
(Longru et al. 2005) .

—Z, XTHTTFavEVEOHED 3 vE ) EIE, RAERKE LT,
ZETAN—R L (AF0RH) POEENERETO—RHNRRAIHLE LT,
BT A P—X N (KEDORSDH) ZEMHT 5 (Anthony et al. 1981; Knight
and Jones 2009). Zh b DT A hA—X MEFIATLEEIL, COETICEEEE
MO EREEE L TEERHHID, T b ORBITRE ORI &
M2 RAECREEEREZHAONCT 5 L CHEEICEERER CH S (Funakoshi

and Yamamoto 1996; Funakoshi and Takeda 1998; Adam and Hayes 2000) .
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AETIE, FHRICRREIN-AEDOTA " —X NOEHMOFHEE, B
RZDFA M—R FEOTEEIN-BERRIZONTEHRE L, AEOFREE
B L BEEREEIC OV TEETS.

2.3.2. Fik
2.3.2.1. FEH

X7 AV Tave) oBELBERAORBOEEIL, 200746 A 9 BA D
7827 BIZTT, KEREBICHIHEBZE (34°14°57N, 131°18°23”E)

DEYNB L OEDEI TR Z bhic.

2.3.2.2. BELFE
BIEEROBRBORBUL, 200746 A9BNH7H27 BORE»NHADHE
TOTEENRFIC 2~3 [, BEEFPLAREORMAN (1 FE, 2 FE, FEERORY
Bel) TRIof. BHEROBREIL, HESKRREODATIHRENPL Y'Y
Ty PCEERRREL, 2O TEELIMIOY=—VERCEIRL, REY
5FEC-ISOCHRE L. ARSI, BEINZBZ Lo TRES . REK
ik, T ABEREAXE L 11 GFEiEh 1982), THAREa VXAV ERREH] (B
H - BB 2007), TERhsh (MIED 2002) %A

2.3.3. KR
2.3.3.1. FA bA—R FOFEE

ARFEICLY, HEEBEBICBNC, 1 HEOXF I HTFavEVITLoTH
AEhTW?S 2 HFOFA bA—X FBRERENTZ. —DOIFKEE R ERY
D2 BORFETHY, b DEINREFICHIEUTITEEL TV LIERTH
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o7 TOEEIL, 20076 HOENSTH2THEFTO48FAERDH B 15 H,
KEFFIIERETA FV—ZA M L THERALTVWE (Table 8). Z DOfEEIZ L
5 20FTDFA bv—Z NOFIFEEIL, A TOR ELFEROH 13 TH

27,

2.3.3.2. ¥7HvT7ave) ORERR

Table 9%, FAEHMFIZ 2 2FDOT A MM—ZXNAA TR I HVF7avEy
(CEREE SN EBERROED Y R b LEFREER . REMPLIT47T V2 TA0
REERBOBRENSBESN. TOI L 2SERRAESIN, 3EIIFAHTH .
INEDOY U FNE, TE (15%), THNE 8%), EIE (7%), FHE
(7%) THERIhTWz. ZhbDRERIT, KERICERTLIXITLTay
TV, MECECHTEEZESTVDHILERLTNS.

2.3.4. BE |

AR TIIEE, KEBIZBNT 1 fEEOX 7 T 7 a vV ik THEA
INTWD 2 DFIOFA FA—RNDFEEL, ZThbHDFA FA—X MO
BEECOWTHD TEHE L. AREHOFIZH D/ PEOBRICHEREIND
MDFA M—R MIZL OFEFICE > TEASNTWS (il 2006; £ H
mmmwﬂm%)tw,K%ﬁfﬁ%éhkf%kw—xbﬁlﬁwwnﬁ%
VIZFIAEND T A F—R b & UTIEFICHRBREE.

AFETIE, | AECFHASA TSI b DT A M—X FOFERBEE,
6 A0xb 7 AT TOREHEFD 48 AERD I B 13 Thok. EXR
(1972) 1%, KEBWCERTH X I ATV T a v ) OFEFRICEWCOIEXR,
EKXK, HBOIWINREDORBEZHIZF I T T7avE) OBEITITEEL 2N
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2, BRREOBBIIHE—MHIOER LR EMELTVDS. LLLREDL,
K[KETOT—FILLD L, ZOREPERINRPo7 14 RIZKRBBRTH-
7o TN X AFHETOBEL, Z0ave ) B3O RELFERD S B 231,
BATHE R OMEM R FEEIKRFEL THDOF A M—X M 2R L-mIRetE
AR L TWA. T4, Knight and Jones (2009) 1%, HREFIZHTH D ERED &/
EBFA M—RXA FOE—OBETHD LERLE. KFRETHEINZ 2
T A M—R R, ZORTHERAPEBEROEHFTICH EFELNDE
FIchy, BEFHE LTHFE T I b, AFRORHERL Z0FEEE
XFETLHHDTHD.

ARAEICLY, KEBICAEBRTEX IV TavE ) OF A PA—X B
B REFEOEMABE LM SN, AEOARERERL LT, 23 BOREHR
BARECHMOCRESI N, Fo, BERIHREINLXLOL, 7TV T =
EVIIHE, EIE BIORRELZEL TS (BEXK 1972) Z & 1 ERER
iz (Table 9). AEDOARMSRAEINZI—r v L (Ransome and Hutson
2000) )R EE (Funakoshi and Takeda 1998) Tif, & IFOHBIIMEFRE SN
TELT, ZHIKEEHIRICKB T 2 KO BEDOREDO—>TH 5 TR
5. AFREERIX, 7V T7a0IRERITE (75%) 28TEY,
FEHMBEICRARAT, ¥ 7 TRBIRYITREFRNORKBOTEEEND
BRRHDZEERALNILE. BT, KEBITT U RbEHEWVWH T L
BHALNIRSTED, THERRETHD THERSNIEEETDHS.

KB THE, BEHE FROBERBIBESLEMIC BT 2 RATHERREDS B, &
BOZRENE L@ (787 L) (BEA - B 1998; Yamanaka et al. 2007,
2008). 74 b bT7 vy BRI K-> THESNE TREOBEEESII " EHZRL,
B E D v — 7 3B TR 6 A T/, 2[E HiX 8 A TA TH - /= (Yamanaka
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et al. 2007; M 2008). F 1 FM—R NOEROBKIL6 AFRUETHY,
SEOTENIHBETHEHE—BL TV, 7 HVFavEYRFA b—
A M ERRALEAEKE LTERL, AEIMEEOT A P —X b a2k T
W5 ETHE, ZO—EITA M—X MOERABRENRERBEOHET R
HE /TG LTSRN H D Z L 2R L TV 5.

