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A population study of the Japanese greater horseshoe bat, Rhinolophus

ferrumequinum, in the Izumo mines, Ishikawa Prefecture, Japan
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Bull. Mie. Pref. For, Res, Ctr. 13 (2001)

1.1, FL&IC

%% #3539 E) Rhinolophus ferrumequinum ¥ 37 €1 B (Chiroptera) ¥ 7 # v 5 3% & U §
(Rhinolophidae) 2B T A2 XKMDFEAET 72U T, 41 F) 2HhSHEBIZMITOHMROBEFICLL 30
43 (A 1972, 1977a : Ransome 1990 ; i1l 1996), HA T3 IbifEs, A, WE, S, K o5,
RENEEIURAE»oc@on (FIES 1994 5 BiM 1996), MA v 2V HOPTREFHEIZRoH
LETHD (FHRIH 1994),

ANEL SRRV, (WEWER (6~ H  ARTRIONBICEST 2RAEREE [HEREBER
EFES) SR (11~ 4 H @ CORBICER T kL TEARREE] SR KEBHoF 7 Fv 5T
v E ) DEET B, AR TRI9THEA S1998F 223 T, WMKREEH R, REREY 1 X, ERiEEo
BHERER, YRORE - FFE, A ZOBMAY V2 — LB XURBOMERERL E4MICEE L,

avEYHIRMRM, tooy—ral, RAUMEEOSMIABELTHBDH2VLEIMALIEEE T30, /&
BRr, tatll, MEREEL JUEF ORI O TR - 245 A HE 5, Zho0BEREOEEICS,
TORARERiHEE LS, REOABIEETHEOT, ARICAZEIZ, 2vE)H, HEEER
FHWAEITE ) OAERREF I H S ) OEFRDIZYT 3 EEOR RAR L THXizl,

1.2, 39U HOEEHRK

A E)HINMEOEMALAREZI S, REHROHZHEILEIRTEITSW - OBABETH 3
(Altringham 1996), & O EBFICEOTH EEOFIG i, oL, BHAoT TR H
(Rodentia) 2K S KEH A —F 424 L, A4 37 E V4 H (Megachiroptera) &3 & VU #H
(Microchiroptera) {Z Kflah 3 (Hill and Smith 1984 ; #i# 1991 ; Findley 1993), @i# R34 A 2w x
UE (Pteropodidae) #71508 o2 D MR OGS L UHBANCH L, BHERFIFFavEIH
2L 1THEB00M O S b, FFILMRNIC AT 2 (Hill and Smith 1984; 3K 1991 ; Findley 1993).
AAage UG, FHARITLT, RE L L C{EEEZA~s01c8 L, av Y EHREDL
I, BRER, B LEE AEBICMEAICESFTEHT, T304 — ¥ a v(echolocation, HAr D
RELZEFOILELHOCT, HRONMHAPLPHZIELEE TS L) KL->TRIF-HELTOLS
(Altringham 1996), {KRPHEAEIZEILT 5728, RiEM (heterothermy, OB T R AF—12 & -
THE* LRSS IBENEFLLENS, 22AF—HBEHAS/100, REREMERIICHEST 268 25
FZXE T3 (McNab 1982 ; Ransome 1990 ; Altringham 1996),

avE ) HihiAWE T4ad 5] (day roost, BFOKER) & L THRAEMAEY 2 —OEIETH D
(Kunz 1982 ; Altringham 1996), ChidTIosr—Y a L itk > TRESOHM»SMB S &tk
Ho 72, H (Order) L XILTRS &, WMAFOH T b RIMPEAUEC, AT TR LELIEH
AHERAHBOBINEZRZ (WA AF a3 avEY Tadaride brasiliensisT20007788 (Davis et
al. 1962), B+ H a7 € Miniopterus fuliginosus (= schretbersii) T20H 8 (Dwyer and Hamilton-
Smith 1965}, CO LI BERZTEMOEEE, KLTRENOHHFRERRLI ECmMA (ELS
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1978), MAMIC &k > THAEMEZILKL, = 42D C2MABMI SIS ZETHEICA-LEELZONT
W5 (i 1991), Z< oo E ) RGO [HERE 2 o0 =—] (nursery colony, Y Fao=—¢&
figd) &PREN 2Bk EMAZEKL, #fh (KU 7 huddling) ZRIC& - T, 4K (infant, Bl
WD 'Y ZABTREGLTI IS OKRHEFFZBT, REIZHD 5 RO 2 X b 28T 5
(| Z1¥, Humphrey 1975 ; Tuttle 1976a ; Funakoshi 1986 ; Kunz 1987 ; McWilliam 1987 ; Kunz and
Robson 1995 ; Kunz and Hood 2000), #fhzhRAsfEnetazdefb s w763, Witz avys ) 02
Fitoh 258 TH S (=il 1998),

fartka w0 3, AFKEEHALICETT 5700, LIRSS (EF - A/ 1991 ; Ransome 1990),
PEH 4 7 VI HREPE (monoestry) T, BIZZER L, HFEiCiHMES % (Hill and Smith 1984 ; Altringham

Fig. 1. The Japanese greater horseshoe bat, Rhinolophus ferrumequinum. A, ventral view of
the whole body (wing span, about 380mm); B, close-up of the face; C, view of the postpartum
female to show a mammilla (m) and pseudomammillae (p); D, a hibernating bat completely
wrapped in the wing membranes; E, a nursery colony formed on the mine ceiling (Photo by K.
Minowa) ; I, an infant cluster called ‘creche’ in this study; G, a female infant calling her mother
which returned from out-feeding.
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1996), ZEHAR~OBGE LT, BRERIAFEDH (KEHOMET | 1) D (Tuttle and Stevenson 1982 ;
Kurta and Kunz 1987 ; Derrickson 1992), &M, +#ubbREMICO L ZENFREICL-T, £FHO
BRABIAWECHME O, DUEIEE U TRHAMIZES T (McNab 1982 ; Tuttle and Stevenson 1982 ;
ik 1991), HARIBARIEL (Racey 1982 Tuttle and Stevenson 1982 ; Gaillard et al. 1989),

1.3 £0HF09FVOERE. 8Bl ULETE

TERE =ML T u ey QI I RS TFEh I T o RRERE, EAlKREL: (Te. 1, 2), B
RIGERCE2HEITFEROANOH S (Fig.2), A R I HOAFEDEH, FEMETIEREMD L HIZ
H51HOEIE (Fig. 1) BIEXT S (EE 1977a ; #44f 1988 ; Ransome 1991), ARIZEFHEF 7 7
53 EUHOPORKET, KEI70~350 g HMESS4~800m, FibiR52.0~650micET 5 (41
1970 ; BRA 1972, 1977a ; MIEB S 1994),

S AERAFY ADSHALP T TOHBROBFIZL AL, AFOPTRIELCHHT2EOV L
STHA (A 1972, 1977a : Ransome 1990 ; BIHE 1996), HAARRM, BEbL, PR, MRl Bkl £
BuE4th<o &l (Fig.3), £PERRE I I oFTRLEBICRoNS (BH 1994), HIETE
FEE (ESH10m) » o LM (BEEALSom) B TR 4/ L, THHROHEMEERRE 8 hFOML
BRERTWrHOL SHEREN TS (Tablel, Fig. 4), ABiz, RIERIZSHT 3R

3rd digit

\‘.'\ (li)
hind foot
Fig. 2. External structure of the Japanese greater horseshoe bat, R. ferrumequinum. (i) ventral view
of the whole body (meodified from Kuramoto, 1974); (i) close-up of the wing showing the wing
measurement. a, forearm length (FAL); b, fifth digit length (FDL); ¢, third digit length (TDL).
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Fig. 3. Day roosts used by R. ferrumequinum. A, limestone cave; B, abandoned mine; C, unused tunnel; D,
crevice in a huge rock; E, channel; I, abandoned house.

R. ferrumequinum R. cornutus M. macrodactylus M. fuliginosus

Fig.4. Map showing locations of day roosts used by four cave-dwelling bat species R.
Sferrumequinum, R. cornutus, M. macrodactylus and M. fuliginosus, in Ishikawa Prefecture (Sano
2000). @, day roosts used as the nursery and hibernaculum: © , day roosts used as the nursery;
D, day roosts used as the hibernaculum; O, temporary or uncertain roosts; A, day roosts quoted
from references or personal communications (a, Fukui et al. 1976; b, Yamamoto 1990; ¢, Yamamoto
1994; d, Yamamoto 1995; e, T. Mano pers. comm.). For the locality number, see Table 1.
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Table 1. Location of day roosts and population sizes

Prefecture (Sano 2000).

in four cave-dwelling bat species in Ishikawa

. e . Altitude Gallery i No. of bats B
No. Locality Roost () length (m) [Date T, s i 7,
1 Ckada, Shein-cho, Suzu mine group 20-30 =200 1981, 4.19 10
BRM T IEREEFE A 1984, 3.21 44
1985, 8.10 ca. 160
1986, 8.14 3 ca, 60
2 Uedo-cho, Suzu bomb shelter 1 ca. 200 1981, 419 3
EEMm LR ET
5 Sirotaki-cho, Suzu building ishrine) 240 - 1881 1
B 23 A BT 1985. 8.10 1
1986. 1
Miniki, Tawsuruhaina oty shelier 20 ca. 30 1
! EemEREE=S 1498, 8. 2
5 Izumo, Sika mine group 20-60 =200 1978, 5.1 21 ca.100 ca. 40
FVFRRERETLER 1984, 3.20 651 197 9 ca. 2000
1985, 3.10 586 112 11 ca. 1700
1986.10.27 105 8 81 ca. 400
1987 B4 506 ca. A 12 ca. 1000
1992, 314 1724 122 27 ca. 3800
1997. 1. 7 1269 89 1 ca. 3500
1997 8 9 404 0 40 ca. 400
1998, 8 2 382 ca, 30 2 ca. 800
1699, 121 645 110 3 483
g Kon-machi, Sika mine group 23-30 »>200 1981 5.23 3 1 1
FVEER R BT ST 1982, 6, 2 1 1
1884, 3.20 43 4 1
1885, 411 Fil 1 1
7 Kuragaki, Sika building (house) 20 — 188597 1
FPERE S WET A iE
8 Sakai-cha, Hakui building (temple) 120 — 188511 6 1
AT AT
g Unoura-cho, Nanao tave 20 100-200 1981 5.25 3 4
TR /AT 1985. 8, @ 2
1985, B0 1 3
10 Sekidohzan, Kashima abandoned house 480 — 1986, 818 1
EREEMITARWD 1986.10.20 1
11 Futamata-cho, Kanazawa channel 80 100-200 1983, 8.20 i6 ca. raf
R RET 1986.10.20 10 ca. 3500
12 Kakuma-cho, Kunazawa mine group i <100 1995, 9.2 12
&R A MET 1996. 6. | 7
13 Kamitatsumi-cho, Kanazawa channel 70 =1000 1981, 3.29 1 4
& Rm LREE
14 Sakawa Dam, Kanazawa unused tunnel 380 ea 20 1981 530 1
SRHENY A 1989, 8.19 12
15 Shimooshihara-cho, Kanazawa mine 160 =200 1999, 413 7 1
? &R TRIERE 1999, 7.25 ca. 20 ca. 20 1
15 Seryo-cho, kanazawn mine 160 =200 1999, 313 43
SR L 1999, 7.25 1 ca. 300
7 Qosugi-cho, Komatsu cave Sol) <10 1978.11. & 21 13
TR ARET 1979, 316 4 154
1881, 8.1 ca. 5
1882. 6. 5 ca. 30 3
158610 21 24
18 Ogoya-cho, Komalsu mine group 160-200  100-200 1882, 6. 5 11
INBAT R /MY 1884, 6.15 3
19 Hatokawa-cha, Kamatsu mine greupn 0 =900 10000 2.1 2 18 2
AT )BT 1699, 7.25 ca. 10 ca. 10 1
20 Higashivama-cho, Komatsu mine group 80 <100 1998 514 4
AT LIET 1999, 7.25 5
21 Ozo, Oguchi unused tunnel 380  ca. B0 1979 528 1
RINEEDHBRR 1979, 8. 1 45
1980, 5.20 2 1
1980. 9. 9 42
1981, 8.41 22
1981, 9.21 56
1982, 5.25 3
1982, 7.24 A2
1984, 7.11 ca. 30
1986.10.21 1 1
29 Fukase, Oguchi unused tunnel {20 =100 1995, 9.21 2
RIIBREAFEE
7 Nekuradani, Shiramine unused tunnal T4 ca. 30 1979, 7.14 1
v RNBaERERE 1985 9.24 2
g4 Ichinose, Shiramine building (house) 850 1979, 7.13 10
BINERE T/ B 1979, 8.24 3
1980. 9. 2 2
1985, 9.24 10

Rf. Rhinolophus ferrumeguinum; Re, Rhinolophus coramtus: Mm, Myotls macrodaciylies; MY, Miniopterus fuliginosus. Ilalic numeral, a maternity
population which included females rearing infants; bold numeral. a hibernating bat or u hibernating population. For the maternily population, the
number of bals was counted exclusive of infants.
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2vEYVABE (R AV Ia9wY, aFx s H e F a7 EY Rhunolophus cornutus, TEJoa1wE
Muyotis macrodactylus B LU E+#Hame)) ohoEEEETH 2 (Tablel, Fig. 4).

HIEE CAMORMY 1 7V EREBET, BICRE, KRTS MR ERIETEA L, FITUEN,
ZHMNE 2B (Saint-Girons et al. 1969 ; Méri et al. 1982 ; Oh et al. 1985 ; Uchida and Mori 1987),
AERMAE RO T O SR AE C, ERCEERE PO A ABRKEORAFCER/ LTI —%
B4 5 (4 1977a, 1979, 1986 . Ransome 1989, 1991 ; Sano 2000a). I o=—{3 [/NEE s k| B
L L, MRS P THER/NMRE (BHED S2008EE) oo —AEEER SR A MnSH
% (A 1979, 1986 ; Sano 2000b), HFEiZBREYE (monotocous, 121 F) T (Ao 1973 ; BEA 1977a).
R ERII 22— 2 a itk - TETFEENL (Matsumura 1979, 1981 ; ¥A#f 1988), 40~45HH
Zhiz-» THET S (Ransome 1973 ; AR 1977a ; Jones et al. 1995), HEARBICIZIE C DKL 245 4
HHEEL (Dinale 1964 ; JEA & 1988 ; Stebbings and Arnold 1987 : Ransome 1991), #HEZah T3
F B A 1X304E T (Caubere et al. 1984), 25 FEROHFEHER I N T % (Ransome 1990), £RiZid,
Hiihdp 2 O3S (MR OERM e 22 0BTE LARE) TR B Z &% (Ransome 1968 ; 4L
rE o 1971 AR 1977a ; H#E 1978, 1988), WEIIA TP, S 4 H LQWE T, We4~5HhHD
Eichic» TRIT 34 (A 1977a), iSEMICIER, HEL, ELLTHEIMoRMRAMERE
4 2 (Ransome 1978 ; ME7s 1977a ; Stebbings 1989 ; Jones 1990 ; Funakoshi and Takeda 1998), 3
O B E P 3 30~64kmLIN T & % A (Hooper and Hooper 1956 ; E&R 5 1975 4 1977a ; Ransome
1991), 130k D BB bicsk SN TS (ATL 1982)

1.4. XHAROEH

AP Y ) /MBI TS O A, PHE, B ROSMEENR (pubertal period) &
SHEE L, MEHOBMEIEL B, O &iF, *X1|19ETZ5H (Insectivora) HEEL T,
Z T-HPE, B8, Ba CEEEEmMENS O (A TIshii 1982 ; Kaneko et al. 1998) O EABIITH 5,
COXIUMENREELTORBRFECIHFEEZFELMG, BHTEaY ) OEKHIIOWT, KEFIZH
DHEHBEHMARC X - T, ERWIBITE LAMIREEZDOTPU L, AHEOHRTHEF I H 53D
AR E, oY FaTE Y Plecotus aquritus& 7 L — 73 F 3% £ Plecotus austriacus (Stebbings
1966), A A okF S ITEY Myotis grisescens (Tuttle 1976b), TEVom 27 EY (HAS 1978
WA N 1989) B & TS L 37 ® Y Myotis nattereri (Funakoshi 1991) O BT EELICE T 3
W, TAUH YT TT I 73w € Pipistrellus subflavus (Davis 1966), I — o wXFF 7%
Barbastella barbastellus, X Fx 73T €Y Myotis myotis, /L 3T FY, F—NrbhrFidhk
377 £ ) Myotis daubentonid £UH¥ 2% £ 1) (Bogdanowicz and Urbanczyk 1983) @ #E4{H{RTE
KO TOMREWIEETEH 5,

FoArI ATV EHEROUBIIES AR TEEhS, (FVR, 753 0A, 415NV TEBIUHE
THFRMI bR, G (1L3,) TEA LA I, MISAASRO S XoFERENR, WERE L UCERF
F (Stebbings aud Arnold 1987 | Ransome 1990), #RA{E{EEED F 1 <o ik 221 & Ak (4 o THB
(Brosset and Poillet 1985 ; Ransome 1989), 2o =— DML A A DREFE (HA 1979, 1986) & &

77
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Fig. 5. Views of the study area, the [zumo mines. Shallow valleys run into the hill (altitude of
about 60 m at its peak), and rural settlement and paddy fields reach the valley (A, B). Hilly areas
are covered with the artificial forests of the Japanese cedar, Cryptomeria japonica and the hiba
arborvitae, Thujopsts dolabrata (C). Mine shafts run almost horizontally under a gentle hill (D).

