KJEE 47(4): 258-272(2014) Original article
http://dx.doi.org/10.11614/KSL.2014.47.4.258

ISSN: 2288-1115 (Print), 2288-1123 (Online)

24 v 78 2EASES FHA A9
Anas - 294 QEEP

HAEND e A 72 e ad -
AN 72N AT 2R QA TR, A3 et ey}, FFEFATA

4

H

The Thermal Preference and the Selection of Hibernacula in Seven Cave-dwelling Bats. Kim, Sun-
Sook*, Yu-Seong Choi' and Jeong-Chil Yoo* (Ecosystem Service Research Team, National Institute
of Ecology, Seocheon 325-813, Korea; 'Ecology & Evolution Research Team, National Institute of
Ecology, Seocheon 325-813, Korea; *Korea Institute of Ornithology and Dept. of Biology, Kyung Hee
University, Seoul, 130-701, Korea)

Abstract  Bats hibernating in caves and unused mines were surveyed during six hibernation periods (from
December to February, 2005 and 2011) in Korea. We recorded 13,288 individuals of 11 species at 140 hiber-
nacula (60 caves and 80 abandoned mines): Rhinolophus ferrumequinum (n=3,509), Eptesicus serotinus (n=0),
Hypsugo alaschanicus (n=349), Miniopterus fuliginosus (n=5,919), Murina hilgendorfi (n=417), Myotis
aurascens (n=294), Myotis bombinus (n=2), Myotis formosus (n=401), Myotis macrodactylus (M.mac, n=
151), Myotis petax (n=2,131) and Plecotus ognevi (n=109). We studied the thermal preference and selection
of hibernacula of seven dominant bat species. Four species (Myotis petax, Hypsugo alaschanicus, Plecotus
ognevi and Murina hilgendorfi) hibernated mainly at the cold site below than 7°C, while three species (Myotis
formosus, Rhinolophus ferrumequinum and Miniopterus fuliginosus) hibernated at warm site above than 7°C.
Rhinolophus ferrumequinum had broad-ranged temperature zone for their hibernating site. The mean body
temperature of each species was 2.64+0.98°C for Murina hilgendorfi, 2.76 +1.68°C for Hypsugo alaschanicus,
2.78+0.98°C for Plecotus ognevi, 4.52+1.02°C for Myotis petax, 7.83 % 1.94°C for Miniopterus fuliginosus,
9.1942.35°C for Rhinolophus ferrumequinum and 13.64+0.76°C for Myotis formosus, respectively. The
body temperatures of hibernating bats were closely related to the rock surface temperatures rather than the
ambient temperatures. In conclusion, the diversity of bats community in hibernacula were closely related to
the range of inner ambient temperature of hibernacula, and more species of bats were occupied at sites
presenting a broad range of ambient temperatures.
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FASAE 95t] MEHe L=l 2459 719
(origin) o]} AEA|2] Q] F22] 2}o] 5 keI 3}r] wj
ol] (Grigg and Beard, 2000; Lovegrove, 2000; Kokurewicz,
2004), 2k Aejel M Y B R SRS R
Zol| ue} x}e)7} )3 (McNab, 1974; Thomas et al.,
1990; Nagel and Nagel, 1991; Webb et al., 1996; Arlettaz
et al., 2000), |9 A Lol ], Ald wa} x}o]S
Jehf 7] = 3o}k (Kokurewicz, 2004; Boyles et al., 2007).
HAFE AARA 2204 ATA FRFAL 9
sted PAAL (A anl7t HadtEE 2%, critical
temperatures) R.o} 2], e oz 22| Jef 5 F
A& 4 9)E= A L= (optimal temperature)S A 53k
o} (Kortner and Geiser, 1998; Dunbar and Tomasi, 2006;
Masing and Lutsar, 2007; Boyles et al., 2011). =3t v}z
5 23 48 FE 7S THINL B3t vjaxAA
9] 37 (x)9] WEh= A (TMR, torpor meta-
bolic rate)ol] A A= 02 oJgFS n]x|7] wFol] (Schmidt-
Nielsen, 1997; Thomas et al., 1990; Humphries et al.,
2002; Kokurewicz, 2004), A3 ¢l EH43 & 93}
AR A AR AR AHez e 5
t} (Kokurewicz, 2004; Ruczyhaki et al., 2005). & & 7t
A8 Lwt 2o BEe) Al Ade] QJgke T
(McNab, 1982; Geiser and Ruf, 1995; Webb er al., 1996,
Humphries et al., 2002; Kim et al., 2013), A|¥}*] =z
(Speakman and Rowland, 1999), s~H o AFE- (McNab,
1974; Thomas et al., 1990; Song et al., 1997; Speakman
and Thomas, 2003), ol|\J#] wl] & (Humphries et al., 2002;
Dunbar and Tomasi, 2006), =52 F7]1¢} 63 (Geiser
and Kenagy, 1988; Geiser, 2004), 55 7] 7} (Grinevitch
et al., 1995; Kortner and Geiser, 1998; Kim et al., 2013)
5 R Aol Qe Foh mebq @A u7)
2938 FURaT A 29 A% A2 S
o] 2= (Ransome, 1968; Tidemann and Flavel, 1987;
O’Donnell, 2000; Krebs, 2001; Kunz and Lumsden,
2003; Kim et al., 2013), &z12] #x 9 35, P25 &
A 5 AL Ad=s FHddse DM o=
t}(Boyles et al., 2007; Geiser and Stawski, 2011).
wF ] & 7t 2EAE T gt dTES 74 Fo A
B3 A RS AlFste] F2o] el A ozl £
A7) 3L (Tuttle and Kennedy, 2002), 2] A *] #z2|A| & 4=
2L 98t RS A Z3c}(Agosta, 2002; Tuttle, 2003;
Wang et al., 2003; Brack, 2007). A} A el A vlF 2] =
AT A4 Sl s M2 S Al d&
o, Z+ FHAM Z3® 2 Fo| LM gt