7, MEBREIX I AT LEKGTHIaX s T I7a €D b
EBLTRY, MEREKRICKT R0 (ESToRBERL L) b
HLLTWB EoRERHD (BEAR 1972). LOLAEBRDL, £TAV—R M
B BRAOBEOWEICLSE, %/ AT 20T Y B Y HECHTHE
R EEICHBR/ NPT ROEREZRERLZDIRL, ¥/ TavEVIX
TERE I, FRERVEBHRBEORRZE L LTHLZ LR TY
% (EEZA 1972 ; Funakoshi and Takeda 1998). ZDZ &iX, ¥ 7 v 7 av £l
Laxs AT ayEe) OMICE, KEBORKRICK T 2RBERREZDDS
BEIIRNWZ EEFBLTWD (BEAR 1972 ; EH 2008). LAL7dsbERIC
X, 70 7avE) S, axI T 7ave ) BnFgie X 5 /NN HEO
BEREZHEHELTNDZERHALNL o7 (Table9).

AT A agEY (Noctilio leporinus) 25, BEBHIVIITRABRRZEEFL,
FAeTavEY (Myotis myotis) 75, MER & FFRICBHIT 2 EMCHEEEZ B
5D, HERBEREBEEICVAAVESICE, IvE ) IREE IR
RHAETERET, RRLREEKE CTREZBIMRSEEX 6N TS (Neuweiler
2000). ZHhoDIENnD, XI7HVTavE Vi, BREFIMCHE LZERIX
RESIZBADLLTHEMNRL LTV EEZLNS.

AFEIZHL> TR I bW -ERRAETIE, ZhboF A PA—X FTi
X7 T ave) PAORIIERINRDI T, T4 M—X FDOEH
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B1REZBELNTWBERENERDS. Lo T, RBERERIL 714 M—X1
DEFEHC BT 5 REER 2D S SERBEES 2 BT SBELR/F O L2TRL
TW3. ZDOEYIE, T4 bA—2 MZEL, BF0RH (RE) »oEEh
EREBROLRESHN, 2V ) OB L SR R OB L D ER
ENBZLT, KEBCRITZaUE) OBOEHEMEEZZX TV D LH#EESH
5.

LEB->T, SBOMETIE, KEBRKERTIaUEY OABHHIILL S
BREAEET D70, R & SfEEHESH L TR o TOVRVEIZOW
T, RRAKCHAEZRBIRILENRDDLEZADND.
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Table 8. Date observed a Rhinolophus ferrumequinum at night roosts in the central

Akiyoshi-dai Plateau from June to July, 2007.

Month Date observed at night roosts
June 9-10, 14-15, 16-17, 25-26
July - 7-8, 8-9, 11-12, 13-14, 14-15, 15-16,
16-17, 18-19, 23-24, 25-26, 26-27
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Table 9. The insects preyed upon by Rhinolophus ferrumequinum around two night

roosts in the central Akiyoshi-dai Plateau from June to July, 2007.

Collection date

Orders Families Species (Number of individuals)
Hemiptera Cicadidae Platypleura kaempferi 8 July (1), 13 July (1), 16 July (1),
23 July (1), 25 July (1)
Meimuna opalifera* 27 July (1)
Coleoptera Scarabaeidae Anomala albopilosa* 7 July (1)
Anomala testaceipes* 7 July (1)
Lepidoptera Limacodidae Parasa consocia* 12 July (1)
Phlossa conjuncta* 7 July (1), 8July (1),
12 July (1), 13 July (1),
25 July (1), 27 July (1)
Pyralidae Locastra muscosalis* 23 July (1)
Unknown 25 July (1)
Geometridae Phthonosema tendinosarium®* 23 July (2), 27 July (1)
Hirasa paupera* 7 July (1)
Amblychia angeronaria* 10 June (1), 25 June (1)
Amraica superans* 18 July (1)
Unknown 7 July (1)
Lasiocampidae Dendrolimus spectabilis* 7 July (1)
Sphingidae Marumba gaschkewitschii 12 July (1), 13 July (1), 14 July (1),
18 July (1)
Marumba sperchius* 12 July (2)
Acosmeryx naga* 16 June (1)
Macroglossum pyrrhosticta* 13 July (1)
Theretra nessus* 12 July (1)
Notodontidae Phalera minor* 16 July (1)
Torigea straminea* 10 June (1), 14 June (1), 14 July (1)
Noctuidae Bastilla maturata® 7 July (1)
Calyptra thalictri* 25 haly (1)
Sypnoides picta* 10 June (1),16 Jupe (1)
Chrysorithrum amatum* 10 June (1)
Diptera Tipulidae Tipula (Yamatotipula) aino* 12 July (1)
Tipula (Yamatotipula) nova* 18 July (1)
Unknown 14 June (1)

Asterisks (*) show insect species newly identified in this survey as preyed upon by R.

ferrumequinum inhabiting the Akiyoshi-dai Plateau.
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FI3E FTUTavEI X IV TavE) ORRBIUEFEHRE

3.1. E®IZ

Ta—ab—a REA LI, EMICETSEITHS. avEJICE - T,
Z OREINTEOLTFEE, Tbb, WA, Bk IOEHITEHICE O THUHA
DS THS (Kunz and Hood 2000). Ta—u b — 3 VEENL, HAEERZD
avE ) OHERICIEHD - TEL T, HAERN LMY 5 E TOEREMITTERL
&% (Brown 1978; Brownetal. 1983). = V& U OFFREICE 4 5#E Tid,
FM 7V R CIER BB D L5 L FrgeRe o R, CF ~v 2 Tl CF A 33K
D LR LR OEMI L o CEFRBEEL, =a—ualr—a 7 ULAR
SERINDZ EBRHLNICIN TS (Matsumura 1979; Brown et al. 1983; Moss
et al. 1997; Liu et al. 2007; Funakoshi et al. 2010; Hiryu and Riquimaroux 2011).