Fig. 6. Sketch map of the study area (the Izumo
mines) showing location of the mines. A-R, names
of the mines; @, mines used by R. ferrumequinum
as the nursery and hibernaculum; A, mines used
by R. ferrumequinum as the hibernaculum; O:
mines where no bats were found. Stippled areas

indicate hilly areas. 2 ; i ; :
i y Fig. 7. Cave-dwelling bats roosting on the mine

ceiling. a, the Japanese lesser horseshoe bat,
Rhinolophus cornutus; b, the Japanese large-
footed bat, Mvotis macrodactylus; ¢, the Japanese
long-fingered bat, Miniopterus fuliginosus.
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U A ZDLEFR (AS 1988, 1995) MBSz EhTH S, ULk, FEOMEKRIZOVLT, HEWMHEY
LR OWEL L34, RUMICHL 2HEAREAICL - T MIANORBELZ I LR g
Vo E7, ABMAROKXLFRTHE I -0 MY - 4HE] OFEEA, ERBEAO I 0 B
MORF ST LB bRy,

£CT, ABRETIR, BERBRNO I XTOMRENRE UTHBMMRAEIKL, 1) o4y 5a7
T OHEMTHEKEE EAHERFOY 1 X (M, B7 7 X, ¥MA7T— oK), 2) BEOZMk
A, 3) FEREAOBRB SMER, 1) HRoOKE, EFEE, TERBE, BITNREES XCHEROMETH
EVS BRI, S BARTEY S Ml L, ChodREBLOMBEEDYE, AFHD/PDE « RO
——OHEMEREELRIL, B2V HOhTOF 7 A Y7 a7 QRO MBS AT -7

B2E ATMIHH
2.1, AEHOEE
AP ANEFERREENT IO INERER BER20~60m, JE#37°02, KE136°48) Tirbhi,
IHERGIBE - RAZoh T LBICROSHADHA, BEMEZFCryptomeria joponica®s X TFT A+
0 Thujopsis dolabrata® A L#K, BEIZKMIZE - T3 (Fig. 5) HEEEHTEEI0m O 12 316
THIBMWOBES NS5 (Fig.6)

2.2, 39EVROERNR

BEESRICIE, FoHIaYe), 2F7HLFavEY (Fig.Ta), TEYVea37EY (Fig. Th)
Blvarrdavey Fig.To O 4EEHEERLTEY, ¥7HF 529 VE3A, B, C, D, E,
G, I. ITiMBXUKMZ (Fig.6), ax7# 509 0EA, D, GHEBITIHIZ, E€YoavE

s00{(®

No. of bats

J FMAMIJ J A S OND

we ok rrec \AH\ANOEST \m

Fig. 8. Reproductive pattern in female R. ferrumequinum (box below the graphs) and diagrams
showing annual changes in the number of R. ferrumequinum which congregated in the Izumo
mines {a, b). (a), the maternity population; (b} the hibernating population. 8, adult females:
B8 . subadult females; #, adult and subadult males; HIB, hibernation; OV, ovulation; PREG,
pregnancy; LACT, lactation; ANQEST, anoestrus. Infants are excluded from the maternity
population in this figure.
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Fig. 9. Plan of mine A, Asterisk indicates location of the nursery roost of R. ferrumeguinum.
Numerical numbers indicate the sites where ambient temperature and relative humidity were
measured.

VA, C, D, G, I WMBLTKHMIZ, 2EFFavE )it Al LUDHIZR SN 5,

FIHZ ARG, R GEARSEAEERENER oh (Fig. 8), mEERED A L/ — 3K « BE
ANEDLS (H4REH), RRTREH I, BHRE LU 6 ETHEMERIERL, W4TTHELAM
LN ECE L 3o

2.3 BIO#ELMAR

HERREEO ISE OB, WIn s EROMmIIZERFICM AT TS D, HETRBIROEIEE
FoTWad HlELTAMOEEMAFig. 9127 ). KL A CMkEdud, HRRETH o0 5 R1L
(7 Lo R) i, AR OEe « RIEXERS S URER O MEZEFie. 10i279, HOMEO KR
EAROBEETTT, NE{EBRT S (St.1 TIE0.1~22.2C, St. 8 Tid3.0~22.2°C), {BEIRTIERAH
THELTIA (St 6 T8 T~1287C, St10TIH11.3~14.8C), EFICEFEUIM Wz T, M
ETL, XFEFOBREGRMNNONL, HNDOWEEZATAENED, Hih, by TRMET,
REROBEGIIRARNETH 5. L L, HUTITEAGOBEEZT, St.1 TEB0.0~100%, St.8°C
(382.0~100% DI TEENT 5. 7aH, (LEMTEENS L CBLEKFCL > TRRSNSE - BERE
OFMIMER EIZB L THEND,

BlE HEWBSHE&KBEOEEES RS
FrAVSaoE ) RHEREICRLT, 202 EHT 3 (HA 1977, 1979, 1986 ; Ransome 1989,
1991 ; Sano 2000a), &ED J o =~ — {3 HEf/MT, B@BF, BtHOLOBTE» SRS (EE 1979,
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Fig. 10. Seasonal changes in the maximum and minimum values of ambient temperature (Ta: —)
and relative humidity (4) at 10 sites in mine A (1979-1980). The locations of sites where ambient
temperature and relative humidity were measured are shown in Fig. 9. Relative humidity was
measured at 15:00-16:00 hr.

Ransome 1989 ; Jones et al. 1995}, %7z, HUOHEHIC L LIERo 2o -SSR (HEE 1979,
1986), JO=——MTA v/ —FRMBHEBEICRIZ I LHAMEIN TS (EER 1979, 1986 ; #2F 1988),
FIT, AETE, FTHEERBCERSINZI~NTOI0 -2 —{ELTCOLHDHERME KR L L
T, SHEMOERBHRAAOHKREE L LT, WKBOERE» SRV 288, BIKBEY AL, AR
DOYRAR, BIOITERL S UESRoRELEN ShIZ Uiz, 51, BRHITRETH 2 0EHKE
DK EMEOREEIZ PN T HHRET 5,
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31 K&k
BHhEOHI b+
1981, 1982, 1984, 19854EM 6 A fMm e 9 BrhaNcaitT. BHIS LTI ABXIC, #74y727%
DR ONITXTORERICERAD, Jo=—%ERLTHSav ) (B, LA XELTFR) @
BMEAERA T, VY RICEBMREBLE RO T 4 7 23 —F 514 bEEMLI, BME LT HBE
i, BEOEBICIEMAI TOAMIZABML, ANRESh Y8 OWIEEAEH Y » b Uiz, 198357 A28
~29H, 198658 H5~TH, 1987T#: 8 H4~5Hich, WDt H2%5{To7z, b, AEIIE]L T
THHI o (LS 1973 ; HA 1977a), FHRMUIHE L Th oM, thE 2 3 To O REKEIL5H
BLE - BTH60LRAL, BEICHAZaY 2 ) ORMEAMICEA 08B oEM SHIEA X Ed 2
DEEEEKDI, BB, TOBRIEHEEAZREAZADRIEITELM-1OT, KETHEMEEL HELT/
¥ 7Y —#%— (nonbreeder} & L TR,
FAOIE S IR &
HEMNTRALCSMEEF L 3— U 7 N 70 3 BURE TP U to, BRI RIT 19804, 5 1986
HATHITT, 19834EERR (B, 6 HT o 8 A LA ToHE, BEMSERIZHAG THABICH
WTiThhis, ZERKOHEH, HEHE XUHENELEL 7,
ERBOREE
19814E 7 H28H A 5298, 198298 16 HA o TH, 198448 JT4 HA 5 5 H, 19854 T H26U m52TH
EHhBTOR, 37 VHRHLTOATXTOREIOADIZA Z IHEEREY, AR 2T EY
(BB LT/, 70 =5 —) BB L, F72, 198658 A 7T HE L TF19874E 8 J1 4 1T IZ 3 BRI A
b, BEROmDMBMEELE-T, ACSTHRETOI Y Y &MU, BEEKIZSVTEIPER, B#H2
T YR LI, TOB, BA (1977a), 4 (1988) £ X URansome (1991) Z#L,, AL -EAMR
DA ZERBBKE AL U, B@MAIISOTEERE 2R L1,
SRROMREOHT
HEERBT/EE N, SENCERESh A ZD53 5, SRR A 2 & LT, IWEERRMNICR
BULBERORLE BBEr] LT, KR RDE,
b4 ZROBBE v, (00 — R ¥ 3/ B % 100
B I x RN HMSRENRBETA E N, SECERS O 4 ERK
R, Bffishicxt 4 20 MIKE
N @ HERE NI BRI B S L 7o A ROBH
C NEWHEMICHE « F v 7 3hic A XOMIEE
S ok (R) 2E4AMLE (C/N) TEHRLUAHMEFELERRoME LR L, i
BEOMEIBL T, IWERABHCE T 3RS 2 IR 2 ROBENIE, —SHiBLi75 HosM,
PHIZA - THREDPOEEE 1HT>HA/OT, HAZLLRLOLEEL L, IHIEN | BoEHoR%
FEEDOTNLINTH-720T (F KRE), FRTIEROBREEHR LI,
HEREEERORMBROHET
WG EERORE 7 7 AOMKEE, 19804, 519864 TOREOHE 2 AME T SDFERIC
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BUEZHREROET KD, EEAHETONLD - 2108344 F N ER (1984 Tl 1 T8k, 19854 TR 2 F
BEO19864E Tt 3 FHE 198THE T 4 FEH OREBRIZHWHLTE, 1981HEA SI198THEIZENH I 1 ~ 4 F¥o
SEEREE (Table 5 B8 TR LA,

32 8% %

3.2.1, KEERBICETBEFEOSHE

FoHFa9e0d, A, B, C, E, G, 1 LU0 THTHESINL (Fig.6), hsldTh
ML RBRIROBEF D, HEBEERIMEHZ 2 WRH KRN Th - 12, YOEIRATL. T
TEVRFHAAHO-BIZESLTIHOI0——2FER L. To=—Gd0dFh sl icElzn
fzo Ml s oo —0hal oF TOREE, AMTEALTm (Fig. 9), BMHTEHIIm, EMTIEHI2m,

20l N Tl L | | o 150 @
- - =)
~ S . 70 g
2 s - 2
= ] {60 2
] C E
LT/) S— . r r E . 50 2
L
2
00 &
*]
T T \\\ 90 M
T ) ] . . \\1_ g
20k T —— . 0
R e 470
15} -
{60
G
10 . L 50
July Aug.
P~ ey 100
25}
490
20t S T e
' T 470
15—~
: 60
10 J 50
July Aug.

Fig. 11. Seasonal changes in the maximum and minimum values of ambient temperature {Ta: —}
and relative humidity () around the nursery roosts in seven mines of the Izumo mines {1984).
Letters refer to the name of the mines. Relative humidity was measured at 15:00-16:00 hr.



Bull. Mie. Pref. For. Res. Ctr. 13 (2001)

1981
400+
2004 +
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///,__T\
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“0 ﬁ
200
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[

Fig. 12. Seasonal changes in the number of R. ferrumequinum in the Izumo mines in
the summers of 1981, 1982, 1984 and 1985. Arrows indicate the date when the last
parturition occurred. &, mothers, barren females and males; @, infants.

LFTEFIIm, JETRHULITMTH -7, ClHBIFGHTR\ABMTICACOMBEMAEDLY, HFHO
M S ORI CiHTIR10~16m, GiETI 8 ~2ImDETEILL I,

R SEBFHOCENY, SGERTARDHBEENKRE(, FHLAE (BESRERESRERRD PREED T
2 AMTIZ194°C (range 14.0~25.0°C), B# TII21.6°C (15.8~26.0C), CiHTI321.3°C (14.8~26.37C),
EflilTi320.2°C (15.0~25.0C), G TIF21.1°C (15.5~26.0°C), T Ti3204°C (15.0~25.0C), JHETIZ
183°C (13.0~22.2°C) TH -7 (Fig. 1) EERMBRM TR EICRARETH ':If:CDI:k\IL, R <ol
DI I3 AT TIE88.0~100%, B Ti{392.0~100%, CidTiE90.0~100%, EHMTIi388.0~100%,
G T{388.0~100%, Ik Ti390.0~100%, JiTIZ98.0~ 100%DIETRILZ (Fig. 1)

3.2.2, BEWEFBERORENOHKETDEE

IHEERBIZE 6 Hh s THFEEITATT, avs ) (XU 7 —¥—) BRELE
(Fig. 12), A< iz B i 298U 21981, 19824 T2 6 H10H, 19848 TiX 6 H12H Tah » #oH8, 1983,
1685, 1986, 19874EIZi(Z 6 H L~ ANCHA L SO TARHTH -7/, 27T U OHERIT, 1981
7TH20H, 19824E1713 7 FI101, 198441242 7 H30H, 19855E((3 7 JI10H EIC e RARITE L fo,

SHRINZ, 1980 TIZ TH 2~19H, 19814 T2 7T H 2 ~19H, 19824 TiF 6 H28H ~ 7 H22H, 19844
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Table 2. Sizes and structures of the maternity population of R. ferrumeguinum at the study site.
the [zumo mines.

1980 1981 1982
Mine Mother Nonbreeder Infant Total  Mother Nonbreeder Infant Total ~ Mother Nonbreeder Intant Total
M F M F M F
A 81 20 32 40 109 &0 24 a7 a2 162 B9 21 18 18 25
B 0 0 ] 0 0 ] 0 0 0 37 0 19 18 74
C 13 21 17 26 107 3 30 19 15 94 63 18 329 144
E 44 18 2420 106 8 2 4 4 18 43 22 18 25 108
G 123 16 55 68 202 114 29 49 65 257 129 30 60 69 288
I 55 12 25 30 122 85 22 48 37T 192 65 0 %29 130
J 46 10 29 17T 102 87 25 40 47 199 71 2 30 4 144
Total 392 137 182 210 921 397 132 197 200 926 444 93 215 229 981
1983 B 1984 1985
Mine i Infant o ) Infant [nfant
Mother Nenbreeder . Total  Mother Nonbresder Total  Mother Nonbreeder Total
M F M F M F
A - 18 25 26 23 121 49 12 23 26 110 0 0 0 0 0
B 31 12 417 71 13 21 1 9 47 42 16 22 40 100
C 83 34 38 46 200 11 26 23 18 108 63 17 w27 143
E 62 2h 25 37 149 50 35 25 2 135 41 19 18 23 101
G 102 11 5 47T 245 110 25 bl 99 24b 118 26 95 63 262
[ 51 17 25 2 119 86 16 3 50 188 66 18 4 32 130
J LL| 22 240 90 110 53 RIS e 25 132 a5 N 16 10 201
Total 421 176 206 215 1018 402 161 190 212 965 415 127 210 206 957
1986 1987
Mine Mother Nonbreeder Infant Total ~ Mother Nonbreeder Infant Total
M F M F
A o 0 0o 0 o 0 6 0 0 0
B 26 13 10 16 62 42 15 23 19 99
C 81 29 41 40 191 62 29 M4 28 153
E 29 6 18 1 64 a7 11 30 27T 125
G 119 44 62 57 282 127 39 60 67 293
I 88 22 43 45 198 64 11 30 29 139
J a6 17 31 2 129 37 12 16 21 86
Total 399 131 2056 194 929 389 L7 198 191 895

M, male; F, female. Nonbreeders consisted of barren females and a few males.

T THION~8 A 2H, 19854 T2 6 H22H~ T H2MH TH » 72, 1983, 1986, 1987412135 Bel A 45 E
T&EI 7T, BAS0%HAEHIZ19804E T T H14H, 19814ETIX 7 H13H, 19824£TiX 7 H10H, 19844
TR TFII9H, 19855ETIR T/I THTH » 70, SHED5% A%, 19804EI1213HR, 19814121314 11H, 1982
ARITIEITHE, 1984580316 HE, 19854EIi3 22 H Mz B U 7o AL H o BIM 24950 D SR> 5 Kb 12 F
EREEN (%A F TOMEUE) 24001023 (SKMH (range 37~43H) Th 1.