2EMSEet SHX ME 259

AR A 5o AAA L7 FHAHE osE &
e 271E Al wEtA 9 230 F5elX
+EAZE 9 MR e T dt Frhe FA4E AH
Arel A&Ael BUHEY AAE 7Hlez shsdict
(Racey, 2009).

T2 Y AR ol &E e FEolvt W 2
2| 8tg7hE o3 o wls) b o) ARk, EEl A F2
(=2 ¥ =& A=, 479 & dEhe A7)
Shof| o3l odFs W] diel =Y FEelM = ekt
253517 o] A=t} (Romero, 2009; Perry, 2013). A&
S DN FERAS BAL 52 v e va
MAA S THEe] WAL, 5= AE (cave fauna)®| Fx e}

EXwo] oJ3kS Ft}(Busotti et al., 2006; Romero,

N

o

52e Aaele ol gsh WATe $x A% Y ¥
F3H4 A77F Sl A 218 = 91 =]k (Son, 1978, 1979,
1981, 1996; Lee et al., 1987; Yoon and Son, 1989; Son
et al., 1991), £33 (Son et al., 1987; Kim et al., 2009,
2013)5 A<t F=4 wF o sHA e A3 A+F
= v ESE AAolv) at uhH o] MAlx] HEE $)%
% 7F AAA BT FE51A ExAls e A3 A
FA 4l 2k g AlgHAH ol

2 AFeME TH7I7 w3t el MM B
g wARe) FRge B2 A%l dsjod AR
T2 9 Jkd 19 753 Rhinolophus
Sferrumequinum, 71-2WtF Hypsugo alaschanicus, 717}
2= Miniopterus fuliginosus, 3x=%+3 Murina hilgen-
dorfi, ¥-249}5 Myotis formosus, BR5995 Myotis
petax, E7)9}+F Plecotus ognevi: NIBR, 2012a, b)2] &
EAswsl FUAs 54 9 FRAE, FRA) &
=545 vk 2 epdslel Aol el 72 4
Pakgiek

1. A A7) & XY

FEH UG ¥E L F 7 LEAERS A7)
dsted A FES AAFITH AFe dgoz
20059RE 2011974 AFEE Aol A4 T3
go FH7IZ ¢ 2 s AdsE
NIER (2004)3} Youngwol-Gun (2001), Pyeongchang-
Gun (2005), CHA (2004, 2006, 2008, 2009)2 #113}¢]
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24 A g AAsslend, slge) HS 243 o]
Ef)] o] 2~ (http://apec.kigam.re.kr) S %16]—9,1\3]- 24
wze) BRABE E 2 A 2 Aelh AAD
(Humphries ef al., 2002; Kim et al., 2013), dubH o=
S wHe] sm|7koe 2 7HEEE 12YKRE o] &)
29712 ZAE 43319 oh (Kokurewicz, 2004; Boyles
et al., 2006).
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1) &F S Y IS EAL

2005 12938 20119 29747 21 23} 5%
Fhed uk2E BAE 14042 FRAE A 23] o)A
k] w13 ) E49) AAAeE dalslalon,
o) AA42 71 =39de A AT T2A 5
Aoz QA AAsel s1oto] 17| el 3

& W AASe B4 Aol AAGR. B2E )

2e] 2| 2-qele) SAol 7)2ske] S 5H 3 (Albayrak,
1993 Yoon e al., 2004), & w3 NIBR (2012b)el] w}
ok 9w age] FoIE AL Aol @ vl
A NS Ak, 100744 o] F2E Ae 7
Qo= deF MAS =AAlS usith (Kunz et al.,
1996, 2009).