avE) OEFEZICETAIMHE T, WEHBMTOEE~OABEEET
L7, EEOYV 7Y ZRBEAPD AR I LB Z3bis (Moss et al.
1997; Sterbing 2002; Vater et al. 2003; Liu et al. 2007; Monroy et al. 2011). 7, ¥
SMEEREEE IR E LTEFR T, SHEROHAE B OBENRERT-D, avE])
DEFEDRETH HHHEESCTRFERIRICL > TRABBHEEINS (Moss etal.
1997; Vater et al. 2003) . HiBEEDHER, FHEIC L 2HWETECRE R EOHE
BEOEELZITB-D, EEENKEVY (Kunz and Hood 2000). ZD72®,
MERORE AT, RIBESCHTFEMELEREL L THEShZAKE, &b
WWHBMICEEDLND. I DI, FAEEEEZAWEHIETS, yYFY T
DOFERPBEEN TE & OB B4 (Liu et al. 2007; Monroy et al. 2011) b H 5.
L2 L, HANLLEBMOY S 7T, ERXVEWHBNICAEICE
THEBRIEE SN TLE D WTREESEV.
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g « fakE (2004) 1%, S avEIRT M SARERETDH/LravE
VIZHOWNWT, SIEBROEFFEZ 1~6 BT LICFEEEL, T/ VLA DBEERED,
4% 28 B E TR 528, 3EE»DAEICHEMNL, SHEBUBE
ETHEREL TS, BIRO LS, FFRBICHETIHACITHBEEND
D BEOHEESS, BERICESI YUV BB bhbZ LB£L, /v
YayE YOk ) REEERSS OSBRETERE STV, BREES
DELDEHEICONTHORBRBBI R DL, EFXATORRLIE
BEOaTEYIZBWT, SIROBBICESSFERRY 7Y 7 E2BIRW,
BT HLERDD.

KEBHIRICAEB L TCWAT v ZavE ik, S\ FM /LA Tna—a/s
—TarERBIRY. —F, ¥7FVITavEVIE, BIRIZEY FM a2
CF VAT a—alr—var RBIliRd. KETHE, BFFATHERESE
725 2 BOaTEVIZONT, HECESWTEMICY T 728729
T THONE RO EORERIUEFREOBRBLHRE L, EFHKED
BEIc OV TERT 5.

3.2. Hik
3.2.1. 7v7ave) ORELFAE, BILXUIHROKEDIEE

Ty 7 ayE ) OFEIX, 2003 41 X TN2004 4 5 A T, & RIKE R
ORE D (Fig. 19) OWMOICHAIE (B 5mxiE8m) ZHRE L TEI RN,
HR LI AARADT V7 aye ) ERE1EHTOMBE L. 2003 FiCHBEI N
BEERIIBNICRBEINZE&BR 7 —Y (07mx04mx14m) T, —J5 20044
I S N BRI ONBICRE SN AR — YT (Imx 1mx 1m) 7
Bl WEShEEERICE, B LTK, fROI—AT—2H DV ITES
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THELZTESCHFRER L 2BREX .

FE T CHELET V7 avE) OSEBRORBR & AEILX, /¥R (Dejimatic
Caliper CD-20PS, Mitsutoyo Co., Tokyo, Japan) & {AEEt (DC-6V, TANITA, Tokyo,
Japan) ZHAWTERFHAIL7-. 228, HABRZAK OB L L.

HEBRORFIHE S EFROEEHBT 2720, BROOLOBELIZSHERIEF
BRI LEEFE2&EET LE. 85I, Ny bF 4727 #— (model D980,
Pettersson Elekironic AB, Uppsala, Sweden) & DAT (TCD-D100, Sony, Tokyo, Japan)
RV, &8 LIZEFIX, TN Y 7 b Bat Sound (Bat Sound Professional 3.1,
Pettersson Elektronic AB, Uppsala, Sweden) 12 k5T Y75 MEH L, &gy
BHZ DX 10 SARAZBIEBICHIE Lz, FFERE LT, £V ADLMBEERK
¥ (Start frequency), FEREM$L (End frequency) 3 & UUFGiFFRE (Duration)
ZRIEL.

7B, Tv7ayEy OSEBORENIL, RATEIZEZREICUTO 3 Mis
HLT.

BB (newbom) : RN LBV TRA L 468 5 F TORH
FRMBALEN (flapping) : RECARRERRAMEZ B 72 5 Rl
TR (Qying) : FSRERITAS TR R HE

3.2.2. X7 A7 avE) ORELEATE X OHEBRORRORE
X7 AT avE) OFEIE, 2007 £ 5 A, KE BB IKEHIROME G (Fig.
19) DN THEMEZANTB IR, HRLIEAZADXRIHF7avE) %
HEL-. MEL-ayEYIIEMERDOSr—Y (16mx1.6mx1.8m) THE
L, FiakEHROI—NVI—LEEALE .
HETCHELEXZ TV T a v OSEOFIRE & KEIX, /FREE
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BEHETHAWCERHEI L. 2B, HEBZARKROB L L.
HERDRRICHE S EFOEMEZFHT 5720, BERPOSM LSRRI B
BICR L EFEEE L. &5, Ny b7 4727 % — (model D1000X,
Pettersson Elektronic AB, Uppsala, Sweden) # 7z, & LE=FF X, THHT
Y7 b Bat Sound IZ K> TYF 7T LEHRL, BHEKEEFHIOE 10 VR EE
EZICHIE LT, EFERE LT, &7V A0 CFHOEEEZRIE L.
TrZagey LREER, X7 TT7avEel OSBROREIL, RATEZ
FBRECUTO3HICHELE.

FABY (newborn) : FEAEDN L SERDTRIAL 140 D F TOREH

FEFABALEH (flapping) : KRR TARZERRAE R 72 5 K

BLUOFRATREY (flying) : FeRAT S FIREREFH.

3.3, WE
3.3.1. Tr7avel OHBROEE

2003 435 1 U8 2004 EICHEME LTz A AL, Th2hE&E0 7 A ERICHER
ZHE L. 2003 FORENT 2 HOSE (LT, S8 1 BLUHE 2) ZHE
L7, 205 HbOSER 2 IIBEROBIRKEC L Y £% 1 BRI TR L.
—7, 2004 FEORBENT 1 EHOSER CIT, $hER3) ZHELL.

HER 1 BLOYER 3 1%, & HICHARICBWTHRL, »omF0EMIIE
BRI E LT, AR E T, AEBITER, B, #RCPOERLR
7o, ShER 1 T34 10 B BIZ, $hE 3 CTid4A% 4 A BICERBHR L. B
DHREOBENT-DIISER 1 CI3E%R 1 BHE, SHE3 TId4E% 0B EH, h2
EEEETEDNEOIISER1 TIX 12 BE, B3 TIE% IBE Thotk.
SERDEEX, A% 1 » ADS BITHERRERICRIETRR LY, BEXLY
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BWEFATH 7.

Figures 20 38X TF 21 13, TR ENGE 1 B L TSE 3 OpiRiER (HiR)
IR L BEOE(LERLTWS. RileEiX, $hER1 CiX4&% 28 B, 9
BR 3 CI3AER 17 BREICHEE L (Fig. 20). AEIX, $HE 1 TrxE# 35 AR,
ShER 3 CixAE% 32 BEc#EMm L (Fig 21).