1981, 1982, 19854ETiX 8 H RRItH, 19845E T 8 A E, S, ShEROMEILIZAENL >TE T/ v 70—
F—hioo_—Mho@iR LGN, T7E Y OBRIIASIIE L L (Fig. 12), 1981#: Tt § A20H
B, 19824 i3 8 A10HEE, 19844 T3 8 A31HE, 19854 Ti3 8§ HAHBIKRBFRTOA LA -7, K
OTHEAL & & IR R R N, 1981 T 9 A 4 B, 1982¢E T 8 H25H, 19844 Tiz 9 H10
H, 19858 T2 9 H 5 Aizid, 80T EA EHAL, EITHEINI,
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3.23 HEWEEGEOYSX

INEBEVIBHC RS LR, /o7 ) — ¥ — B R UL, 19804 7 H26H, 19814 7 H2TH, 19824 8
A6 H. 19834 7 H29d. 198448 H2 0. 198547 H24H, 198648 HTH, 1WTHEIH 4 Hick I 5
A¥ATable 212Rd, COBSTHRIITTLTED, HoMMEBEASHRHOTOAML-2OT, R$S
CBRANROBEIIRBEHE —H L, tUoHROBRIZE, HIEAREAF XDOXJNT X 8h - 220,
BAEMOMAMMIZH X 1 @550 IMLETHRINL ) » 7)) — ¥ —DNRIFIEE £ 25T (97.7%)
L, AARDTMEE (23%) TH-7, HIEAZRTRTHERBREF L URKAREATS -7,
BEBREIZ 38987 (198T4E) A0 54448 (19824F) (119407.488) THEMTEL Tz, Zhizwtl, /»7
) — 7 — 39388 (19824F) A 5 1768 (19834F) (F¥1134.380) F THAL LI

3.2.4, WEFOHE

LT oMl (ShER2IRIC L 3 A ROEIA) 3, 19804 T130.54 (210/392), 19814E T130.50 (200/397),
19824 TI30.52 (229/444), 19834 Ti20.51 (215/421), 19844 TI30.53 (212/402), 19854ETi30.49 (205/
415), 19864FE T(20.49 (194/399), 19874 Ti30.49 (191/389) T#H -7z (Table 2), E D4 &PEHITIFIEF
1:1THD, RORBRoNGEh -1 (2IHEE, 2 P> 0.05).

3.2.5. MEEIRS & W BIEIRSE

FEBUES L ORI A 21Tt 4 24 | MOHBERAIL -> TH SN filacE (Table 3) 5, EFIOFE:R
ARz, ERAKOEGERERIL | FE8TI3.1%, 2 F8AT49.5%, 3 F8ETI5.2% Th -7: (Table 4)
4 FLLETHBRAES N0 T~ THIEIRL Tt 1, 2 FRROITRER, #XKICE-TEhEN 0%
(1981, 19828 #>518.2% (198745), 35.3% (19894E) H 556.8% (19874E)  THEIL LA, 2 Mgl L
fofRiAER1EE, 3 A IHE U BIRF2180, 4 GLBEEIPE Lo ik % 4 I Uic, 4 FlBsuiiE L
KOWRITIIHo 6 FETOMMBHEN2HH, 4406 TFETOEENEMN2ETSH - 1o ML
BRSO UMS, FEARELTEHBISNAMKEE DT,

3.2.6. E#EGOLEMOMEE

i & ks, s hicas— bOEHHE (Table 3) 7o, HEERPRTHEAL A ROEBND
MERERKDI, BB, A AOHEMEITED -1,

1 £ RIT F1923.3% (range 16.9~378%) TH D, TDH 2, 3, 4, 5FB X6 STk
LT3 (28.0~45.4%), 40.2% (3T.0~42.9%), 28.2% (20.6-29.2%) 24.5% (25.4—26.7%) & &
Uf19.5% (19.5~19.6%) T&h -7z (Table 5). 7 FEFORBEHEINARTH -1z (F—Fid 1 HDH), £k
LH#h o 3FIIhIT, EFMEBORDICA U THERE LT L, J0Z SEPERAERICIBAER~G
BEI2fmPRE - EERT,

B O REE (ARSI WA X095, F8E L TREL -@EDM:R) 11, 1 FIRIzE 2.2
% (range 0~4.1%) TH 9, 2, 3, 4, 5, 6 FEIVTFHIZIThhENI35% (8.7~20.6%), 38.2%
(37.0~39.3%), 28.2%(26.6~29.2%), 24.5% (23.4~26.7%), 19.5% (19.5~19.6%) ¥ LTU11.4% T - 7=



ZEMH RO 13 (200D

{Table 5). JEIT A ZOREEE (UEBIIHBIShA 203 b, #FARELTREL-BiEokE)
3R ENENILI% (13.6~24.8%), 2.0%

1 FERIZIE FH921.1% (range 16.9~37.8%) T#H h,

(0 ~3.6%) TH -7 (Table 5),

3.2.7. HEWEEERORMEN
FIOALFTAVEVEREGTH S0, ARKBOBBRETRITEERTELL -7, LiL, S4MH

2.

Table 3. Recapture records from the maternity population of R. ferrumequinum in the lzumo mines in
the summers of 1981-1987.

Newborn femgles

No. of banded bats recaptured as mothers or barren females (R)

Towl v B 1981 1982 1983 1981 1385 1986 1987
Mother 0C 0 2aup - 4 (1353 417 7098 4 (57
1980 210 ]
o Barren female 3 (189 2 (121) - 0C w00 m»H o0C Wm0 ¢ o
Moather 0nc m - 13 €43.2) 11 (32.1) 21 (29.4) 1h (21.4)
1981 200 110 ‘ :
Barren Im_]mle 3 (lﬂ.h_)_ - 140 0C O 0¢ ,U,) 0,.(, 70)7
1989 999 999 Mother - 6 (199 29 (84.8) 46 (51.4) 38 (51.1)
' - Barren female i - 11”7(:«1_—1.3) 0cC o 0¢ _Q) (U GE)]
Mother 2028 21 (336) 58 (82.6)
1081 212 212 -
Barren female o 11 (36.8) 25 (_-_’1_5_%.__1)_ __4__E_r.0)
1985 205 205 Mother 4 (58) 21 (29.9)
) r: ' Barren i'emule 27 (16,5) 16 (27.9)
Mother 2(28)
1986 191 69 _
o Barren f(.‘l]l%rll't‘.‘_ L 9 (15.7)
Sampling ratio Mother 677397 867144 - 1217102 1427415 285/399  273/389
(C/N) Barren lemale 21/132 15/ 93 — 40/161 38/127 T6,/1381 67/117

B, the number of females banded as infants; C, the number of females captured; N, the total number of females that

congregaled in the Tzumo mines. Numerals in parenthescs indicate the estimated number of banded bals that returned

to the kzumo mines, which was calculated by the following formula: R/ {C/N). Banding and capture were not carried
out in 1984,

Table 4. Pregnancy rates (%) by age in I, ferrumequinum recaptured in the [zumo mines.

1

Age in Years 1981

0
o/ M

1982 1984 1985 1986 1987 ~ Mean
0 — i5.4 12.9 18.2 13.1
0/ % { ) {2/1%) {4/01) (2/11) { 8/ 61
50.0 35.3 — 49.0 56.8 495
2/ 4 (6/17) - (24/49) (21/37) ( 53/107)
92.9 100.0 - 93.5 95.2
(13/11) (29/29) ¢ - (58/62) (100/105)
100.G 100.0 100.0 - 100.0
4/ 1) 11/11) (16/46) - ( 61/ 61)
100.0 100.0 100.0 100.0
(47 4 (21/21) (38/38) ( 63/ 63)
100.0 100.0 100.0
7/ D (16/15) ( 22/ 22)
100.0 100.0
(4/ 4) 4/ 4)

The numerator and denominator in parentheses indicate Lthe number of pregnant females recaptured and the total

number of banded females recaptured, respectively.

— 17 .
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Table 5. Returning rates (%) by age in mother and barren R. ferrumequinum banded as infanis in the
Izumo mines.

Age in years 1981 18962 1081 198 1906 1087 Aoan

Mother 000 /50 ¢ 0/ : - 2.7 ( 5.8/212) 2.7 ( 5.6/206) 41 { 2.8/ 69) 22 ( 11.2/646)

1 Barren female 37.8 (1897 50) 169 (I86/110) S0 -y 1T (36.8/212) 227 (46.6/205) 228 {1567/ 69) 211 (136.6/646)

Tmai~ 378 (1897 50) 169 (86,110} o= &l (‘12.6_'212)_ 25.1 (32.2/205) 268 (18.5;’. A9) 233 (150.8.616)
Mother 206 (10.3/ 30} RT (19.9/229) ( ) 15? (33.6/212) 146 (29.9/205) 135 ( 93,?/&%

2 Barren female 248 (1247 50 198 (437229 O = ) 203 (13.1/212) 138 (27.9/205) 183 (127.7/6496)

Tolal . 02277 50y 280 (61.2/229) [ ]_ 6.2 (76.7:212) 282 (37.8:205) 318 (221.4/6%)

\other W5 (B0 30 1818,228) C— ) 0 (826212 582 (2106/53D)

3 Barren female 36 CA0/1m N0 /229 - - ) 38 (70212 2.0 11.0/531)

Total - 12.$; (17.2/110) W70 (R4.8/22%) - - ) —123 (89.6/212)"_“10.2 (221.6,/531)

.\lothet'r 2;5.8 (13.3550) 1.2 (32.1,110) 21;,1 (64.4,229) - - V282 (109.8/489)

1 Barren female 000/ 0C 0 /110 00229 ¢ - 0{ 0 /389

Total o éﬁ.(i {1347 50} .2-9.2 (32.1/110 2_81 (64.4/229) = { ~ ) 282 (10987389

Mother 2007/ 500 267 (29071100 236 (417229 205 ( 95.2,/39)

o Barren female 00 0/ SR CRESR 1)) 00 0229 0t 0 /3ROy

Total ZULT/ B0 BT Q040 26 GLL/AS) 245 ( 95.5/89)

i -_\‘Iothc\r o 196 (3.8 50 9.0 (21471100 193 ( 3121600

6 Barren [emale G005 0cnm 0C 0 16

Total V o o --19.6 ( 987 50) "“19.5 (21.1,/1](]57 71‘9-5 ( 3L.2/160)
Mother - . o 114 OB/ 80 114 B/ 503_

7 Barren lemale o am 005

Total - - . A a0 My 1L 057 am

The numerator and denonitinator in parentheses indicate the estimated number of banded bats which returned to the
Tzume mines and the number of bats banded as infants in the [zumo mines, respectively.

DEGRIHEHATHR oM ALFE R, o, AERUEMCIMIEIKERE L7z (Table 6). MM LA G HETH
HE 77 2B EEABNTEIACBARKISIAE, ThoidTable 6 @ ‘unknown’ DIEIZHA
AT A, HHERO ‘unknown  IZIEH AMIKDED, 1979 LIGHITIHAE LMK L& h 2 HilTE O IKH
BTEEMm-T, —J, 4FL O A ZDERREIIN%TH 722 &0 (Table 4), 198430 5 19874
F TORYOHIE X A unknown' B F <~ TIUFRAMUM TR LNk L B hi,

1984~ 198THED IR EETIZ 3 YA RSFEI L 2 1 ILADIRIBK TS, 3L EER 7 7 AOREHOFE
KFEBNEh ot (Table 6) | RO BIERE33.830H 579450, 2 FEROHEIAEIIST7.8uih 595.481 D [
THEAE LI, 4 FEL ERE 7 2 A0 Ao dar i ki269.1% (59.8/86.6), 87.3% (52.2/59.8), 76.8%
(40.1/52.2), 59.6% {23.9/40.1) &S @F THHE L.

fEERIZ 3517 5 ‘unknown’ @ AT 198THITIR23.4% (90.9/389.0) iC#&E L -fc, T I &3P L
ELIBDTE6% TN ERBTHEENL T FLUFPOMKTH - T 2R LTV B, HIEA R T,
‘unknown’ 72 B USRS THE E 70 ARIKAS19844-TI339.9% (64.2/161), 1985 TI540.0%
(50.8/127), 19864F Ti328.4% (37.2/131), 1987 TII32.4% (37.9/117) = dishtc,

_18__
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Table 6. Estimated age composition of the maternity population of R. ferrumequinum in the lzumo
mines (1981-87).

Age in years

Year O 5 3 4 5 6 TEETe———tL
Mother 0 397.0 397
1981 Barren female 79.4 ~ 52.6 132
Total 79.4 - 419.6 529
Mother 0 433 007 444
1982 Barren female 33.8 521 7.1 93
Total 33.8 954 407.8 037
Mother 4.7 19.9 78.5 55.9 242.9 402
1984 Barren {emale 45.5 44.3 73 0 64.2 161
Total 50.2 64.2 85.8 55.9 3071 563
Mother 5.8 289 84.8 58.4 49.1 188.1 415
1985 Barren female 36.8 39.4 0 0 0 50.8 127
Total 42.6 68.4 B4.8 58.4 49.1 238.9 542
Mother 5.6 33.6 82.2 64.4 53.5 41.2 119.0 399
1986 Barren female 46.6 43.1 4.3 0 0 0 37.2 131
Total 52.2 76.7 86.5 6d.4 53.5 41.2 156.2 530
Mother 7.9 29.9 82.6 60.7 5.1 38.9 23.9 90.9 389
1987 RBarren female 44.1 27.9 7.0 0 ¢ 0 0 37.9 117
Total 52.0 57.8 89.6 60.7 54.1 38.9 239 1288 506
Mother 4.0 311 . 82.0 59.9 52.2 40.1 23.9 — 4077
Mean Barren female 47.7 414 1.7 0 0 0 0 - 126.8
Total 51.7 725 86.7 59.9 52.2 40.1 23.9 —  b345b6

* ‘Unknown' consisted of bats born before 1980 and immigrants born outside the [zumo mines.

3.3 E%E

3.3.1. ¥742509F ) Q%N

av ) HIZ/AREIETH DEHS, RAE~0BIEOHI1I, W IR SN, T (polytocous)
FAF a2 VHREITEFITE)H (Vespertilionidae) @ —FiZfR 5h % (Tuttle and Stevenson
1982 ; #id#% 1991 ; Barclay 1995), Btk v =0 1, FEIMAZHREET (B 1991 ; Altringham
1996), fd{kftOFMAEIIE, £z, LRPBMOAEFRIRE (daily torpor) HHEEE ORINH R % KIEIC
FlETHEI &, DARIILEE U TS EHCERBATHIM A& < (Racey 1982 ; Tuttle and Stevenson
1982 ; Gaillard et al. 1989), L& TEMBSHME A EL (McNab 1982 ; Tuttle and Stevenson 1982 :
B 1991), b5, BREEITEVRBAT, Y AEETHEHS, B ESRELIHMEL R
MIMERF L, # 0 LM (Z 8ol %A iteroparity) 375 2 & THERMMIE (ifetime reproductive
success) HHTIE L FA XS,

BATET Y £ ) OB (1 B8, YRR, RAIE, INENL I UBANORHRRE) 1ZHT3
FEXOH IR ATable TiIZE &M, FrH L FaENHOIB(FIHLs20x)), aFsH 507
FVBELFFF TS F 7T 5T VEUR eurvale) LeFaveVHOTS bRt erave))
Myotis brandti ZF0TC, A ZRZMEE, £BELNICERAIIET S, JhicHL T, HERKETR
I, 28LTI FROMBFEEZTAETNI1L, 495, 95.2% T, 4 FLL LOFTATOEKRIERL THA
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Table 7. Reproductive traits of temperate zone bats

. .. Litter Neonatal size® Sexual .. Longevitv Weaning
Family /Species Roost size AW TAL n(];‘;t(:;{}]\;) (vears) azet References

Rhinolophidae

Rhinolophus ferrumequinum [ 1 425 42.5 4-40 30 0.4 8,18,49,72.80,88

R. cornulus C 1 13.0 42.0 1.28 15 H8.8 48.49,85,86

R. hipposideros c.B 1 A 315 21 S AT

A eurvele C 1 15-27 19
Mystacinidae

Mystacing tuberculota T.C 1 19.4 12
Vespertilionidae

Antrozous pallidus Cr 2 15.2 32.3 9 .7 10,13

Barbustella barbastellus T.RE 2 15 23 i1

Chalinolobus morio . T 2 17.6 30.8 87

Eptesicus fuscus B.T.C 2 205 36.7 4-16 20 ) L9144

E. serolinus B 1 20.5 43.3 15 19 39.40,68.71

Fuderma maculatum Cr 1 25.0 21

Lasiurus borealis F 3 34.8 62

L. cinereus F 2 3.5 2 61.0 18,12 61

Lasionveteris noctivagans F 2 87.8 42,44

Miniopterus fuliginosus C 1 204 35.5 <16 16 88.5 16,2024, 47

Murina leucogaster T.C 1-2 15.0 32.0 al

Myouis bechsteinit T 1 15 21 7!