RAMTE 2 HERIC LT SER DA R B % Fig. 20 (T~d. HABRMIT, $HE 1
TIXAE% 28 HE, $hER3 CI3A# 17 BEZE L. £/, RARESBHIL, SHER
1 TiIXAE#29~40 HED 12 B, $h8R3 CIXE# 18~24 BED 7 RMZZEL
7o. DI, RAFEMICET A ETICE LA, 81 TI3&E#% 41 B,
SR 3 T4 25 A Thole. MR T, AEROBRL, HE 1B IULHE 3
& HITHRA TR L v ENCELR L (Fig. 20).

3.3.2. X7 HVT7avEel ONROE

2007 FEIZHELI-X 7 T ayE) 02 ZAEEIE, 6 A THIC 1 EHOSER
ZHELT.

X7 AT Tayel OHhEE, HARICBWTEHIRL, »omAFDEMNITE
BRI AT LT, (RAEIHBE T, KEEIES, IS L OWEC S bh
e, X7 TV T7avutl OShBITAESR 20 HBIZE2ICERIBL, FEAS%EEEm»
LEENT-DIXAER 6 BETh o7z, ShEROKEIL, £8 1 » AD S HITHEEE
RICERIETHRELEDY, BERIVBWEFRTHo .

Figure 22 B XN 23 1%, X7 05 aUE Y OSEBRORERE (H#) 12fE>
AR L REDOEME R LTV 5. BiERIE, A% 30 MR L (Fig.22), &
i, £ 34 BRI L (Fig. 23).

Figure 22 X, RATEHZIHBRIC LIZOBROBEEEHEZRL TS, F7 TV
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TavEy OFENE, FERHE LCIIHAERD S 20 RFZ, ERAMREGE
WA 21~29 BEETO I BHMZE L. EbI1T, RAFEMCESHET
WCELEZAET, HEZE?H 30 BThok. MAT, HiBEROMED, FRAA
BEH L v AT IE LT (Fig. 22).

3.3.3. T 7avEel OMBROTEHRE

Figure 24 B X 251X, ThENhT > 7 avE ) OH5E 1 BLUCHER 3 KN EH
ISR LIEEFDO YT 7T 2%RT. £z, Figure 26 B LU 27 1%, ThEhs)
B 1 BEUYE 3 OFFORAKEMS GHEEEER JOKREEER, BLT
BRI OREICEY BILETT. T 7avE) OSBOBREICHEST, F
FHOMBEE RS L OB EEN LR L, FERfIES Lz, SBROER
i, A% 2B A TEEOEE o Qo (Fig. 24A-D, Fig. 25A-D) 73,
LT DR RO LRI > TREPHEEL, RECERORBTITa—n
r—=a s OVADE 57 FMBICEL L7z (Fig. 24E-H, Fig. 25E-H) .

Ty 7 avE) OHEOER ORI, ShER1 TIXER 15~23 BED
8 HREIC, HER3 TixAE# 11~16 BED 5 BEICABICE(L L. 5Bk 1 DF
FOREERSDE L ORER (+SD) I, EHEKETIE, £% 15 BFT
1.58+3.32kHz, Z4#% 15~23 H B T 12.97+32.99 kHz, 4% 23~50 HE T
1.15+2.31 kHz, #IBERETIX, £ 15 B T0.63+2.04 kHz, A1 15~23 H
H T 6.32+13.54 kHz, 4% 23~50 A B C040:2.82kHz Tholz. —F, ShE3
DEFDOBRFEERSDOB Z L ORE (+SD) 13, HBEEAREETE, £% 10 H
¢ 1.28+2.35 kHz, 4% 10~16 H H T 15.60+6.56 kHz, 4% 16~50 HE T
0.74+0.98 kHz TH YV, HKIMMEIE T, A% 11 HEIT 1.29+2.58 kHz, A& 11

~12 H B T2299kHz, A% 12~50 H H C-037+3.10kHz Th o7z, 2 EDOLIER
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DEFDOEAGIL, FRAPIBHI L VAN T L.

3.3.4. X7 HVTavEY OFROEFEFREE

Figure 28 iX, X7 7 avUt ) OSEPBRENIRLIEEFDOY T 77 4
L, —H, Figwe 291X, L6 DEF D CF BOFWBOREIC E S L%
R

XIHTavE) OHEBOEFOREIL, £% 5 BEXTOREAE®Z 6 HE
UL TRELL BR-oTRY, A% 6~15 HEKH7=5 9 BREICAEICELL
7. % 5 A OSEOEF L, EABEERIL 11~16kHz T, F4~5FF £
TENU EDREE Z LR, SR OREEEITEREREKICH -7 (Fig. 28A).
FHEOERBREL, A% 6 HBICABIC EF L T25kHz BLEIZEL, 20D%,
A% 1S BHICOTTRBICER L. A% 6 A HLUBROEFTIX, F4/BEL
FOREFRFEAEBEINRLIRY, ZLDNSVRTE 2 FEVPEEREELY
AL, &% 11 BUBROEENL, BREREFRL XL, §XTONVARATE 2
BEPERSEELZTT LR . ZOX I RFBRT, SBMOFFIZOL
S RERER TRERE O —ar—Ya VSV RICEL L.

HERDOEF D CF HEHREDOR Z & DRRHE (SD) i, EXAEBEETIIAER
5 AfIX 1.81303 kHz, 4% 5~6 HT9.91 kHz, 4% 7~15 H T 0.73+1.1 kHz,
A1 18~43 HT0.09+ 0.11 kHz TH ¥, 55258 TI3AER 5 HFIE 3.72+0.75 kHz,
A% 5~6 H T 19.82 kHz, £ 7~15 H T 1.47+2.2 kHz, 414 18~43 H T0.17+0.23

kHz Tholz. SIEROFTFDOEAIL, RABFSEH X Ve T Lz,

3.4. EE
AW CHWE 2 EDT 7 avE ) O5EE, HARORIRER X OHBE
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WCHEERERALN, ZOEIREBARTHH/ LR o7 (Figs. 20 and 21).
SER LI, AR L BBUNICRET LIESE 2 L& BIC 2B THALZDITHL,
SR 313 1 ECHA LD b 0D, HAROEIC OV CIEEFRIC L 5380 %
2bhd. Z<0avEVIL, 1 EO%HETIHHET D, —HOETI2
BH/ D 5 EEZ HEET S (Tuttle and Stevenson 1982). BEEHET AR TI, 1§ET
HAE LU=, B cHA LGB I Y HEENEY (Kurta and Kunz 1987).
— 5T, HETCHRE LESRICE, RERBESELDIZLPAMONTND

(Kunz et al. 2000) = L7/nb, HAEROENREBE TR/ LENSET LT,
FECLAEELELONG. LL, PR | ORATE & EFIIRREICH-
THEL, RATERXREBECEELELD, TF ERAESORKZICIIRHE
Dol LHBE D,

7, AFFETHW X7 TV 7 avE) 05hEE, AEOENMEFIZKT
BHFFE (Sano 2000; AL - F&IT 2001) & Ml L CHIBE OREICEBIEH Y,
LY ORPEIVEERESKRT L. LaLl, RATEORZOKRMIIE
NER & A Cho T2 L b, ABRTHVERKT, TFERMENOR
BICIIES R o LMW Lz, X T, AMETCHAWEX I TV T avE
U OSBRSS EH 47 B BICE L RAEEL, RO a—a/r—3 g VAL
D HRORLEVMETH -7 (Fig28D, E). FRATREL R oo ShER L BBk & D=2 —
ar—va RSV ARRRBITLRABREDEL, ¥ 7avEY (Jones and
Ransome 1993), V—%27 5 2% Y (Rhinolophus rouxi) (Jones et al. 1992)
BLY, 75V 0R% 7 H T 2% Y (Rhinolophus blasii) (Siemers et al. 2005)
THHEINTVBZ D, EFEBIIMER RN 2T WVR 5.

AHFETIE, 2 TVEY OHEO BEICESSFEMRY 7Y v 7I2L - T,
FrZage) X s A7 ave) OHBRORRBROREDRHIC, F
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By DR REABPRID Z EPALNI R, T 7 ayE) TE,
BR1TiX 8 HREIT, $hEk 3 Tid 5 BREIC, HFF /L RDIAEERET L OWHER
B EBITHIN U (Figs. 26and 27). £72, ¥ 701 5av®y T, &
#%S5HBEE 6 HETEFOREBIRESEL LK, 9 BHREICEF/VAD CF
HRBEENBBCHM U (Fig. 29). ZoO X5 2EHHOEIT, ZhETic
BIRONTETEBICESS T FY I TIIHLNNITHZ LR TERM
SllEZLND.
HBROEBEREICB T, EVHENICARICBEZ 28X, BEIcES<
V7Y T ENLEBRFRETH 2, HERY 7Y v 7R FIMERE
TBIRIZLIIRETH DD, ZOL 5 hAEFHREIFETTCRESNS.
ayE ) OFE T, HERSFOERNE IUEBNREOBRIIES TIX
24, MERESBROBETHCHROMRICH L THEL KT ARSI
BETERY. LML, FFETELNIZEAFERRS ORERER~DSE
2k (B 3 E) 1, BBICESLK YAV U TIcdk o T, HIDTHLNZ o
. ZOX3IE, BRICESS YU 7Y U0, EEREBICET 2 EHEICE
THELEHONITEDEW) RTEHETHS.
SEELNZMRIE, aUE) OABRRRIIBIT = a—ur—a VS
DREZBRELZHONCT S LT, BEERRRETHLLEBZOND. HBROTF
i, BEXFEROBRBOELSY, FRORNEZHETIHA @R FRE) ©
FRBIESTELL, ELKEERIPLDT 41— FAy 7 Ik > THREiSNS
(Ribbsamen 1987). Z D Z &b, AR THE SNz, HEBOFTF OREEK
o DIRBNCEAL T D RENCIY, EWRFRHBORBZC X > TAEERS B LA
L, TORBERERORBENRB D LExbNS. 5%, EFEBICMZ, F5
BREBIUHBEROFMREEZRR L, ThAENOBEBKREZHAONCTEHZ LT,
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Ta—nkl—va YRRHIOFEROBRLYFMSATETE S L HFIND.
EERBEORENAEROEOERTHD LT DL, KFFETHLNIIR
ST EEDORBEESOENLZ, Ta—asr—YarERBIR)avE VA
LBOREFBBETHLAEELZRRL TS, LrL, avE) OREBRIC
RIECRE, BEOWETER JORERER LY, EENHBENLHERE
HRE B A KITT (Tuttle and Stevenon 1982). D728, EFE OFERET
DHLOICHHIRER S LFREM D H Y, SRITFTFOBRECRRRER R ED
FFEITHE D BEOBANCHIRZE R H B E I Dy, FADLERDD.
ayEYpra—asr—arFICE BRERHDZENPMON TS,
HIRERNBRONDEFRSL, BFIA TICL > TRER->TWS. FMETI,
BB/ VAR (Simers et al. 2001), RARIBERFE B (Y—7 AL
(Jones and Parijs 1993; #8#k 2010) 33 X OV AL (i 2010) THY, CF
LT3 CF HOEHE (Guillén et al. 2000; #24F 2005; Yoshino et al. 2006, 2008;
Jiang et al. 2010) T 5.
FrrZaveYora—al—TayEFTR, JLHEE LRI TREE R
L E— 7 AEROE FHECHIRER S D Z L BREIh TS (vl 2010).
WAL L v — 7 BT, AEEERE TIIZN T 43.6 kHz 8L
51.2 kHz (Fukui et al. 2004), FIJLINEEMBE IR TIXZ €4 27.4 kHz 38 L T 49.6 kHz
Th Y, Ll EAADTa—ar—3 g UEDIE I BERICH S (BB 2010).
AR T, FAEICBVWTHIRESRNIEFRSD S b, KEHEARKORE
WIS BNz o 7= (Figs. 26 and 27). FEEREUL, HHEEE L & HITHR
FBMARTOK B CRMICEL, ZOREELE. ZOI kb, T 7=
7E Y OHURERBEN D E RS DO L DO Th 5 KIEEEIL, AL
WC5ERT D EWVRD.
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—F, XIZHFagE)TIE, TrravEey L REBICRIBEBIRNICE
WERR A DS AT HM L7228, #INg O CF HMAEREL, REoOBEEEIL L
RRBEVVEEZRLE., ZhE, ZORICILIZEBEREZ 2AlgEEZ R LTV
5. X7 HVT7ayEey T, —EiZbico T 2~3 kHz W CF HEARKENE
6922 LRHEINTWS (Jones and Ransome 1993). X 52, REROEEL
ST C CF BB E 115 Z & 3R STV 5 (Jones and Ransome 1993;
Yoshino et al. 2006, 2008; Jiang et al. 2010) Z & 23b, ¥ 7 H T avuE VU T,
Ta—abg—a VEOENELEA L ESTZHR, X5HIT CF HARKSEMLL,
HsRE DRRE AT LEALND.