M. brandtii B.C 1 27 19 il

M. dasveneme B.C 1 15 19 i1

M. daubentoni TCERB 1 15 20 T

M. emarginatus B.C 1 3-15 16 L7177

M. austroriparius C 2 15.1 25.1 315 22,62,70

M. frater T.B 1 434 16 a8

M. grisescens C 1 26.8 <16 16 30 53,5981

M. lucifugus B.C.T 1 3.0 43.0 4-16 34 811 7,15,45,59,

M. macrodactylus C 1 278 38.1 315 19 50,52 57

M. natiereri C.B.T 1 34.4 1-15 17 23324711

M. thvsanodes B 1 37.2 18 11,63

M. velifer B.C 1 258 3.0 1-16 11 91.1 10,3143

M. myotis B.C 1 315 22 92.8 17,71,76,77

M. mystacinus T.B.C 1 315 19 174

M. sodalis T 1 13 65

M. wumanensis B.Cr 1 14 5

Nvetalus aviator T 2 12.7 326 1-16 55,56

N. noctula T 1-2 19.7 39.1 315 12 T 2939404171

Nveticeius humeralis T.B 2 25.0 11.2 60.0 36

Pipistrellus abramus B 2 16.1 1 3 26,83

P pipistrellus B.T 1-2 T 306 1-16 16 6.4 2,35,39,40.67.69

P osubflavus ¢ 2 14 #0.0 334,84

Plecolus auritus T.B.C 1 2.0 3-16 30 60-70 16,54,79,82

P austrigeus B 1 16 12 28,78,79,82

P refinesquii B.C.T 1 23.1 <16 10 37,38,65

P torensendii C 1 212 386 118 19 64,66

Vespertilio superans T.(C.B 2 12.2 30.0 1 9 aB.2 23,60
Molossidae

Tadarida brasiliensis C 1 25.0 12.0 9.22 7 8Y.8 10,146,713

*, neonatal body weight{BW) and forearm length{FALY as pereent of adults”, =, ordinary age at sexusl maturity in females; T, weaning body weight
as pereent of adulls’. Roesls: U, cave: Cr, erevice: 1, tree cavity; Foolohage: B3 buailding.

References: 1, Acllen (1978% 2, Asdell (1961): 3. Barbour and Davis (19684, -4, Bezem et ef. (19607 5, Boutin and Wallis (1996} 6, Brosset (18623 7. Burnett and
[Cunz (19823, §, Caubere of af. (19845 3, Christian (19538) 10, Cockrum (18733 21, Cross (1977): 12, Danied (19799 13, Davis (1969): M. Davis (1988); I3, Davis and
Hitcheock (19951 16, de Fanis and Jones (1995): 17, de Paz (1986): 18, Dinalo(1964); 79, Dinale (1968); 20, Dwver (19630, 27, Eastevla (1871 22 Foster ef al. (1978}
23, Funakashi 11991 24 Funakoshi and Uchida (19751 25, Funakeshi and Uchida (19811 26, Funakoshi and Uchida (1982 27 Gaisler (1963); 28, Gaisler and
Hanak (1969): 29, Gaasler et al. (1979) 30, Guthrie (1933% 31 Havward (19700 32, Heerdt and Sluiter (186); .33, TTooper and Hooper (1956); 24, Hoving (1983}
S Hueka 019861 396, Jones (18671 37, Jones (19771 38, Jones and Suttkus 119751 39, Kleiman (196%: 20, Kleiman and Davis (1979 44, Kleiman and Racey 11969y
A2 Kochler (19910; 43, Kunz (19730 24 Kunz (1982): 40, Kunz and Anthony 119820 6. Kunz and Robson (1993 47 Kuramoto (19720 48, Kurumoto ef al. (1983
49, Kuramaota er al. (1988); 20, Kuramoto of af. (1998): a1, Kuramoto and Uchida 119813 32, Kuramoto and Cehida 11989); 33 LaVal and LaVal (1980); 54
Lehmann er qf. (1992) 33, Macda (1972 36, Maeda (1974 57, Maeda (1976k 38, Macda and Dews (19885 38 Miller (1939% 62, Mukouyama (19961 6/, Munyver
11967Y, 62, Myoers 11978 63, O'Farvel and Staider (1973) 64, Ove (19701 65, Paradiso and Greenhall (19671 66, Pearson et af. (1852): 67, Racey (1971 68, Racey
and Kleiman (19701 69, Rakhmatulina (1972); 70, Rice (1957); 7L Rivharz and Limbrunner (19931 72 Sano (2000a); 72, Short (19613 74, Sluiter (19543 73, Sluiter
(1960% 76, Sluiter (1961} 77, Sluiter and Bounian (1931% 78, Speakman and Racey (1986 79, Stebbings (1966}, 8¢, Stebbings and Arnold (1987); 81, Stevenson and
Tuttle (19811 82, Swift (1998); 83, Uchida (1966% 84, Walley and Jarvis (19711 82, Yokovama et al. (1979]: 86. Yokoyama and Uchida (1979} 87, Young (1979);
&8, This paper.
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(Table 4), ThSRUTFNLHFIIHEMTOBICELE LBEOIEETHY, HiZl, 2 FHRolt
PREBRIHENRTO SN, I SETIZEREALOBEUNTERAIZELILLS TH S, LHOYERIZ
WTH, IWHERSEEOM@EARET2~6F A% 2~34) (EAS 1988), 4 # ) 7oLl WikRE < 3 ~
5.4 (7% 3~4.4) (Dinale 1964), X SO ILBIZE LA ¥ ) A EHEBOMERT I ~ 74 (T13.96
F) (Stebbings and Arnold 1987 ; Ransome 1991) &fiah T3, Thbb, F7A405avE0Q,
MU X - TSI R R H 50, 4 FTOMENLLH N ZM—D/HTHD, av Y HOW Tl
it M ETH - 712,

ERETIFIH 59D 8 FUBOWMFERY U0 —VFAWTH - tcds, ERBUEL KL, F
WIS EFTIHIBETEHE LRI A I LBERSATED (HAS 1988 Hi18 1991), 254 A RO bMES
NT% (Ransome 1990), AMEI0FO@EHES D, ThiZbEo okt ks avE ) Myotis lucifugus
OMIFITKE, THFav ey LEavEY HORE LB TH S (Table 7). COXIIK, FI/H V530
LB S BV EARE S oY) HOBEMBFE L E SICBR I8 TU,

3.3.2. HEMEREHORENLEEOREMR

HAELMABORBRE, 3 FE2RERETS 1 IR TH >/ (Table 6), HAAMBEAL T, ML
AOABIETET, HKEREELCEY (lable Z), 3 4L EHRET 7 XOWESE S PRENLH/NS DT
(Table 5)o O &EDS, SHLLEOBEKTRA VAA—FEELLELITHRZTARLEHS L, BERITII
TEL T EEZ OGNS,

COEETEABOEGFRRIAMTH D, FREKO S bO LAz SINERRBCRELzo,rEbHR
5157h - 72, Ransome (1990) i1 &0 ZFMICEWLT, BHEADE LA ELWREER > TERNEE
T- 7o, £8 1 VoL fREDTH81% EHE L T35, £/, Stebbings and Arnold (1987) Ik
A RO BER, MAS (1995) TR AOBERIZSWT, 34ETORFEEZh TR
%, B~41%EMEELT S, Sho LT, HEBEKEICST 2 3 FROBER GlE4E F FEmini-
mum survival rate&E B Eh ) 1340.2% EE < (Table 5), >4 FLLE&E 7 5 2O WK D HTE K
769.1, 87.3, 76.8, 536% &L HETHEBE L7z (Table 6) Z&ho, 3 5L LOBEIKRIEEAECHBEE
Be U, HL/EHRTH 5 MERMTMET 260 L EZ ol

HHED b T FHMERERRT 2 37 €0 TR, A REELUTH/ERITH L TR REEERS
(Tuttle and Stevenson 1982), FlZ L/ 4 A ohaA X 29T ) TRIERBEKDI.3% (Tuttle 1976b),
aAEFH 2 EY TIEINT% (Palmeirim and Rodrigues 1995) Ml Lha< o THMEEIN T 5, &5
2, v bokA A 3% ) Myotis austroriparius (Rice 1957), M E A mkA b rav £y
{Humphrev and Cope 1978). 1—5 7 1¥ 7 1™ F 1 Nyetalue noctula (Heice 1085, 1080) 42 Ff
HFaT 2} (Swift 1998) THERE A AW LR SICHERET 3, b, 7705278 OFRE
AATEEFCHERITREREST 28K, 1, 2AMOMBROEKELIRE N7 (Table 5) &5
2, MEBERABSR THEIN B AMESIERE A ZD284~400%% L%, 1, 2 FEREHAMKO AKX
FIC kD ASCEIL, (@AM A ZEHO TRENED » Tie (Table 6), %dH, HHORG S AR
PEATAZWE, MEMNHREIHIELTOI0=—-%ERKT S /L 27 €Y (Funakoshi 1991) P/ —

— 21 —-
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ViAEEMT B+ 3 F A A 37 E Y Desmodus rotundus (Wilkinson 1985) TH#EIN T 5,

F4E BLAFROWE
AETE, BRMETHIET 5 RN AR b LT, BIKBOY A X, Pl SCRRME RO R
BEROPIT S, Uk, RRTIE, FIAT19804E0 51981 IS £ /215 LW £ 1980/814 D% L RHT 5,

4.1. Bk
BEHOHD - b
1979/804 4 K TF1980/8IEEQ WO H Y i & 5 A LAICMIIT, K E L TI0HEB EZ, U, ABIZA
D, ¥7Hv7avE) OMEEERL, BESHEFER RS L2, 1981811 A30HIZIZA, B, C,
DHXTEMT, 19844 3 H20~22H, 198543 H10~121, 19874F 3 F{18~21H, 19924 3 H14~15H,
19974E 3 H T H, 199843 H 3 HIZIE, F 74y 5av UMM ONLTXTOBEMIZAD, - BlAF—
(A RTIHHEER - KB, A X TIRREK « HIRED FICEAEHBERA L (Fig 1688), TOBE, ARXT
FIEAR LU #ALNE R MR, AR TEERUAR=Z2H 50 IR RERE B Ui,
PE->C, ZBEMCERBICELL A ZLRERIZIZENS,
NKoeFawy
I9804E12A 40 5 19814F 3 A, 19845 3 J120~22H, 19854E 3 H10~12H, 19874 3 }118~21H 5 & 151992
# 3 A1A~15HIZ, HAMNTTEM D LicMiks+ o —fr& 70 I BRETERL, HNELU%HT—
VEAERL I,
ERBOBHE
t RO, BRNTHEZSINATXTOMBREK ClEiEicERs ks A% 2FHib
LT, ERESFEMZAT VR8I, 3o, INEMANORAA (B3 588 OBich, BRI
EaRkEnioMikopBlicSw, RALCEBERZOBEMK T E¥MAT—UELB LI,
ESRORRE
AR SNAMEOHEBEREAB~OBHEOREE o 2, KRizL v RDdi,
ﬁ%mexm&®ﬁ§$fw%):(Rix%%q/snx1m
B’ x MO BA MRS h o HER
R Radftko 5 5, MEHICHlE AR
N' R ICHEERRICBRE LY ) OB
C' AW EREAREC dokt Lo filib o ) b, By Trim0iikad & b il ik gk
A S 7o M (R £84MIE (C/N) TRLUAMERE L EERROBKEEEEL /o,
HEERFRIRESI N -BAEOEZBEBENDODEME
IHERRBETE T h, HIMCEREs A EEDS 5, BEMETicEm L EikolEE: TEME (F
H—#EsmE) || LRz ki,
dx FROBIE ], %) = R, x—57) / B, X 100
B. @ xHRT0HEERTTIONC B & o e
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R”. . FEilfAfko 5 5, BRMIcHEESh/Eky
N TEAMCHERERICERE LY ) OBR
C' BRI ERRMEHCERE L @h0 5 B, HERo fRAmgEshc ik
BEHICERZNCEROLERERERAOEME
BB TELAPIIFER IO EEo > 5, HWEMETFEECEMLBROLEL [BME 8L~
MEBME) el LLT, KMk bR,

No. of bats

1980/81

at aa ha

T T 7 T T

Oct. Nov. Dec. Jam. Fel Mar. Apr. May

Fig. 13. Hiemal changes in the number of R. ferrumequinum in mine A,
@, total: A, adult and subadult males; 4, females (nulliparae); W,

females (multiparae and primiparae).

1100
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@ 40 qg
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20

15 T T T T T T 4

Oct. Nov. Dec. Jan. Feb. Mar. Apr.

Fig. 14. Seasonal changes in mean body weight (BW) and out-feeding rate in R. ferrumequinum
(1980/81). The out-feeding rate was calculated by the ratio of bats which foraged out in the
nighttime to all bats. Vertical line, range; horizontal line, mean; rectangle, standard error; solid

circle, out-feeding rate. Numerals show the sample sizes.
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P S x EEOBMEe. %) — (nr. x—g )/ B, X 100
B’ I xR OBE IR S Wi
nr.: EERMEED I 5, HEMTHICFEH S EEE
N HERTTIC HREESUREIC S8E Lok
C HEWERCHE . = v 7 ShizEkY
BEONE
1980821151611 4= 5198147 4 H2611iz4-1 <, 4 -~31Hb &z, EREOES EMAFH 0.1 glitheE
THE L7,
iR
19804E10H ISHMS19814E 5 H 2 HIiZhirT, 4 ~29BHZ2i2, BHBIUHEH®RY | RS EEICARIC
AV, HAKBULF 777002 ) OWRKBERZ, RRIINHTTOSREORE (HHE) £kl

4.2 #R

4.2.1. BEEAFHOBENCHEETOBRE

FrHrIavE) OELEEKIZA, B, C, D, E, G, I, JiMELUKHTASN: (Fig.6). &
@A, 1979403 10H LM S11H RN, 19808522 9 H FAH» 6128 Rz TRk L 72, WA
FARNOBESIZI97HETIZIIA 3 1 (10488 12, 19808 TR12)] 5 H (948 (2R AICE L 72 (Fig. 13),
A% 3 H T HED o SBTED LiEd, 1980F T 4 AI6H ISR ZROEME Fo4201, 5 H11IBIZ 6
BADA LI o7, 198ETIH 4 HAHE TICEMU T2 &0, SAUHIESEHOA &K -,
FEER, Rl A B XU 2 (1979/804E 5 £ UF1980/8141248, + ZIT DL THER, EREOX I T &
B -t) OEKBEELNEFELT, ThENTEFRUEATERLIZOT (Fig. 13), B4 &S HKOH
BlirBnT. OB AT—VICLAEREDAFEZ 5.

4.2.2. RFELEISGEOE(L

1980/814E DA FIIE T 5 F 7 A v 7 a0 ) OTFEHRE L INHEDOE(LEFig. 14i105F, FHUEKE (£
SE) 211H16H1226.4+0.7 g, 11H29HITRAMLTI 1] giti# L7, THEERIZII-EDEE (F
0.066 g/H) THMAY LM, 4 HI4HITR/NMB3E04 gitfi-7z, 4 A4BLIRRE FIgkEAMIzE L
foo 10ABHIZRT TIREAICHAILOAKRKESQ, £0#, HiHREI2ECETL, 11A6AITIE
25.6%, 11H29HITIX6.7% &M 57, Linb, 12HM 5 2 HOBABIC 3.4~8.0%0 ik 2 AR M L,
C QMBI E DRI L7 EE B T VAR S 1170, 3 FIZBH BAREE NI G S kst o, 4 A laFc
HIRTRE A28 6%, 4 H22HITIX81.1%, 4 H26HITIZ89.5%I2 L. 5 H 2 HICET X TOEGEMER
i,

4.2.3. BEEKOIHLRIILER
1979/80FE D ATICEH 2+ 7 AL 537 Y ORFHOEEFig. 15K7R T, F77 v 5378 1VH11H
8 BiTiZ ATOEE S SR E THAE L7, RAMRIERCEEHL, PPEFTsfArAohi, L
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8 November

18 February

17 March

9 December

5 April

20 January

Fig. 15. Seasonal changes in the location of the roosts used by hibernating R. ferrumequinum in

mine A in the winter of 1979/80. Numerals indicate the cluster sizes.
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Total

1200 —

BOD —

of bats

N o.

1200 —

1997/98

|
Fig. 16. Yearly changes in the number of R. ferrumequinum hibernating in the

Izumo mines. Letters refer to the name of the mines. *, not surveyed.
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Table 8. Sizes and structures of the hibernating population of R. ferrumequinum in the study site, the
[zumo mines.