AFETIE, 7o 7a0F) ORBERZRTH I —DOOBHEEEZILND
FM EOE—7 BEBIIFHTI TE TR LT, X7 T 7 avE ) OFRMATEE
% OEIICOR 5 BAEEELITBIFCE T, 5% OMRETIE, fTE
BEZE0TE LB, EEOEMFAELRI RO ZLICXo T, HIRERDR
BRI NDEHZHONCTINERD .
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Fig. 19. Study area in Mine City, Yamaguchi Prefecture, western Japan. Grey indicates

=
‘
‘l
.l
-

the limestone areas and closed circles show the cave entrances. The two open circles are
the caves surveyed in this study. Cave D in East Akiyoshi-dai is the location where the
two female Murina hilgendorfi were captured. Cave G in West Akiyoshi-dai is the

location where the female Rhinolophus ferrumequinum was captured.
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Fig. 20. Growth curves of the forearm length of infant Murina hilgendorfi. Open and
closed circles are the forearm lengths of infants 1 and 3, respectively. The bar at the
bottom shows the growth stages of infant 1 and the bar at the top shows the growth
stages of infant 3. These states were distinguished based on locomotion ability.
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Fig. 22. Growth curve of forearm length of an infant Rhinolophus ferrumequinum.
Growth is classified into three stages based on locomotion ability at the bottom of the
graph: newborn, flapping, and flying.
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Fig. 26. Developmental changes in the sound parameters of infant 1. (A) The change in
the frequency parameters; open and closed circles are the starting and end frequencies,
respectively. (B) The change in the time parameter. The vertical lines represent the

range; solid circles the mean, and rectangles the standard error.
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Fig. 27. Developmental changes in the sound parameters of infant 3 (A) The change in
the frequency parameters; open and closed circles are the starting and end frequencies,

respectively. (B) The change in the time parameter. The vertical lines represent the

range; solid circles the mean, and rectangles the standard error.
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Fig. 28. Sonograms of the infant Rhinolophus ferrumequinum on days 5 (A), 6 (B), 15
(C), and 27 (D). (E) Sonogram of the echolocation pulse of an adult R. ferrumequinum.
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KEBHIRICIE, SBOWENFET 51T0>, KRRER L ZOEMZHT
BHRBHH L, SHERBEZAHLTVWS. 2070, KEEHIRO BRRE
X, aUEVICL o TEERERGHEREL TWD LEXLND. AR,
27 YV EOA BB L > TKERHIRO 2 £ VHORME Z DA ZH
LT AHIEEZEEL LTRY, KRX T, KEROWBICALRTS 6 &
DayEIDIL, FUrTayEe) R HTavE] 2 BOARBRREIZ
SWTHRE L. TU 7 avel OARIZOWTE, BERESREMEIAT L
W, KEPOEMCHT CTREETANV—X P LTRIALTW ST 7 ay
TYOEBHAELR I hoTc. £, 20 avE) OREMIBITHEEL K
WEHEZHALNICT DD, T 7avte) ORBEUSNDT A V—Z FOFE
BIOHBREEICLD T 7ayE) ORBESHRE, RoCICxI7 TV
ayEYDFA M—R N BERHICETOIAELZRBIRolz. &BIT, 7
Y7 ayEIRBLIOXR I AT ayEY OBFEFRZEORBLERLNTT LD
DFEEZR 2ol

KEBHIRIZEDOL S RayE I BRENLS BWARLTWD D, £OEKE
OEECHBELZHLNICT S Z L, KEBHIRD 2 7 VHORKEETEET
5 ECEETHD. avtl OEKEOBECEELZHLNIT 51202,
L OEEECEBRER, ECRBLCHFEMREDHRPIKLETHS. KESR
HIROIREICAELT D 6 MO avE Y TiE, BRHICh 2ESEHEREOR
BILESNWT, Vo — B LEGEEHENB I 2bh 5 (BERIEN»
1985). Zhick s &, SROMWEBMEROTEHEIL, I/ V72 vEFY TR

1975 D 1982 FE DM 3,630 8, EE I UE Y TiX 1975 FE0n D 1982 0D
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FIC2301 88, 2 H=ayEY T 1975 & 1976 T 6,409 HEBE S T
W5 (BEARED 1985). aXx 7 T avEVid, 1967 FEnb 1969 FOMT
8,6558 BHEHEE S TWD (BA 1972) 2%, #ERREER ) MBIERIC L DE
EENKEL, ERFAENFILEINZO, ZO0%RBEEEHEEIIBZ b
Wi, JLravEIBRIOT U avEe i, ARERDRL, EREE
BREBRB Vo7, EEEHHETR I bh vy, /rray
YV IX200 BERNE, 77 2 VE Y BEHEEE L TRINTOE (AR 1972).
ZDHL, &IIET V7 avE VIMEFERUAOER MO 5 L L TR
Sz LS, MERHIROa v E VHOPF CIIZEA LEBEIR TV oz,
L LABIE TR, 9 FERIOERFHEREIC L > T, XETHNOTL RIEH
AFRFRE/D I LN TE, £722007 FFHIC 3 SORERE LR LA
DOEGEEE 70~100 FHE HETHZ LN TE . (B 1E). ZoHEMIL, #E
BHIBRICART ST 7avE) 0O—HOBEIOBOLNTERTHL D,
KEGHIRSEICAERT 5T v ays ) o Ef/ERIE, /1rravEl e
F%D, T LTI LHD. U bbb, hEEHROoa T
VHOREE LT, MRV, WEUAOEHRbRSHETHT
YZAagEYR, TRETFRIN TV LY ZVAREEN AR I .
AHFF T, KEBRHIRICARTAHT V7 a v ) OB ENRAEELIH
LTl olz. AL, KEROWEEZLHIOFHORSHE LTHIALD
D, TSN DOFEFHITIL, EBAREHIE X VR L & LHEROHGER %
BULRERGFE LTWHMEENEY B1E, $2H).

T 7 agEe VL, RECHREEORELZTRPTWVWARERRELZRSIL
ELTHIAT 2 Z 2 83MEEINTWVWS. AR T, KEH TOH THRELSE
DRHE LTHARE AZEZFIRA L EBHALNC -7 (F2E). o4k

84



BHICIX, ML THESTZARDE (LA 2006), REDOEEHHER W
1993), RBHEMOK: (BT 1958) RETRERRENL TSI, KERHIRICAE
B35y 7aveldb, A<Sb e LTIEIERBEEZFATLLELEZION
5. KEBDORFKESMHIRTIE, HREICRKEOBENIL, BORML
AHERE, Trvave)dadh e UTHARRE S B D888, |IKE
DAL TWIRWEIHIBR L D bEREET D LE2LND. ZOX D BT
ERESFIALTCWDENE S D, ERREOABREICHRANOREDOFIEN
BELTWANE 5 B LTiiE, #ER ORI L AR O SRR
DOREFRPEAIND LEZDND.