7 1983/84 1984/85
Mine MFemaleN AmMaS]r‘; " Unknown Total T\dFemaleN AmMaSl; ol Unknown Total
A 10 35 9 20 9 83 6 49 16 24 1 96
B 0 0 0 0 0 0 0 0 0 0 0 0
C 5 2 G 0 1 8 3 3 0 3 ¢ 9
D 23 19 3 10 1 o6 14 16 2 3 0 35
E 0 1 ¢ 0 0 1 0 0 0 0 ¢ 0
G 0 8 { 2 0 10 10 8 1 5 0 24
1 0 0 ¢ 0 0 ¢ 0 0 0 0 0 0
dJ 29 18 iy 8 2 57 28 16 4 2 2 52
K 21 83 47 121 164 436 a2d 97 40 134 44 370
Total 88 166 59 161 177 651 116 189 63 171 47 586
1986,/87 1991/92
Mine MFemaleN AmM&g; or In Unknown Total MFemaleN AmMaSI; o In Unknown Total
A 14 25 14 8 0 61 T 23 1 21 0 52
B 0 0 0 0 0 0 3 7 0 3 0 13
C 4 8 2 5 1 20 18 64 8 61 1 152
D 13 . 15 2 2 0 32 12 10 0 12 0 34
E ¢ 1 0 1 0 a 0 a 0 H] 0 4]
G 0 1 0 ¢ 0 1 23 31 5 20 17 96
I 0 0 0 0 0 0 5 2 ¢ 0 0 7
J 0 0 0 1 0 1 0 0 0 0 0 0
K 69 159 65 140 97 530 41 70 78 70 1105 1364
Total 100 209 83 157 98 647 109 210 92 190 1123 1724
1996 /97 1997 /98
Mine MFemaleN AmMaSl:; ol Unknown Total MFemaleN AmMaSl; or In Unknown Total
A 0 17 10 12 26 65 24 24 78 42 g 177
B 0 0 0 0 1 0 0 0 0 0 0
C 12 16 22 30 13 93 10 39 20 21 5 91
D 8 13 7 12 7 47 2 3 2 3 0 10
E 0 3 ¢ 3 1 7 0 2 0 0 2
G 15 10 6 8 0 39 8 9 21 12 7 57
[ 0 1 0 0 0 1 0 0 0 1 0 1
J 0 0 ¢ 1] 0 0 0 0 0 0 0 0
K 53 153 88 199 484 977 125 250 81 160 488 1104
Total 89 213 133 264 531 1230 169 323 202 239 509 1442

M. multipara; N. nullipara; Am. adult male; Sm, subadult male; In, indiscernible {male).

TiF, 19704F12F 9 Hdr S 10804F 4 H14H & T &iR133.1--13.8°C, HAHERER90—10096T 35 > 72, OL. 4
31 A8 HURRICRH 2 h7oh, PR HEORE34.3~10.8C, HAHEEI88~95%TH »72, St.
SBELUSL 6 HATEBELREKIR oL 7, St.0 B LUSL. 6 OXAEMIIENENEI~12.2°C, 8.7~
12.6°C, MIEIEIEELIZB~10%TH e THbb, ¥/ 7372V 3GMILZEEEZD/NG
DIV PSR AL 7oA, RABEH LTI L TRRRBICA - L s 2 12HUIERE, K
RTHENR « MEZ/LO K& O£ #EIRT 2 Ml o hi,
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Table 9. Recapture records from the hibernating population of R. ferrumeguinum in the Izumo mines
in the winters of 1981-1998.

No. of banded bats recaptured (R’)

B Tlogi/s2  1983/81 1981785 1986/87 1991/92 1996/97  1997/98

Female 66 13(14.1) 6( 6.3) 60 6.1) 20 2.00 ne o ol W 00 o

1980/81 Male 33 2( 2.2)_ 6( 6.3) 2(_2.0) 0o W 0oC M 0¢ ) 0) 0o m

Total 99 15(162) 123125 8(8DL 2020 0 0 0o 0) 0 0

Female 251 - - 52(52.7) 11(1t.1) 5( 6.7) 1¢ 1.1) 1¢ 1.0)

1983784 Male 220 - - 24(24.3) 9 9.00  s(12.1) 2( 2.1) 30 3.1)

Total 471 — - 76(77.1) 20(20.1) 14(18.8) 3_( 73.2) 4( 4.2)

Female 148 - - - 15(15.8)  4(54) 00 0 0( 0

1984/85 Male 156 — - - 12(12.1) 4( 5.4) 10 1.1 1C1.00

Total 304 — — - 27(27.1} §(10.7 1C 1.1) 10 1.0

Female 168 - - - - 14(18.8) 202.1) 2021)

1986/87 Male 160 - — - - 14(18.8) 303.2) 3 3.1)

. Total 328 - - - — 28375 5053 5( 5.2

Female 56 - - - — — 1C 1.1) 4 4.2)

1991/92 Male 39 - — - = - 3( 3.2 20 2.1)

o Total 95 - — - — - 4( 4.2)  6(6.3)
Sampling ratio ((V/N7) (1,925 (1.959 (1.986 0.995 ) 746 0.947 (1.960)

B, the number of newly banded bats; C’, the number of bats examined to be banded or not; N, the total number of bats
that hibernated in the lzumo mines. Numerals in parentheses indicate the estimated number of banded bats that
returned to the lzumo mines, which was calculated by the following formula: R’/ (C'/N").

4.2.4, BEEFBOYA X

ZEOL Y AFHEREFig. 166 L UTable 812" 9, A, C, D, CHIUKIHTIZEE, HEMEGEHIE
ohioh, BEEOEMBANEN T, TUDL, ARTIEN2~1778, CilTid 8 ~1528, DTIKI0~
SAEH. GHMTH 1 ~9%8. KHTRATO~I36MIEOMTE# L /o, BH#TIR1983/64, 1984/85, 1986/87%
B LTF1997/98%, EikITi31984/854, 1 TI31983/84, 1984/854 % L 1X1986/8TH I A RAE R o
e, ThPAOEIC P EBESR oz BE L h -7, JHTII1983/84%F B £ 051984 /8555121350
S boav e R ohch, 1991/924° LR, BAMKERohh- 1,

BEAEBGHEIZL > TAEEMLA, $0bb, 1983/844 M 5 1986/874  TI2586~65 14 T HEHY
B LTz, 1991/924E 10 (3172491019 2 Fo, 1996/9THCIZ 12308 1T M2 L7z ds, 1997/984iIc it | U
44200z M L7, FHD TE -0, HHlE LUBMA T — I A2 - o@ikER LT, #ib
(A Zbk) 131983/844E T{30.54 (254/474), 1984/854E T130.57 (305/539), 1986/874 T13.0.56 (309/549),
1991/925E TI130.93 (319/601), 1996/97%-T(30.43 (302/699), 1997/98H-CIT0.53 (492/933) TH b, Fi
0.52 (1981/3795) TH 1, A ZAD S LOHEROEIEI, 1983/848TI334.6% (88/254), 1984/854- Tl
38.0% (116/305), 1986/874# Ti332.4% (100/309), 1991/924¢:Tix34.2% (109/319), 1996/974:Ti$29.5%
(89/302), 1997/984 Ti334.3% (169,/492), F¥IT33.9% (671/1981) TH 72, A ZADH LORMOHE
{3, 1983/844ETi126.8% (59/220), 1984/85%:Ti226.9% (63/234), 1986/87H Ti334.6% (83/240), 1991
/92HET1332.6% (92/282), 1996/974TI233.5% (133/397), 1997/98% Ti345.8% (202/441), FH1T3M4.8
% (632/1814) ThH -T2,



Table 10. Returning rates (%) of R. ferrumequirum banded in the [zumo mines in the winters of 1980-1992.

Years after banding

1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 17
21.4 - 95 9.2 - 3.0 - - - - 0 - - - 0 0
Female
(14.1/66: (6.3/66) (6.1/66) (2.0/66) (0/66) {0/66) (0/66)
1980/81
Mal 6.7 — 18.1 6.1 - 0 - - - - ¢ - - - 0 0
ale
(2.2/3% (6.3/33) (2.0/33) (0/33) (/38 (033} (0/33)
21.0 - 4.4 - - - — 2.7 — - - - 0.4 0.4 - —
Female . - -
(32.7/25.3 (11.1/231) {6.7/23D (1.1/251} (1.0/25D
1983/84 - o
11.0 - 4.1 - - - — 2.0 - - - - 1.0 1.4 - —
Male
(24.3/220) (9.0/2200 (12,1/220) (2.1/220} (3.1/220)
- 10.2 - - - - 386 — - - - 0 { - - —
Female _ .
(13.1/148) (5.4/148) (0/148)  (0/148}
1984/85
- 7.8 - - - - 35 - - - -~ 0.7 0.6 - — -
Male ~
(12.1/158) (5,4/1a6) (1.1/156) (1.0/156}
- - - - 11.2 - - - - 1.3 1.3 - - - - -
Female
(18.8/168) (2.1/168) (2.1/168)
1986/87
- - - - 11.8 - - - - 2.0 1.9 - — - - —
Male
(18.8/160) (3.2/160) (3.1/160}
- - - - 2.0 7.5 - - - - - - — - - -
Female
(1.1/56) (4.2/36)
1991/92
- - - - 8.2 5.4 - - - - — - — — - —
Male
(3.2/39) (2.1/39
F | 211 10.2 5.5 9.2 8.9 2.1 3.6 2.7 - 1.3 0.9 0 0.3 0.4 0 0
emale
M (66.8/317 (15.1/148) (17.4/317) (6.1/66) (19.9/228) (6.2/122) (5.4/148) {6.7/231) (2.17108) (2.1/231) (0/7148) (1.1/399) (1.0/251) (0/66) (0/66)
Fan Mal 10.5 78 6.0 6.1 11.1 2.9 3.5 5.5 - 2.0 1.6 0.7 0.8 1.4 0 0
a
¢ (26.5/253 (12.1/156) (15.3/253) (2.0/33) (22.0/199) (2.1/72) (5.4/156) (12.1/220) (3.2/160) (3.17193) (L.1/136) {3.1/376) (3.1/2200 (0/33) (0/33)

The numerator and denortinator in parentheses indicate the estimated number of banded bats that returned to the Izumo mines and the number of bats banded in winter

in the [zumo mines, respectively.
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Table 11. Récords of R. ferrumequinum banded in the maternity population and recaptured in the
hibernating population in the Jzume mines.

Neo. of banded bats recaptured (R™)

B 1980/81 1981/82 1983/84 1984/8h 1986/87 1991/92 1996/97 1997/98

Female 50 1400 00 44D 06 0{® 00 000 0{0

1980 Male 33 0 0C0) 331  0(® 000 00 00 0
Total 83 440 0(0) 7(T3  0(0)  0(0 00 00y 0(O0)
Female 110 — 443 909.4) 13(132) 41400 202D 0¢ O 0oCm

1981 Male 96 —3(3.2) 442 441 4040 00 221 0( )
Total 206 i — 7(7.6) 13(13.6) 17(17.2) 8(8.0) 202.7) 2¢2.1) 0C )

- Female 229 - ~  7(7.3) 21(21.3) 66 OCO)  0COY  0C0)
1982 Male 215 — — 24(25.00 17(17.2) 20(20.1) 0C 0) 0C 03 B I1E0)]
Total 444 - ) — 31(32.3) 38(38.5) 26(26.1) oCm 0C 0 0C 0
Female 212 — — — 31(31.4) 15(15.1) 202.7) 0C o 0o O

1984 Male 190 — — — 31(31.4) 10{10.1) 2(2.7) o om 101.0)
Total 402 — — — 62(62.9) 25(25.1) 4(5.4) oCo 1{1.0)
Female 205 - — — — 31(31.2) 2(2.1) oCm 0C O

1985 Male 210 - — — - 18(18.1» 4(5.4) 1.1 1(1.0)
Total 415 — - - — 49(49.2) 6(8.00 1(1.1) 1(1.0)
Female 69 — - — — 15(15.1) 0ocm 0C 0) oC

1986 Male T0 - - - - 17Q17.1) 202.7) Q1)) 0C o
Tortal 139 - — 32032.2) 202,71 Q1)) 0C o)

Sampling ratio(C’/N") 1.000 0925 0959 098 0995  0.746 0947  0.960

B, the number of bats banded as infants; C’, the number of bats examined to be banded or not in winter; N, the total

number of bats that hibernated in the Izumo mines. Numerals in parentheses indicate the estimated number of banded
bats that returned to the Izumo mines in winter, which was calculated by the following formula: R”/(C'/N").

42,5 EREEOREE

AR NT 24 | DOHBREZIC L » THon/fiffiicsk (Table 9) &5, BAICEBIhL
BikD BRI~ OBEORREE KT, BRI Hik S¥EBRBIVBEERLBOF -7 1B ohih-
fro AR, FREGUIBHRBFOEBITHU TS 70T, BINIBRFTTAILRITELUD -12H, A ZDIE
&, B ERORBRT FH21.1% (range 21.0~21.4%) TH - #z (Table 10), i 2, 3, 4, 5,
6, 7. 8, 10, 11, 12, BB LVUERO EHRERIIZNEN10.2, 55 (4.4~95), 9.2, 89 (2.0~
11.2), 5.1 (3.0~7.5), 36, 2.7, 1.3, 0.9 (0~13), 0, 03 (0 ~049)%FLT04%TH -7, FADH
£, i  FROEEEEEIZI05% (range 6.7~11.0%) it ESh-/. 2, 3, 4, 5, 6, 7,
8, 10, 11, 12, BEIVMHHEFEOFHMBEITAENTS, 6.0 4.1~19.1), 6.1, 11.1 (8.2~118), 2.9
{0~54), 3.5, 55, 2.0, 1.6 (0~19, 0.7, 0.8 (06~1.0) %BEU14%Th -7 A A, R LG, B
MEIGFLL FRB L THHSN AL DRUED T,

il & hiz A RI39BOD S B2 (37.4%), 4 X 1005 D > B29TH (20.0%) 3, WS MABEKLRHO
RS T S e, R | OMBAAT RSO, 2 6 HERIS RS R fins 2 2T
9 Fl, AZRTWHEDH T, SSTEBRBNYBBLTCHMOTHBSNI @S A ZTLH, A2 T4H, 14F
BRLTHHTHMEI NP AR, F2E1#H -1,



Table 12. Joining rates (%) of R. ferumequinum banded as infants in the Izumo mines in the summers of 1980-1986.

Winter  Ist  2nd  8rd  4th  5th  6th  7th  8th  9th  10th  1lth  12th  13th  I4th  16th  16th  17th  18th
Age 0 1 2 3 1 5 6 7 3 9 10 11 12 13 14 15 16 17
Fea) 8.0 0 - 8.4 ( - 0 - - - - 0 - - . - 0 0
female
680 @Os0)  (0/50) (2250 (/5 (0/50) (0/50) 050 (0/50)
Vo 0 0 - 9.4 ¢ - 0 - - - - 0 - - - - 0 o
ale
O O/ (G133 0/ (0/33) (0/33) G/ 0/3)
3.9 - 85 120 - 36 - - - - 25 - - ~ - 0 0 -
Female )
81 (4.3/110) (9.4/110) (13.2/119) (£.0/110) (2.7/110} W10 (0/110)
ai 33 - 14 43 - 12 - - - - 0 - - - - 2.9 0 -
aie
(3.2/%6) (4.2/9) (4179 (40,96 ©/%) 1% (0/9%)
o - 52 93 - 2% - - - - 0 - - - - 0 0 - -
- emaze (7.3/229) (21.3/229) (6.0/29) 0/229) (22 (0/229)
— 16 &0 - 9. - - = - 0 - =z - - 0 0 - -
Male ,
(35.0/215) (17.2/215) (20,1715 0/215) (0/215) (0,215
14.8 - 7.1 - - - - 1.3 - - Z = 0 0 — — - -
Female
o1 (31.4/212) (15.1/212) 2.7/212) (0/212)  (0/212)
16.5 - 5.3 - - - - 1.4 - - — - 0 05 - - - -
Male
(31.4/1%0) (10.1,/190) (3.7/150) (0/190)  (10/190)
— 152 - - - - 13 - - - 0 0 - - - - -
Female
85 (31.2/%06) (2.7/205) (0/205)  (0/25
Vel . 86 = - - - 26 - - - 05 05 - - - - :
e (18.1/210) (5.4/210) (11/210) (1.0/210)
Fernad 1.9 - - - - 0 - - - - 0 0 - - . - = .
emale
1086 (16.1/69) (0/68) 0/69)  (0/69)
al 94.4 - - - - 3.9 - - - = 0 0 - - - - _ _
ale
a7.1/70) (2.7/70) OO0
rena) 124 80 83 108 21 29 11 13 - 0 15 0 0 0 0 0 0 0
emale
Mean (31.8/441) (38.5/481) (15.8/350) (17.4/160) (60,79 (L0/179) (27/%5) (2.7/212) 029 QTAT9 O/ (OMAD 212 02 O3 ©/60  (0/50)
133 94 63 56 81 40 22 14 - 0 0 04 03 0s 0 o7 0 0
Male . _ .
(51.7/388) (43.1/458) (315/501) (7.2/129) (20.1/48) (5.7/166) (5.4/243) (2.7/150) 0215 07168 (L1313 (LO/400) (LO/190) (0/215) (21/310 (0/1%9)  (0/39)

The rumerator and denominator in parentheses indicate the estimated number of banded bats that joined the hibernating population and the number of bats banded as infants

in the Izumo mines, respectively.
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Table 13. Records of E. ferrumequinum banded in the hibernating population and recaptured in the

maternity population in the Izumo mines.

No. of banded bats recaptured (nr)

B 1981 oz 1uwd 1985 1986 1987
Female 66 201200 2(106)  1( 35 1030 00 0 0 O
1980/81 Male 33 0C O 0C 0 0C 6 00 0 00 B 0l O
Total 99 201200 20106 1035 1030 0L ® 0ol 0
Female 251 . — 12(420) 11331 11062  1{ 1.B)
1983/84 Male 220 - - 0 ® 0O 0D 0
Total 471 — —  12042.0) 11331  11{16.2)  1{ L5
Female 148 — - —  1G3D 2029 11
1984/85 Male 156 - - 9 0 06 » 0C 0
Total 304 - — — 133D 2029 115
Female 168 — - — — - 10(14.9
1986/87 Male 160 - = - - ()
Total 328 - - - — 100149
Sampling ratio(C/N) 0.166 0.188 0.286 0.332 0.681 0672

B’, the number of newly banded bats in winter; C, the number of bats captured in summer; N, the total number of bats
that congregated in the Izumo mines in summer. Numerals in parentheses indicate the estimated number of banded

bats that returned to the Izumo mines in summer, which was calculated by the following formula: nr/{(C/N).
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Fig. 17. Changes in the mean returning or joining rate (%) in R. ferrumequinum banded as infants in the
summers of 1980-1986. W, winter; S, summer. For returning and joining rates, see Tables 5 and 12,

respectively.
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Fig. 18. Changes in the mean returning or entry rate (%) in R. ferrumequinum banded in the winters of

1980-1992. W, winter; S, summer. For returning and entry rates, see Tables 10 and 14, respectively.
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Table 14. Entry rates (%) of female R. ferrumequinum banded in the Tzumo mines in the winters of
1980-1987.

Summer
Winter Ist 2nd 3rd 4th 5th 6th T7th
198081 18.2 16.1 - 5.3‘ 45 0 0
’ (12.0/66)  (10.6,/66) - (3.5/66)  (3.0/66) (0/66)  (0/66)
16.7 13.2 6.5 0.6
983
- 1983/81 (12.0/251)  (33.1/251) (16.2/251)  (1.5/251)
29.4 2.0 1.0
19§4/85 (33.1/148)  (2.9/148)  (1.5/148) )
8.9
Agw__1?86/87 (149,168
\ 16.1 10.0 1.4 1.6 45 0 0
ean (102.0/633) (16.6/465) (17.7/399)  (5.0/317)  (3.0/66)  (0/66) (0/66)

The numerator and denominator in parentheses indicate the estimated number of banded bats that joined the maternity
population and the number of bats banded in winter, respectively. No males banded in winter were recaptured in the
maternity population.

4,26, MEWERICEESINICBHEOREHICE T SEYR

RSB TH £, IS S h o BROBRIMICE T 2 Wil (Table 11) o, (HEWTTH
KO BEMIARA~OCBIE T - BEBMHELRD, §6, SHORAATRHAS SR> LTOTF—
FiRiohiih-17,

ARTIE, M PMOBMEITL124% (range 3.9~21.9%) TH -7 (Table 12}, @1, 2, 3, 4,
5. 6. T, 9BLUISEO FHBMEIRENEN0 (0~152), 83 (7.1~9.3), 109 (8.4~12.0), 2.2
(0~26), 2.2 (0~36), 1.1 (0~13), 13, 0%B LTS (0~25 %TH -7, #lIFL ELTHMESH
FARIKIR I o o, A RTINS, W1, 2. 03, 4. 5, 6, 7, 9, 10, 11, 12, 13, 4B X154 %
DTEBMERZENENIS (0~24.4), 9.4 (0~116), 6.3 (4.4~8.0), 5.6 (4.3~9.4), 81 (0~9.3), 4.0
(3.9~4.2), 22 (0~26), 1.4, 0, 0, 04 (0~0.5), 0.3 (0~05), 0.5, 0%HBLT0T(0~22) %TH-
7oo 164LL ETHMiE o b DE M -7,

WWRERBTA I N EEO NERGEEHE~DREE (Table 5) LEL{EKB~OBMED MEBIZ &
b1 5 B EFig. ITIZAd, A ATE, BLABHEN~ORMEILHERGTRAKE~OMBRICE~XTHS
MICER -1, SO LR, IWEEHRTEENI A RO N, IWEBEBATHA LA EERLTE
D, ZOMBMIEMBEL LTS IRME -1, —F, TXTOFZGHERABATESAIL, £F 2
WA TS S IHBRAB R WALNR S hich, BIMREEH -BE22ME) BHEB7 7 A0 4 2 &Lk
AR - 1o,

4.2.7. BEHICREREN-AEROHEFEFHICE T SER

WS TSR s h e Eh o M A I 35 5 HHlicsk (Table 13) &5, SEEEKEEOH
EMHRER~0BINE (ML -HESME) £.RD (Table 14), B4 4.2.5) TROARBEBRLLEGIC
Fig. 18Iz, o TUHERNOERR A TH D, Bicthl#icid U ik EkBMoRpsTcEuans
DT, B BHMAT—VRICHIET A L TE AT, s, ERERSNERNBEINTHE S
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Et b FRITH -1,

AZTHE, BERINABY (1HR) OBMAREH6.1% (range 8.9~22.4%) THH, Kk, 2, 3,
4B U5 EHIREREN10.0 2.0~16.1), 44 (1.0~6.5), 1.6 (0.6~53) %H X T45%TH 7z (Table
14, Fig. 18), 6 SHUBIZHS W EkZ G-, A ADHEFHBEEKE~OBMERL, RERLD
oKL, IWEBMBTHERT S A X0% { MEBRENA THAEMA T 5 2 Enpgahl, £ A7TH,
AT EER B TERESAAIRE - 1.

43 BE

4.3 1. BEESBOEERYE

BAEER 3 EEm AR, B EA EDERIMMEKSES 5 2 LMoo (Fig. 15). ZOxE, I
Oo—EHAT HHEMAMWRTEE RS, B72, AR T KX ALET, 5861 5 172400 % CH -
L HRE{CEAL] (Table 8), {LBMOEMMAHTH - 20T, BEHRIIMOMITENE b b, A
A2 TIRILERG O O MAES66.1%% L, + A TEIRERIZ348%ICHELM -7 (Table 8), FEHBE,
HERRBHC B DA MK A X, AR ELREARDOEHIEAHHEL, 1 XOERELDKEO
Wikt Th o, BERREBTEEN A ARREPLICEREN, S Z0RE LREETSH 5 IHEME
kgt & DHESH LN TH » 712, /e, MEFRMBTEZIIEEOD (TN TEEL L (Fig.
17), 2F RS A AL W, INRIEELIN M CHERT L (Fig. 18), $4b b, (HERE
YWRED PR (M AT &AM AREI S LoMEESH B THL, AV —HROKEF(RE T,

4.3.2. BEEEEON AR

Jones et al. (1995) B+ 27H 0530V OBRIZHLULRESL LT, AEHM5~ 12°C, FHHREEH96
Wbl b ThAS HEEHLTHA, UL, HWERARTRR - BE L6, SoRECEN (Kik3.1~13.8
C, HABESE~100%) LFMAT 2 LhfESIH, ABOLUVEERREN A IR (Fig 10),
Funakoshi and Uchida (1978) dH UHAXICAERT A aF 7 Ao Fav ), 2+ HavE) L0
HEOHR, ¥277 07208 OBREES L CREMKILC, XOKE - BREOHHmERHT L L%
LTS, 7, AHEIARPLHFIEASHEI G, BHERIZAETSH H (Ransome 1968,
1971, 1990 ; Jones et «l. 1995 ; Park et af. 1999), AR TE—FENhEDOMNT 2 HENE SR,
TRbL, 7450 ZERAGHOBREREENRILC, MOBROKINRERFICEINIZC
WELHEW®RT, BRErsOMINBVEER SN,

AAFETRF A 25378 ) O KEBLBEARREBIE TE LD - 1085, RS ORIEDNALETER
WMELDGETFLABECR, BELTHELOBRAEBKT 2 2 EAEMSIN TS (Funakoshi and
Uchida 1978), THIZHAE, F2H 527 VIZET 5 BRI RELXEHNBNBEBZ THICE
LU Ao —t R TH H, @FOHBTOME I ABOIRLCRERIEEIRIELI-bD &R LD,

4.3.3 EEMICT RN
BRICEZRINEAOMERI 1 FRICE, A ZATEFE21%, A TEH0.5%ETETFL, Ll

--- 34 —
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R ETA A TR 0~10.2%, *+ATEHOT~ILI%NDEETH -7 (Table 10}, = SicEEAMIL A ED
HTgin -7z (Table 9) iKbb o, F@BEINAOAATRMBEINT, 2 RBLIECHD THIE
ENFPIMARTYH, A RTRAESH O, MBEUEL HEEL T TEIShMbBES N, Th
OIS —BFHERIBHIEE Lo A L — DRI L > THEAREEA I EERLTL S, 1. I
LRI TEENBEOD (A5 LRI EAERE KD, TOMAImMBE LIt snEE -
72 (Table 12)e & 51, HFMISH  GUEHENTED S 5 mBEN 72 BE T2/, 2k 72 HANR T
B, 3okmEENT-BELLRET 20 T H A, FRMENUERBLA OB THEEALTH2H LRSS
THHUET ARK), HEHOHSHHABRITDATOSZ EMEEINE,

AHEDNFEREH TOREREMDE THL, Z0OERMBE & LITL UL T Ears 52 &
&, 4 F) AWEMOMETRTLME SN TS (Ransome 1991), %72, Brosset and Poillet (1985) i3 7
7 o ALREIZ B 1 S 26EMOFERMAOHER, AHOBLBUBEDOY 1 XHEICL > TRKEEHL, &
B EOTHENEL L {Eh . 122 L2 WE LT Z, Park of ol (1000) 4 3 SOFHRXEHBLEL2EE
T, W THRXTZEEREDSHEIIL > TAESLERLAEZEEERLTOS, JhoofFRE, F74705
Y EYHEILL - THABHAEL, SLHMNOET 2 EOBEENMAEY  ZEHO THRMN LTS Z
L& T 5, Tuttle (1976b) FEFLLTOMICERESE+BEHL, LFCRI005HEEA 5 BERAEM
FERT B2 A AnkAes oy ) it 28R ST - 72, TOHR, H9600u O BEBEAC LT,
SR & AL BB TR LA ik, MHRNECIZ A b ST, T I HTH -2 2 HEGL
T4, —/fi, Bogdanowicz and Urbanczyk (1983) idd—o v/ XFF7av &Y, a4kt avE
U, F=Rr hrshAbrFame), /JLryavE)BLUETHFarE) OBMKREICERLHER ¥
WL G I U THEB S N Wik lEREhE£hid.2, 304, 217, 27.7% B L U242%TH Y, BHR%E
ML THERTAHE (Fi25@) EELOENEL - I EEHEL TV, BRXORNEFRDRICIKES
ARTIE, BEROLEENBERMINT 2 HEOREYE L& UL TU S ARERIRE L. Shic
MLT, 77053780 THE, BLORNABREHFPHRHRICERINII(CHOT, SESTLY
PR TCOEANAEETH D, 070, oLz Hd 4Rt RIEHCEEA S h

BrE HEWEFBRFEROIO=-—-\OHREELI0=—DHERRK
ForAv3avEioan—i3 (B SE] RARKET 2 (R4 1979, 1986, UL, BENBHR
BETF bbb od, MHIODPNLIERIATH S, 4, RIMOGREA FEENTI0Z—
B HEICBET A0 (HA 1979, 1986 ; A+ 1988), € OKBRIBEHIA TN, £ETR, B X7
O30 —BHOFMEESMIL, v —BBE o -O/NBSEOERERET S,

5. 1. 7%

WA 1984F & L TF10858 D 6 JIrfyd o § Azt Tirbhis,
BEHOHD v+

HEHADT<THHEMGRIZELT, A, RdSBEZLT-3aYe) (BRI L 7Y —5 )
DL, MNELTI HESICHA L, BISERACHMIC®RIZ, RlSitkIn T 2988 %E. KA
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No. of bats

July Aug. July Aug.

Fig. 19. Seasonal changes in the number of bats in each category, showing
the process of formation and hreakup of nursery colonies in R. ferrumequinum
(1984). Letters refer to the name of the mines. @, mothers, barren females and
a few males; O, infants; &, infants forming a creche. Arrows indicate the date

whon the last parturtion ocourred.

ELTIMBHIIAT b UL, B RITEBRMBRERDT L7 =53 —F 51 AR L,
N7 4 2B UERBBOFRE

HAMATH oML NERORIBICF o3 — & 7L S MR ERE L, £ ROBICIIT X TOED
FEEF v 7 LT, Toan—HNB8EL0AH L, AEI1IE] -THD (HAS 1973 Bk
1977a), FHREEFAE 2 I 2= — 2 a L IZL-»TH FFIELGERILE TS &6 (Matsumura 1979, 1981,
AET 1988), PRV OBBIITANTIHNC LA ME LA L, Fi, KEOHEBHAOATRIELIEN -
(3.6%) OT (456 5%, Table 1688, FEMEDOHKISINERELBANOBINE KL, BELEE /0,
BT 4 P B X OFEROMEIDL, HEMRREOIHIZIRR L TOAIZnAiTiobil,
BEHNEBFERRICET SFRE

19854E 7 J] T~27THIZB, C, G, I HEUJiizk T, REMKRAL»SE-KBEIZ, 211
{creche, FEEKAEREICIHNTOSMICERS M 2 S8R 0P S AFEPINT 5 £ TICEBT 5B %6 -
Too BEICRTBFELFET Y —ETF Y —F 34 FPEHERLI,
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Table 15. Migration frequencies of mother-infant pairs during the nursery period
in K. ferrumequinum. '‘Resident’ and ‘Migrant’ are mother-infant pairs that
stayed in their original colony and that migrated at least once, respectively.
‘Unknown’ arc pairs that emigrated from the Izumo mines by weaning, including
pairs that migrated within the lzumo mines before the disappearance. Numerals
in parentheses indicate percent of the total number of mother-infant pairs.

Frequency of No. of mother-infant pairs
migrations 1984 1985
Resident 0 174 ( 43.3) 233 ( 56.1)
1 127 ( 31.6) 133 ( 32.0)
2 48 { 11.9) 12 ¢ 29
Migrant 3 ¢ 2.5 2 { 0.9)
Unknown 43 ( 10.7) 3 { 8.4)
Total 228 ( 56.7) 182 (43.9)
Total 402 {100.0) 415 (100.0)

522 ®&R

5.2.1. 20=—0E/RBIE

19844 45 & T 1985412 513 B N BIEHB~DO I 7 T ) OBFK EHROBRIZ>LTE, BISETHLCAE
NIZDT, I TIEHIGSMEEMIZ, FI0Z—DOREAROMEEE~D (Fig. 19)%
hisizbitsave)oEdEs HI2HT, TATAEETaTEYBRELA, Jn=—H 1 X
BB LT/ v 7Y — 7 —0E% RAMTIZTH28H (7188), BT 7T H22H 28), CMTRTH
2611 (768H), EMTIZ 8 A13H (1235H), GidTid 8 f112H (16388), IHMTIZ 7 H25H (1078), JHTE
8 J115H (1158) I AMEITE Ui, HMRI% Ik, BEFLAEE 2 TOMM (8 H 2 ~20H) iZB0TH
£a0Z—0H A XIALET, ARTIIE~61H, BiTIEI7T~34E, CMTIR63~T18, EWHTII83~
1238, GiETIZ135~1638, 1 #MTET2~1028, T TIEB0~1158DRTEAL L7, ShBRDEEILII -
T, /7 V=¥ R LEniILickd, SAYREI ORI _—DH A XRZEIT/NS (7,
8 TAIEMD S IHMOEA L & G IHEERELED, I HOBEIZRBRBILALHRLT,
HFao=—IlREILFARER

5.2.2. 7L4LnEKiEE

BHER G, BECHEA T ABRSERE RS SITERLL, R n B3R HEE - THEHL, FOHEN, ¢
Kbb7 LA 4B LY. BRIEANSFEI L7 LA 2 OhhohERERUINL, RicfanTRALL,
TVAHA X (T LA CEERT SO EKE) 38 A FEAE TR CHALL (Fig 19, #20=—
IZRWT S L f U ERERRITR LI, AFTIRS AL A (GoE), BiET 7 H5 (218, CH<T
($8 A3 H @6g), EMTIEBH 9H (T48), G TR TA9H (11588, [Tk 7 A30H (Q08H), Jifd
T8 A5 H (635) ThH-1c, H¥kIE8H RALIK K2 EHNRALRED, 7L 1 41 ZFREITH
XM Tivat, AT 8 H2IH, BiRTIRS8HI6H, CHBETERTESA2H, GHTI 8 H30
H, [T 8A6H, JiHTE 8 BWHIZE, TXTOHMERIZHMG, ThUBEI LAY ERSA
LA AR ol



Bull. Mie. Pref. For. Res. Ctr. 13 (2001)

Fig. 20. Schematic representation of the intercolonial relationship by
migrations of mother-infant pairs in R. ferrumequinum. Each circle
indicates the location of a mine, Letters refer to the name of the mines.
Arrows indicate the direction of the migration, and numerals beside the
arrows show the number of migrated pairs. Dashed arrows indicate the
emigration from the [zumo mines. (a), 1984; (b), 1985.
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Fig. 21. Relationship between the infant age and the relative migration
frequency of mother-infant pairs in R. ferrumequinum.
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5.2.3. BFAR7OI0=-—fHBM