—F T, MEBHIREZIICD, WOrOHIZ T, 77 avE) X RE
R, HERE, HBRHEZELEREOD DBINCEHRICERST 5T LI
RWENTRBY (R - §iH 2004; JRHE 2011; @E 2011; 8 1 %), ZhidEH
DORRIATH LR L TV ARREEENS DD GBE1E). 7o 7avEelid, Ll
FHRECBHTOIEE Lo TV ATERERDHY (B 1E), MEUNORID
BIRE b, oYY CEELZERBIRBE Lo TWDIR, HDEE
iciE, WEOX I BREFHOLEL LTWAHBHENIH L Z b, KER
BIZBWT, AEIIAREOEERERBGFHO—DOTHDLLENZD.

A THBRE Lz 2 BOavEI DI L, X7 HVTavE ) BKERD
BRIV 2R LTHAL WS Z LALLM Ro T (BB 2
E). X7/HVT7ayE ) EHPENORBEOTELRBEY G, BROICHE
THLEVWHIHENSH D (Jones 1990; Funakoshi and Takeda 1998; Ransome and
Hutson 2000; Franders and Jones 2009) 7%, ABIZEOFEHD T A P —R &
A3 2EESFREZHEE L TWERISIMES, NEOTELHEL TWLH DR
ERESh E2®). a—myREEICABRLTWEX I T T7avE i,
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BEEAOF A "—R b LT, SOBBSGREOMHEE e (Ransome and
Hutson 2000) . ZAUid, ORI ZZEM TIIRALES TH Y, ETMHBEHORK
IHEECERELBET HIHHF L LTCoREZ LD, ILICFOEOETIC
KEOEANHEAETHZEPEBATHD LEZ B TVS (Ransome and Hutson
2000). KEFEBHIR T, L <ICEOBEOHFLIMIZAKRBRER DY, FAREER
HICHENTWS Y, F—ry EEOX s TV T ayE ) B, HEE
BORBE & VS BREIFEL L TVD. HOBOERIIFBREM TIIF DK
HixB Z bWz, EROREAEITEL VD, RITHETEO L&KM
DS (Yamanaka et al. 2007) Z &0, FRACEEERT & L TOREIL L UREH
BROFERL V) S THEFHEHL VWA EWNZD. ZOZEND, KiFRE
OFERIL, KEBRHIKOX 7 T T avE ) PARMBORE RFEE VLD
BHENOHBHE CEHREREL LCRIAL TS Z L ERB LTV,
EERZBICETHHETIE, AWMICESSI I 7ickoT, T 7=
VEIRBIOXZ HY 7 avE) OSEBROERKRICE T 2 EFHRZOFHMR
WEAH LN R-7e GE3E). Zhid, TTIR/7Vyrays ) THHLNIC
7o TRV (L - 24 2004), KECHIBMOREICELETD 6 EavEI O
Ih 3IBOETFERERBESEHI N LICRD.
LERERBROMIIY, KEAHIROa YT U HOKMEERTS L CTEE
Thsd. aUVEIOEFFRIEIEICER>TVDR, HEERREIIE U CEGH
BT DR mbn TS, <L —3 7 OEMARCREFICAERT S 2 &
BI3IBIEOayEV X, I X_XTCOEMMEKENOBREZHAT HDICE LT,
R EE IR BB 0BV FM 2V A 2 %45 (Kingston et al. 1999). —5
T, NIIERTD 7w Ae S avEY (Myotis nigricans) 1%, /3T < Tk
BRI 7= =M CORMICESE L TRV, BHFCERTIRENRFET D FM /LR
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EHET B &, AEEEIELS FRRAORWEF 2LV A ZFE TS (Simers et al.
2001). TFEOERIL, REBHOERET TR, EHBEELSISRIT. 3
—a yNZEL ERT B a—u v T T T ayE VY (Pipistrellus pipistrellus) 13

FM 7OV Z DRI EIC L > T2 207NV —7 12T b, RS bIxERFA
FTEDOEMIZG PN TS Z M L7z (Jones and Parijs 1993). T D 2D
EFEIN—T1, HEROaIa=r—vara— L bEBRoT0iekd

AFERBBEA R Z 0, TSI b EVABAL Uiz & Wb T\ 5 (Barlow and Jones
2007). ¥£7, CF AV A TCxa—al—arzZBIR5F7HV7avxy
XAFXFrvaxs T avEY (Rhinolophus pumilus), &™—A7 4 —)L KA
75 avEY (Hipposideros larvatus) O CF ¥EREC 1T, HsEEHEA DA
BHOEBFEL, HIRTHEAINLTWS (B34 2005; Yoshino et al. 2006, 2008;
Jiang et al. 2010). Z @ CF #AEFEHIL, BTHETERINI EEZXNATND
(Jones and Rasnome 1993; Yoshino et al. 2008). LA LD Z &2 b, BUE, & HEM
CEAEOEFROKMKIY, BE~OBEGLBTERICI VRSN EEZLN
5. KR T, EFFATHERD 2BOaYE) OFFHRZREIZENT,

FORBEENDOBEEIEHU L TCHAZERNHALE B3 E). EFEa9,
OB EIRR EHEREOF TN OHEBLZIT LI 00, BEEERE
CHHUREGEEE OBER S EN SRR DS, ke, T 7auEY T
X, TEOHBEROBEROV L OTHHHEHEEEIL, ShERORMBALEH &
VRNZSERT 2D L, ¥V T7avE) OFFDOEBEBOREIF
BMRH D LATRBRENT (BI3F). 5%, 0L D REFREORES,

BEERBES L OBEREND O X O REEBERZT TR Sh, EER
LEEFOBBAZEOARREL PO X I RBRICHGL20EZHLNITL, &
ERWAERTIavEY EHKEROBARRELOBDLY ZMEH L.
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ZDXIOIE, AMEEIKESHIBICER L TS T 7 ayEl OEER,
AR, AEE, HEEEBRBIOEML, ¥/ TVTavE VLKA
WOMEEOFIA & BRI, BXUOIh 60 2 MOFTERZEOFHMER
EFROLNC L. Zhbld, MERHIBTINE THLNIRo TV aRd o7
e OARBIZETAFHLVARLTHY, a U FEOTHOEMHICER
LeZ LI Lo THIDTHELNIERRETHS.

L, AR CELNET V7 avE) OfEROHEEIT, —HORE
HORR SN - HRICHE SN BEENLEONTEERTH LD, KD REDLR
5 LWEREHEZ R I 25 I-0IciX, & 72 5k mgEE AR omms 5%
BThD. 5%IY, BEOHEDOMEL, EKHHADHE T X ToOELd54L
L7 EEERERERS LOEEEHEL B2 2V, BREOKE fHiicAE RS
530 Y HOMRE D A L,

F, AT, Tr7aveyohlbEERGH, BLOERHRIC
WTHFLWHIRZEBED Z N TEER, MERHIRICAERT ST 72 yE
Y DAEROLERERT I, Ty ave) OMEREEIT, £E0
HE, METER EZALNTTINENRDD. £, 7 7ave ) 0RK
By 72 A RBROHIAT L, MR & OREMBMRZ D 7T, AEORAEREZREET
LULENRDD. 6, FPCRBCESTSHEBEZMATINT, KES
BICAERT D7 7avE Y R—FEEZBLTED LI RAEEEZ LTV &
BI2ZLRTED. 5%, WE COEREFRAEHE ML & bic, #E
REANTOITEEIE, BN TORERE, 71V A MBI L 3TBERE,
BOMC L 5BHRAERELZB IR OLERD D.

XTI AT ayey OBREEYE, BERER~HEH~OBEEEHLNPITTLHD
%, AT RNREOEELZ T 2WBEFOFMARRIC OV THRAEL 2T
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Ehbwv. ¥, ROBLEOBEO—MITIIFOBRBSL»H 57D, TDE
WOMEE S FRICEESGHT E LTHAINTW L AREELRH Y, Zo X Hi
BT CIIRHRRONENLEREMEIIRR > TWHEEZLND. 58D
HFECiE, FEREMBEDONRGT CALHRNIFEOEELXZIT WG, B
FOMBEBRDICE T 5 HRERATA b—X NORERB I ORERAORE .
BIRV, ABEORER L BT D 2L T, KEEHIROSREOREEHT &
LCOMER LI OF 27 T a vt ) OREHFTORIRME & R EERE T4 % Bt
BUETHD.

EBIT, AR THBIZ LEEUAOaTEVIZONTDH, FRICESNTD
AR EFRBCET2MREERT O LAMETHD. KiE G HR
DHEATIE, EEEOREENER> TSI EBHEESIE. Lnl, a2y
TV, BCLoTERDIFFORESCRAKAL D, ThENOEDOLREE
BRIERER-TNS 7D, BEREZEOERREIED 2 T « 3 RITAREN T
2, REEROBWGITEIToC, BREEZAMHA L THD SR,
DX RBETEHOFEMI, Ny b AT I —EEolN— MRV AR
TUVARN)—EBIZEBFAEZBIRIZ L THLNIZTE 3.

ZLTC, SFEEABCEDLIFETIE, IROZEABTEFNEDLS
REFAI 2= —varEBIROoTVWEINEERATIED, BTFOEF L
NR= R —BLOEFEEITBRLFANDULERDHD. £, BFEOKRENE
DEREFTEMERINIDO0EZALNIT DD, BFOEFOEEME LT
RTHOZER, BLIOZh L OMMIRE DERZFTANDLILERDH D.

EbiT, HEBMOBEFRECHEERZVEIOBEILICERoTWS. &
EziE, ax s VT aveIRX s AT ave) OMEMEEAIR, #Ht

NOETFEHD a2 =—TH 25 (Funakoshi and Takeda 1998; Sano 2000; Funakoshi et
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al. 2010) 2%, = EFHavE Y OHEMEFERIIFIC—FTHRIZLRSKERE
& 72 % (Funakoshi 1986). Zi 5 3 EOHERBEERMIXIZLAEARTHED G
NTVWaER, JLrays)RLeEynaye ) OHERTERIIMERS T
RS (BEAIED 1978; fvBE 1988; Funakoshi 1991), X HITEEYRATE

) OHEREERL, X/ HUFavEY, axrHrIavEy, avF A
ayxy, JLyayEYRELEMRTDIIENDD (EXIEN 1969). T
JFayel) OHEREEMIIBERE CRLOHTH S ki, S8 EHoTh
CHLEBEBLTWDRRBMERH S (E#E - BFH 2007). 20 X518, FHEOH
EWMBEMIIMENRR>TRY, BB EDL I REFRETHESIND
EnHZEh, GBOTFERBCEELEX TN LEALNDTLD, FED
HWEBITCHERERZHALLICT A LICL > T, WESBHCBIT 2B FRE
FHONCTOMENRDDEEZLND.

L% OB T, HEBRHIRICAERT 240 4 BT OV THARFH LRI
D, MEEHEO b OZRARBRELAVE IR EDISTHALTNDLD
b, I EICER DAFERLESTEE, FhokE SOBEEBERES, KER
DHRREL EOLIITh»boTWED, £, ThbDAERLaVEIOD
EFEEBEDISICERLTVADONEHLNITEZ & T, KEEHIBIZE
JBavE) OEREE 2 YE Y HORROBAIZORIT 2.
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HHHE

AHEOFITICHZ Y, FHAFEN LFRIERICWTZ 2 E TRIgZTHRE, Z
Bh Wz 720 e 0 0 KRB R BB T AR BOR AT B 7RI, TREOE
ZRL, BE<BILHLLITS.

AL OFEC DY, WO RERFE TR B0 EF L, R
geRlgag mh R ek, FFRRIERNERIRGA, RFFRRHEZRRLSIE
A, 72 BONCEIR B EBR R FEBR UL BRI AR SR AT, BERIE)
EEVWEELL L LI, KRXOMIBICOREY TEICZEERZ W EW., &
TIWEHOEEYRL, EX<BILBELLTA.

%%A@imﬁ,%ﬂ%ﬁﬁ%b,ﬁ@&i%ék%ﬁiﬁwfﬁﬁ%wk
Wi, ¥, KEEREEMEF=8H)INcEL, FAEDEE=ZEKH
BrELICE, ARXCELT, BERIBRE ZHFEZWEWEL., 22
EHOBEEZRL, E<BILBLETS.

WA RFEEH S B THEMREOBNROFE - BRARKITIE, FREEIC
THBANEEL LB, FREZBUTCEL ORBREEZ b, EHRMHHKS
BTEEAER S —%, REERK, FAARICE, BHFEECRELCERRER
o TWeiEWe., KERRFEDEOBEROBMBOE S £ITIE, FHFEOD
BT L, AREROZEMZWEEWE., ZZELEHOELRL, B
L L RT3,

BB, AFROBRITICHZY, BLbBEmEm»NbX 2 T BRB X a
HFEOHESE, K KICHLEHOSELZET V.
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