198441018, BE#AE U 724020 0SBk D S B, 22888 (56.7%) 2%, 1985412341580 5 &, 1828
(43.9%) bl b 1ML oo —[{%#8 L7/ (Table 15), BEAGICHERRBEMSBH LD
12, BRI AR T & A, S A MEER O T, WEREROFEREIDIEIE, 19844 TI0.70M, 1985
TUH0.43[TH - 12,

1984412 1 EE~ 322/l D HE B Hiff B S M7 (Fig. 20a); €05 B 7 2 o= —EOMEBEMR2TIHM T, KD
43 DL REE A ~DOB N TH - 7o, 198512132010 Ak xh, 2B 6 cu=—HOHERES
HI66BITH b, BDISMAL BB N S OBILTH - 72 (Fig. 20b), iz, O IKEET SRRAMTHE
BEOHEIZW o, WA, 19848123 A, B, C, EMETETH, 198544121 B, C, EiRMIT63M,
G, [, JiMETEI984512(2109/], 19854 iZi383m BB A H SN,

LhERE 4 AL A HIRE ARG T 3700 (B 6 £8H), ThLlg#IlE ToBPRILRTELL -
tro £IT, 4HEMEFOHEII LT, HEEHEMIBEHE & ONFEERIT L (Fig. 21). 1984, 85
LG, BESHEICH TSR A M7 (B, 1984:x° = 299, P> 0.05;1985:x " = 0.91, P> 0.05)
IO ERGEOER, TH5 HEROIEROMBMEIZERLC, BESELLILERLTHS,

Koo —itB3sao——H4 ZEBINE (Boo=——itk0 T, HAORATHIET M08
T51HBHOBILGHEOkE) LoMFELFig. 2007T, 1984, 19854 & btigoMicHBIRon
Binnts (P> 005) SOI&EE, FIRTOBMMSIoZ—44 ZIZEHRLCE U EERLTL S,

Wiz, 7L Ay a XEBINEEOBIFEEFie. 2310437, 1984, 19855 & bl OIS EO M AW
Shfz (1984: v= 0.17x +1.10, P < 0.001: 1985 y = 0.06 x+2.57. P < 0.001),

301 1984 *
n =32
r2=0.093

20- ¢ .
§ 10 ’
w LI ] .
] . ? ..“ PCI
= 0 PN . .
'2 L} T L]
g
& 30 1985
g n =34
= r1=0.103

204

[ ] o L]
17 e Noogqe o o °
4 O.o o.‘ ‘ *
0 - T s T
0 50 100 150 200
Colony size

Fig. 22. Relationship between the colony size (the total number of
mothers, barren females and males) and the emigration rate in R.
Serrumequinum. The emigration rate was calculated by the ratio of
emigrated infants per day to all pre-fledging infants in each colony.
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304 1984

Emigration rate (%)

0 20 40 60 80 100 120 140
Creche size

Fig. 23. Relationship between the creche size (the number of infants
forming a creche) and the emigration rate in R. ferrumequinum.
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Fig. 24. Relationship between the creche sizes of departure and arrival
colonies in R. ferrumequinum. Numerals indicate the number of plots
overlapped. The straight line represents y = x.

BEBECZInZ— (B0 o) D7 LA DA XEBASNICIR S — (BAKXTID=—) @
FLAvH A XEDREEFig M4iz37, BHEILTo——0Fas LA 9 XEHBHEEDEN LD &4
BT KEhodc WHRE, t= 486, P <0.001), BIZELSFDBEIO S HAGH] (86.8%) 41, F LA L4
ZADREDPI NI —~DOBHTHY, FICr7 LA ¥ XHBLU Loao——hoDBEHRE, T2
VA H A XDLBNS NI Z—~OBHTH -7, Fig. B LUFig. UWhoFBohiEBERE, 714
YA ZDOIERNDBFRTOBIRERL, 71094 X700 —MBEHICL > THHMI N
TEEFELTL S,
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Fig. 25. Relationship between the creche size and the time required for mother-infant
reunion when mothers returned from out-feeding in R. ferrumequinum. Numerals indicate
the sample size. Vertical line, range; horizontal line, mean; rectangle, standard error.

5.2.4. BEOBTFERICET 5K

Fig. 2512, Z VA v H 1 XERAM SR -1HRN 7 L4 2O S HFEBEUNT 5 £ TIZH L/ EFE
EOMBETT, 7L H A ZOEANLEESITTHNERBER SR HONT, LEAHE, s
A A X500 —TiF, ERFTEEE (XSE) 34.711.25 (range 3~ 1% Th-7edizHl,
A M0 20— TiE23.5E5.09 (T ~4653) TH -1z,

5.3. ¥

5.3.1. /B - HERD 0= —DOHEERR

ave ) HoPe, REHEFHCEISEERIKT 28R, F7H 05308 3 Ta, A4ay
=y F, A+HF a2 )H (Rhinopomatidae), # ¥ F 3% =Y # (Emballonuridae), ~F a3 &) #
(Phyllostomidae), t+ 227U EBLUFFay £ E (Molossidae) iZJh { K5 h 3 (Bradbury
1977 : #3448 1988 : McCracken and Wilkineon 2000}, 2h @i Th, * o H LSt o= —
HEERYNET, FERBUC L C11~5180 (AR 1979), 18~395f (Ransome 1989) 35 X Uf25~9058 (Jones
et al. 1995) Do —pREES TS, £/, RO LELEEEO/ Mo —EKash3 &
o, WA (1979, 1986) BAMO o= —% [UNEF M E] MEFALY, AHETL OFHEHZET
&7 (Fig. 6, 19), MiA (1979, 1986) ®#F (1988) MIEML T 32480, RTRT7THEECI 20—
ARE LI (Fig. 200, INEERBATERSh 6 ~THO 20—, BER7HTh 6 OB EM¥%IC
KT A LIk - THECBEEIEU2H T,

5.3.2. BFR7TOBMIZLET LA YA XORE
AW AERORROBBHBE LR TH -7 (Fig.21). 4 HHRLUT ORI, Mk S & bR B
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ME2HT (6 FEBW), L FENRAFORIFECH RN LrdbodTBET L LEZL SN,
Blidooo—4# ZIC3B®Ea < (Fig. 22), 7L 1 41 Zicl{FMICE U (Fig. 23), BikoiEd
Al (86806 &, FLALHLTDEDNINTIN S —ADBEITAED (Fig. )., FOEL 71 0n
BEH A ZIBRh30THA,

5.3.3. BFRT7TOBYHNNE - HER D= —DRIICRIZTRE

0= =0/ - SHER, THETIEHRCoDRENINES SN S 5 HE B LUBFHEOE, B
ZiE, T7 727 %) Pipistrellus abramus (f4 1993 ; Yasui 1997), 3—po w773 an %
Pipistrellus pipistrellus {Speakman et al. 1995), 7 VU AF+ b5 37 £ Myotis thysanodesds L UF b
EAfakadbssa7E1) (OFarrel and Stuider 1973), #/3% 37 %) Antrozous pallidus (Davis 1969),
=13y 3Y 237 E Y Nyctalus lasiopterus (Maeda 1972), 2 —F ¥ 7a¥ <2 £ (Kozhurina
1993) THEHEShTU 3, £/, MHEFOBITMNMIELTY) M —2EBEKT 28, fZEH7yrs5a92))
Hipposiderus turpis (#4FF 1988) A+ =4 & 4% 27 £ | Saccopteryx biloneata (McCracken 1987)
Th, RCSONEFENMNHBERELDIGES, it —LVAXERT M, fIAEFIFRra2E)
(Wilkinson 1984, 1985), A4 ~5 3% £ Phyllostomus hastatus (McCracken and Bradbury 1981)
BEUENF L ENT a7 Carollia perspicillata (Porter 1978, 1979) %, —A—EOFKEEMEIE
T BEE, HZIEF R TvE)E FF Vampyrum spectrum (Walker 1975), F/3%7 5 2% E ) Lavia
Sfrons (Wickler and Uhrig 1969} XU AT — N —F 7 H 5 377 %)) Rhinolophus sedulus (Heller et
al. 1993) TRAAT 4 7 « V27T LPMBRMENFEHMENOY 1 XOHBRERICn s o lEMEh D,

Lian L, JECIRREFM L, #AUIHEOREUE2 &M — 2T, BARICHLTEESF /7 FoI5avE
VO30~ ZOFMEBERIZD L TOREF E 20, B4 (1986) (2, SEBOAFHEICL-TH
LEHMLTHT 5 fodd, 20Z—HARRLTELLEL D a[BEAEH L T 5, Matsumura (1979,
1981) B L T#aff (1988) 3, AEO} (2R EBNMEAEO A A XL EFLRFL, XN
NTHESEGT 8, HECBERI -V ETDLAENS, AAZORAZHOGICABLCES2RASH
H2 (MflsE3) 2& ZOBEIIAL S FET (interference sound) A%, BTFR7O#EI<—7&4b
HEIEERELTLS, HLEDITHIUL, HIEHTEW 2T, T NOSBOBASR
TEHRGOHNT, FTE#ENEthELod, ThEBRICE-TBRB XM EETEILETHALH, &
FIofFERIZENE, 7L o801 TBRECRBIIONTHEINH -2 BT OCET 2 1R EL
=7 (Fig. 25). 7 L A ¥ A ZITIREFNTBEIERE® oh, 2o —H 1 APH2EBME CR-h
ZIEITL0, FBEGRFEERAN X LIRETEIOTHAS,

B6E HoRE 4£FEXSIUSHOMESTEH
I —REEHBOART L 2 LEDYD, REOLHOHBROBEH I X F2¥ET 5 (Humphrey
1975 ; Kunz 1987 ; McWilliam 1987 ; B 1988 ; Kunz and Hood 2000), a7 EUHMITE LT, HMEE
WAk R X FHEBROMRIEERE L RE T 5 EEAN -TH D (Racey 1973 ; Ransome 1973 ; Tuttle 1976a ;
Racey and Swift 1981 ; Tuttle and Stevenson 1982 ; Uchida et al. 1984 ; Kunz 1987 ; McWilliam
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1987; Kunz and Robson 1995), ME#IZHE I 2BABRIIS2OCTLTTIILL20OMENS S
(Twente 1955 ; Davis et al. 1962 ; Dwyer 1963 ; Kunz 1973 ; Tuttle 1976a ; McNab 1982 ; Funakoshi
1986). LA Lade, HM, »230/DENMTSHTIE27E ) OREFHIIOLTOMRBZITLAL
W, 50, IAESRERE R MERCIH T S O BBROMFITEII DL TR AT TRAIATLY
W AETRFIZN I OTTVOMEOME Y-, KERERORERS, HUEBIUHBROMY
TBE BNt d 5,

6.1. &
NITF a0

1981, 1982, 1984%kH K TA1985® 6 J] Myt o T A EicA T THERMN TR I NI NTOHES %,
Fon—fFE 7L IBIEATHEREL, BAN HAEDB XU RS LA, 1982451C3, 181 [ZhEkD
(AR AR D U ()] i L AlET A S ) r P L EEEmEA L, LAl <, 18
HEsE kb, REPOKBINTEELSICL7,
MmEOE s BEOEY 1 X

19844E 7T H10H /& 8 H19H £19854E 6 JI29H 225 8 120012, B, C, EicHLT, WEHDBH S,
5 UER12TIR R O B S & M (MIEEELIEFig, 21 R L) HiBEE (FAL), Ml 3ikE (TDL) & U
i 5 ke (FDL) %/ ¥ A T01mmi{1 £ T, & BW) £ LILAMS 5B YA TAAr—NTillg
Hfirg TAIE LTz, R STolER, 20 —0#MLER/NIZT 200, B, BESERgICHMTT
CARBI TR bR, 1984E 8 H S HIZH GO AINIZH R IMERD, MBEOT VY YU ¥
(fledgling, “hEERIBEFLICS - TRMEZMET 20, JOB M SHAT TOYEAARTRIFICZ O L)
EAATHO R AN L, WO HETHM U, 7Ly PN L VREBRFICRLRY, RbEikEES 757 =
A== TO.0ed T TIHAIL 72,
HEOITENREEE

HAE A OB & 4Bk O SR o, 3Id7c &, RAT, IREOMME XA O D@2 L7,
DEE L USBO®ER

1984E T A10HM S 8 HI9U £ TEIl, AMBITCHIZBWLT, UHBKOHohZHHMOKkEE, -2
Z % — (YEW Pocket Thermister) @i -2 KO TIZZLAATHIE Uiz, 19844E 8 J1 5 HITHERE L7}
ok b, WD ik THE Uiz, WRAEFORC SO R &L,
L DIETE

1981, 1982, 198443 X CF19854m 6 J] Fiuh s 9 H RflC, MATHR W7 h# ek E 8 1 BT,
mk B (newborn A7 — 2, HIEMN SR/ EMEE T ; flapping R 7 — ¥, 31370 PG & RITH
bk T flying R T — ¥, MITHED S RN E T fledging R 7 — 2, HIRA»SEAEZT) ©
T HEERD I (Table 168K, M L 723K EMEH L THEARE R~/
BEOMEHITE

19824 7 A LM, (FY0H, THZHB LU H 4 UOE, AMIZHOT, BEOITEIE3024: 5 2 Bl
TEIBEL, 0B, BRORIEsTOLIHE, hhTuRUSROEREEThThEAL,
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SEMIBHELL LD, k@A AS— o 7YOFEIC: - TR L, 88z, WREERET L
F—%F I —F34 bEFRALI,

OIIT]]1TII¥IIIIFIIIIIIIIIITIIiIITIIlII
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Age in days

Fig. 26. Individual growth curves of the forearm in R. ferrumequinum.
Measurements were carried out in mines B, C and E (1984-1985),
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Fig. 27. Growth of the forearm in R. ferrumequinum. Solid and open circles
represent the mean values for males and females, respectively. Vertical lines
indicate 95% confidence intervale. Values are cshown for males and females
separately to avoid overlap of symbols, but both sexes had complete data sets.
Measurements were carried out in mines B, C and E {1984-1985).
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Fig. 28. Relationships of the forearm length {FAL) with the fifth digit length (FDL),
third digit length {TDL) and body weight (BW) in R. ferrumequinum. @: fledgling;
(: pre-volant infant. Measurements were carried out in mines B, C and E (1984-1985).
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Fig. 29. Relationship between the forearm length (FAL) and the wing
loading (WL) in fledging R. ferrumeguinum captured in mine G (1984).
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6.2 #Z

6.2.1. SHBOKELITHORE

WMREZ DG/ F8HOKE, Fikik, TIHREITES/EOFHM (FSE) 3, ThEhest
0.14g, 25.3%0.33mn, 33.0F0.62um, 304F0.51mT&H -7, ThEhOXEBEIEI25 (/209g), 425
(/59.5mm), 38.9 (/84.8mm), 40.8 (/74.6mm)%6 T - 72,

BB D R R M# 2 Fig. 2612057, X TOMRKICHEBELGEHS2AH D, ZOHRIRI6~I8HKTH »
teo BEMRAR LW O BB F TR TR ESBEF1 A8~ 1.00m,/ 0 TH - 72, Al & TiziibiE 3 EEED00.69%
IZEL, Kl #EA (FE400H 8D £ TOTEKEESR (4 SF) 1£2.8110.32m (range 2.0~4.4um) TH -
7o O &R, NEI~18UHINO K EREEAM A IFOMIBES ZIFIRELL I EERL TS,

R EMMRTORBO AL EHWET S0, BOFHRMEEFig. 2TI0RT, HAERED V- Eih
(£ SE)Y A 2 TIE25.24£0.35mm {range 22.9~28.0mm, n = 15), A 2 T{F25.30=0.60mm (23.0~30.3mm, n =
13) Th-oto, HERIBHETOVEREHEIZA R TR 1.52um/H, AR TiE153mm/HTHh -7, ¥IISHE
Uik, REEEE—FIZE ML, S#AETOFHEKEIDTMIIA ZTI40m, £ ZT280mTH - /2,
Ihodl i, EMmEimliOREEES#HARONREL JIZRETE I LEA7E L, OThoBT
bR THESIH SN, -1 CRE, P > 0.05),

N &5 5 f8le, 03 ik, WEOMEAFg 2810737, FHHFERHEBEIZEL, RESTIHBED
ARERICHYNTS (Fig. 2), ®BOEE BIMLKBICAREOOTIS, FilikESOEOHMEAE SHh:
{FDL: vy =148 x —13.1, P <0.001 ; TDL: y =1.74 x —18.7, P <0.001 ; BW v =0.37 x —2.49, P <0.001),

Ty POk &R REDMGEERg 290 R T, MACERTELIoEEABR S, RiED
BiCERIZERATENKS (A2 MHAMED S (v =—00014 x +0.214, P < 0.001),

HEEFET14.2 £0.33 (25K HEG (range 12~16H#, n =17) TRE/ - 2L, 2124 034HE
(17~23H &, n —22) THATONESORITAFEICAR D, 32.0L036HE (28~301HE, n= 31) THH
TfoTih s L 5 n, 400102308 BT~43HME, n — 49) TEA L.,

LoD, filE, BIMKBIUHES MEOEHM (XSE) §, thEh189+10.26g (16.0~21.7
g, n=3) 56.7t041mn (52.6~61.7am, » =37), 80.9E0.80mm (71.5~ 88.8mm, n =37 B LK TF71.4E0.69
me (63.8~78.5mm, n =37 IKEL, ThoOXHEEE0.4, 953, 954% B X TB.T%TH - 72,

Table 16. Estimated infant mortality in R. ferrumequinum.

Growth stage 1981 1982 1984 1985 B 1981-1985

{age in daye) ik dr gx Ix dv ogx  ix  dx gx I dx gx Ix dx  gx
Newborn ( 0-14.2) 151 1 0.7 382 202y 100 295 1 L0 300 1Ch 0.7 1128 503 (9
Flapping (14.2.21.2) 150 0 0 378 2 hs 292 0 ( 298 ( 0 1118 Z 02

Flying 2123201 150 S0 ] 376 2 Da 292 207 298 1 63 18 5 04

Newborn Flying 151 1 07 382 6(2) 21 295 5 17 300 200 10 1128 12(5) L5
Fledging  (320-40.00 150 4 27 %9 7 19 290 6 21 297 7 24 1111 21 22
Total 151 5 33 482 () 39 295 9 AT 300 9(H 33 1128 36(3) 36

The growth period of infants was divided into 4 stages: the newborn (birth-flapping), flupping (flapping flving).
flving (flying-fledging) and fledging (fledging-weaning} stages. Italicized numerals in parventheses indicate the
number of dead premature individuals recovered. {x: number of known-age infants banded. dx: number of dead infants
recovered; gx: {dx/ix) X 100,

- 467
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6.2.2. ShEDIETHE

SOEEIT T A, BEFLATICILTREGE LBk BG4 123.3% (19814), 3.9% (19824E), 3.7% (19844,
3.3% (19854 TH D, 4G FETEIE% TH »72 (Table16), newhorn 7 — ¥, S flying 27— ¥
T TOHEROIECRITECEC, 0.7% (198145), 2.1% (19824F), 1.7% (19844F), 1.0% (1985iK)TH b,
FH#1.5%Tdh -7 —H, fledgingR 7 — ¥ OFELCAIMATIHRIKERE L2323 T, 2.7% (19814F),
1.9% (19824), 2.1% (19844), 2.4%(1985%) THH, FHLL%TH -7, Tubb, TL vy J N 70D
1 bz h IR, RAMGINCHE~, FL b7

MEH LA 7Ly DY o 7ORKUED S B, 2AOHRETHD, KO IHEATRIRBOEMRED TN
BB DATH 72,

6.2.3. HMOERBED
Fig. 3012, ¢ sickangiokB 4271, HREEKO L C o HUOXERIBI~2.1TTH » 1,

40
, iz ?
I n'o'Tl; ‘+"+’ +$$‘E}
359 52, [1a ¢? -éﬁ
i
3014 ¢
i (@)
25 J I N N N [N N (N N [N (NN (Y (N SN I [ N U S NN G N N S N |
£ 40 .
Ko 3 &
= T-4--; $ _____ T wwomase
9 =
351 1? [ KIS IS0 L
i (b)
30 ) NN OO W N N N N N N S (N SN (N Y SN (N (N (N N [N (N NN AN N N N N N |
40
1. 66 _5 & ¢ TR R _b_s_;;lgs ____________
7
oL ) Wit
i (c)
30IIIIII\IIll[ll|l]l|lllllll£lll
0 10 20

Age in days

Fig. 30. Changes in the body temperature (Th) of infant R. ferrumequinum in the course of
growtih. (a) ‘solitary’ infanis hanging apart from an infant cluster; (b) ‘clustered’ infants
hanging in the center of a cluster consisting of more than 40 infants; (¢} ‘peripheral’ infants at
the edges of an infant cluster. Vertical line, range; horizontal line, mean; rectangle. standard
error. Broken lines indicate the mean body temperature (37.2°C) of alert mothers. Numerals
indicate the sample sizes. Measurements were carried out in mines A and C (1934).
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YELTO3I»DHATITY —, Tabb, 1) HITHREL, MEk Sk EHE L TOAL solitary’ Shlk,
2y 40ELL o s LA odSiicn T, MAAEEECBEERTLE ‘custered” Hi8k, 3) S LD
H&EIZ A ‘periphery” SIEIZAB L.

‘solitary’ #h#k (Fig. 30a) T, 0~ 1 HEBOEHIKEIZEL, 30CUFTHH, 2~3 HETIIINTC
ZPphl-f, | ~3HBTHBKENNE -7, MbE & LITHEEI ERL, ISHETESIKER
36.2°CICE L7, D%, TEEREICLU LTHEEL, BIKELNENh 1T, KEHREFERZIBHET
FEIEhi L oh 5,

‘clustered’ 518K (Fig. 30b) TiE, HELTH - T ‘solitary’ AT~ TH & MITHUOKEDHER S
N, FEERIZIHER (h=1) 20T, 35CE L Th -1, ISHEEMTREEALHUEO ‘solitary’
SEE D B L TN, SEoRkB#ERAMICE T 28BN ErfkE shiz, LML, ‘periphery’ 418k
(Fig. 30c), FIZIHBMABOMEK TR, VEHAR L HERO solitary’ ZhEkE 0 IZ& 04, ‘clustered’ LH¥R
LD FIES, fAIEER clustered SHEKITHE~T A&, -7,

HEROBHEEOKRE (ZAESROITORIEREL AT SR D) 36, FH37.2.50.16 (SE)C (range
35.1~38.9C, n = 44) TH 7z,

6.2.4, BEOMETR

WEH OO HEEE/Yy — 2 0ET 500, KMBERETE T, TXTORRIIHEERES &b
05 EAMIZHER AR L Tl U, 1985053 LY 14 (R0 5 b B o MICiahh TU 3 ko Heg)
THEORMEZEMDT 0% TH -7 (Fig. 3la, bl L L, (KBESMEDRBEL ISUBRRBO 51

100 . o g |

Embracing ratio (%)
<

0 T T T T T T T T T ! T : T T

2(:00 0:00 4:00
Time of day

Fig. 31. Changes in the ratio of infants embraced by their mothers to
all infants in mine A (1982). (a) infants under 18 days of age; (b) infants
of 18 days and older. ——. 11 July; —. 20 July; ----- .26 July; ——,
4 August.
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ER 122005105 W Ap S 4l LER D 7o 2008500 B B LA L OREMRACSILED, BIRETHIINTE
90.0%, 7 H20H TI293.5%, 7 H26H T{391.9%IC#E L7z (Fig. 3la), Znbllik, fafEEIRAITETH
WF (7T H11H Ti383.3~96.6%. 7 H20H Ti387.0~93.5%, 7 H26H Ti381.0~97.2%) TH#HHE L,
—H, RELACKEFEEEZFOIBH&KL Loyilofaf3RE, 23305HCEHE—7 (TH20H TR
25.0%, TH26H Ti313.5%, 8 H 4 HTIE16.7%) 355600, ®EEB L TE. -7 (Fig. 3lb

6.3. BE

6.3.1. F7HLS539FYOHEDEHE
IE)HOREFORERBICOVWTRTI TS OWMENSH S (Table 7)o 27V HE—ICHE
RRPE (altricial) TH b, EHREHROMGICKS (fk{ifT 2 K 1991), LML, #7475 5a780E
B oy ey HoORTEABNEAXLRERBE TAE TR, KBl L FiilEO SR £ h £132.5%
£425%iC#E L7 (Table Tho & 612, IWEHT TICHBILE DA, KAWHBHIRL T3S (EA 1972,
1977b : Funakoshi et al. 1992), MR ABORMLER TRIEHEIV/NS O, IERPOFTERTIC
LICMAS B EIZLBbDEEZONTLS (A 1972

AFEOWTE 3% 16~18H & TIHIZIFERACM, £ hllig, REGREIDMCET L2 (Fig. 26,
2T WIBEASIEALE, FIERMCHT, RITFABEZTIOREERENRBTEISI43, ZCORRBEIYENT
#]ESNTEHY (Kunz and Stern 1995), ZHEIZ I — 0 v Sv<av %) TIE30~401i# (Maeda 1972),
oy 2T TIHEIBZHE Davis 1969), 1—F > 7a¥<ay ) TEIH0UK (Kleiman 1969), #
A2 B3 %) Eptesicus fuscusT34I26H# (Kunz 1974 ; Burnett and Kunz 1982), I —o v /X7
TS5 amEY TIR22~29H# (Kleiman 1969 ; Rakhmatulina 1972), &+ 2% &Y Vespertilio superans
TI2$124 H# (Funakoshi and Uchida 1981), 3™ 51 # E'7 2 & Y Eptesicus serotinus (Kleiman
1969) L UE Ny L EANT I E Y TEF0HE (Cosson et al. 199)E&ShT B, Hfz, IFI7H Y
S &) (Yokoyama and Uchida 1979 ; 114 1986), FE~ S okA 427 E) (Kunz et al 1977),
F 2% E ) Murina leucogaster (JEA « NH 1981) XU A+ a3t +37 %Y (Kunz and
Robson 1995) T, KEEEEIWEPMIETL, NBRLEHRSEIR ST HENDS, The EHKELT,
F7H5a%E) TR, AREEAIVEERI6~ISH VI EMNMORRERICL > TEEAEREED
ZEVHFRAR D, i, IBECEERE, BEICEAVHEEESLE I MG (Fig. 28), BY1 6T
OMBITIRES NS & i T

Hii e O WAL G A%, RO A {ARICREN TR ANBEREER LRI A EMREEhi, T4b
L, 1I8HEE TOREMNEPH TS » 1K TEE, RARN (FH320HER) ®ICE T 2REBENAE
ot (Mg 29, “hirMEL 7T, T w701l HE:DNRERIEABRITTHED Z2h iz
THHFIZH L (Table 16), HARAMMN SHILE TOMMIZHRICE - TROBBUHRATHSLER S
Nty Fh, ELALTL YV 7D BRTS%DBEDFENT, TORCERZHEADAKI) &HEM
ANts, Ok, ROWMEOHKIMITEROEREL 7L V) L7 OBREHEEZETa Y, DT
TONAMEET S5 MR,
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6.3.2. SMOBESLVEFICHNZ AEEROLE

D XS54, F /A FaTEVICENTE, YHREEENHROEFCERLERERIT LI, £
OEREFEERET LIRELH R, RRB YT VKBV TREESEMAE S S S (Racey 1973 ; Ransome
1973 ; Tuttle 1976a ; Racey and Swiaft 1981 ; Tuttle and Stevenson 1982 ; Uchida et al. 1984 ;
Funakoshi 1986 ; Kunz 1987 ; McWilliam 1987 ; Kunz and Robson 1995}, 973 b, EEFEMED K
RELMRIERREERT 2 LI E - THEREHFL, HRE AN F-HEBETL Y& LD
iz, Ao AL T, REzHb S Toh kb zibF—RAMEMIHE (Kunz 1973 ¢
Tuttle 1976a ; McWilliam 1987), fEEEEORMRIE, 1) SEBOER, 2) BhHR, 3) A¥olT
Fck-THENS, £7, ZBLORAKIYEY IASUBREFRSEETIRAAOTT, BiREE T
o=—0ORh{ o6& LUTHRYT S (Herried 1963 ; NI » Bi4 1968 ; Barbour and Davis 1969 ; Kunz 1982 ;
fii#% 1988 ; Kunz and Robson 1995), AEM TS, FWMNO BB OB (13.0~263C) icao
~—wEH SN (Fig 1), UL, 2oSiaid, HERNO NBROFEEER 37.2°C), TH4bLEaMINT
WARICEERIZ A o ZEREREICHE~TH S MICE L, Ransome (1971, 1990) @3 hiRHMEkED &
REGHENTEHRB LM TEIREREONTCIEELLDM -2 THbL, ARdliTIER S
DRI, HEITE - TOHHBRERFEH S MCT - 12,

RBCHT2HNYDRR SOoFacii#inohs (Fig. 30b), — A T ENHEICTERICRE
ERAFREGIVBETVILEETRBIAL, T4DSL, 7L YEAESIZOHE OO DIk~
TEHRBPIES, BOoh3BhHRENED > (Fig. 300, ZHIZHML T, /o= —1F Ee@EKiC
AT AHBRHEEEST LD FFEHANROB OB RROHAREE 3. 2B LA, SHRBOMYICE
ENBRRIAERL Y LA DREHTERODT, BRREBEALBOARNOTHESLI, H-T, 48
T, SERICIFET R RN R DL ik, B o HTHTHS S S,

6.3.3. WAL ERERBEHFTILHOBEOBETE

M, £ 747730 ) OFAGHIHZREEHILNZE—7 &35 2IWREET 5 (&4 1972, 1977a;
kg 1978), AMHEBEXRCEAFORSSERNDOFA b« L—2 FTHREL, APoR¢BIIREI &
FIEEAELNLELD (MK 1972, 1977a), UL, KEFSESKTEGEL 2 FH>EE, LT 0h20~60
STORBEORIZBIMML, BYETHERICREET 2 (Fig 3la), RAMICE T 5 RO LR AIFE
OEFBIZIHONTHE, T§TI3—owF7 75337 E) (Swift 1980), B+ 2272 (Funakoshi and
Uchida 1981), €7 1) 7 #H 37 %Y Lasiurus cinereus (Barclay 1989), FPEAS ofsA b oo xY
(Kurta et al. 198Y9), 7 7 7 37 %Y Fptesicus nilssoni (Rydell 1989, 1993) Ty a4 TUL B A4,
FrALFaATE)THONIL ) AARAHMRHIRBREE R TGO, -, AFrE7av ey TR
I RABOEAERHIIEER O 2 512405 &9 (Brigham 1989). ¥/, aF 7433wy (L
A 1986) v ¥wa3x 7 H 53T E Y Rhinolophus iriomotensis {— perditus) (BAFF 1988) D Xk 5 iC
anz—¥A ZABFHEHA TR, B8O rHrERRARICEERh S, SSIlHTEBASZAK
WIao=——%ERT 28, AT+ 3 7E ) (Funakoshi 1986) A F L at kb Fav £ Y (Davis
et al. 1962) Tii, WHIIRAZT A LE &9, Humphrey and Kunz (1976) &, /NYETFHTT A D

- 50 J—
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Table 17. Comparison of mean litter size and juvenile mortality among bat species

Species . Mean. Juvgnile References
litter size mortality (%)
Molossidae
Tadarida brasiliensis 1 1.3 Herried 11.{1967)
Rhinolophidae
Rhinolophus ferrumequinum 1 3.6 This paper
0.9 Kuramoto (1977a)
R. cornutus 1 11.3 Yamamoto (1984)
Vespertilionidae
Eptesicus fuscus 2 10.0 Kunz {1974)
Lasiurus borealis 3 25.7 Kunz (1971)
Myotis austroriparius 2 11.8 Foster et al.(1978)
M. myotis 1 2.2-43 Roer (1973)
M. sodalis 1 70 Humphrey et al.(1977)
M. mystacinus 1 10-50 Bezem et 2l.(1960)
Plecotus townsendit 1 40 Humphrey and Kunz (1976)
Pipistrellus abramus 2 ca.50.0 Uchida (1966);

Funakoshi and Uchida (1982)

SEYTE, ARANOBBLEEREBRT I EICE - TOLBEENR LTS LT, FI74 75
amEY TREKOHHTICHT I EREBEINETOFFTERLSE TS EEL NI,

Kleiber (1961) # & UPeters (1983) - ki if, MFLEIC B 5 AMIRB L IKED -0.25FICHHAT 5
i, ASICEMCHEOSUNYEEIEE, RO LY — % HFIT L (McNab 1982), ¥+ 77 ¥
FagE) A TEERNB6gItETAAMIve Y THEI L0G, AFORARMEERIEICH - 72 B0
HIECITENE, KGRI R DRI s nEEL o B,

FyHYS YR THMELL ORI A ZERO04%IELTE Y, BLICBESATUSHE
HEOHT, AARAEraveYBITF NI ZVYHRAEF I T Myotis velifer IZIRS KEZUEATH »
fz {Table 7)., &A% TRBOWEMN | (22 TE, HREFTFCRETLI2ETHET A LEERT
%) 3, SEOFELERHIOT, FEOHRMOKCRIHEET Y€ OPTEHEL > (Table 17);
—%, 29 E)HETIR, BALOHoREOL :F—-SUREIIMENBP A, BELICRRICES
ZEMEMENTE Y (Racey and Speakman 1987), WA MEFOBIITHAN S 2 2L F—1EiE, FE
ZESTORILMANERAS, IO, ¥7H Y5308 ORRE, BRAOIHOLILF-FERKE
D F VSO E NI A EHRICRE L (Fie. 3la), 2kd» o 18H HLRRE, mTir#ossis:
SUEICER L, RILCHHZ LRNF-BRBEORMMIZGbE TIRAMRM AR L /2 (Fig. 31b)

HEok3w, #7740 509% ) TRYKOOHRENE, WERTECHRE2RICTHRY, KiaH
Hitk bR E i, ZoIFc, £