2) SEHO| 2 U Wil M2 5
]_

# Q7e 25 g8 T e S sleh
A, RS faled Aesis exo) drwt o
AA oz MBEA 7] Wil v e gl g

A 34 o] =t} (McNab, 1974; Webb et
and Ozgul, 2002). B4, 297 5t SHA7 o5&
JoeE 7 29 exdssl Tds] $x9d
(Bogdanowicz and Urbaficzyk, 1983; Valenciuc, 1989;
Jurczyszyn and Bajarczyk, 2001; Kokurewicz, 2004).
eo)4 wHe) BRge Aue Sxd W) B
57| o) (Hock, 1951), & 7t =AM s =el 33t o
 EELEE L PO PE PR E S
F9 A s SAdas 52 A4 o
2 AT, 228 2 3Gl S e bl
e g ﬁs}eav} uhze) AEw Lxi A
&< d¥s}7] uEol (Barclay et al., 1996), =39l 1}t
Ao Aww L8 24so] AL Anz ol4aAT)
(Kim et al., 2013). THx] yFol|A utz7} F2=s =
9 254 (ST80, Raytek, USA)2} & - £ =7 (Testo
605-H1, Testo-171, Testo, Germany)Z o]-&3}o] 7+ 7|
A 2] A& (T, body surface temperature)s} FH 2] ¢

al., 1996; Furman

l}ju —‘E‘ mlo

V‘iﬂ_\

2% (T,, rock surface temperature), o 7]-2% (T,, ambi-
ent temperature) 2 ZA3}th 2 AP} #dEHE Fot
el dla e wask Aol des Fols
Qo g zALE 9t 28 2 AL 829 Bt
F mUEE rlel=glelS F43}9t} Mitchell-Jones
and McLeish, 2004).

3. AUy

T FAE Slste] Aol TR oA E Fud
HAe 1 24 F F= A anprt oAz
= Ho Al #A4E Addesy 24 § 59

Fo Aws Aed, A 99 43T 4 oot
(Humpbhries er al., 2003; Boyles et al., 2007, 2011). u}=}
A wEAL EE 4 5 2Ael) Lk e d 9
e 9ok 2ol shsae WA sl 2ae 5
i Al ARE DAz B 4 e Boyles
et al., 2007; Masing and Lutsar, 2007). u}2}x] £ o]
A §24 WA 150 £xdser 249 Az ex
9] FHFzre = W wsd ok (Kim et al., 2009, 2013). & 7F
25352 zto]x= Kruskal-Wallis test2 243519 o
o, BAMSCR o3t 2] (p<0.05)7} Sl 75 A
1% (Dunn’s test)& AA|sk5iTt. FHE 2 o] Al
q7le=, shHexele] AAE AFEA (Spearman’s
rank correlation) & BA it} T A A4 23 =
-z o] Fpel Y 2xwgele] FAS EAEITL
k7 ] 33’1 o] &l 1407 FHAAS LxEA ] ot
2} LTR (FHA ] g7} 7°C ¢]3kel A& EA),
HTR (FHA 9] #HA2=7} 7°CRY ¥ 3-254), WR
(LTRE =3l FHAL 22997} 9°C ]2 37}
HER R & AT AmEH S $15k
SPSS 18kZ o|-&3}giom] EA MM Zar (1999)9] A
e oo

1. 324 439 2= g

200591 1298 2011 29717] 621 =A|7H
T I A e FHAA 140 A (Ak
22 6074, 93 8071 2ol A uH = 23} 115 13,288
MAE &lstedet. 9bH 2t (Rhinolophidae) ¥H3t5]
3,50970 4], ol 711}t 2} (Vespertilionidae) 71271}t 349
AA, 271z 5919704, Ttz 417744, B-ont
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Table 1. Number of sites and individuals of 11 hibernating bat spec-
ies in 140 hibernacula (60 caves and 80 abandoned mines)
during 2005~2011 in Korea.

Species No. sites No. individuals
Rhinolophus ferrumequinum 118 3,509
Eptesicus serotinus 4 6
Hysugo alaschanicus 23 349
Miniopterus fuliginosus 7 5919
Murina hilgendorfi 39 417
Myotis aurascens 6 294
Mpyotis bombinus 1 2
Myotis formosus 48 401
Myotis macrodactylus 4 151
Mbyotis petax 38 2,131
Plecotus ognevi 17 109

Total 140 13,288

F 401704, B394 2,13170A], =712 10970 A
= HEFI oM, o] o= E5 o] (Eptesicus
serotinus) 67\ A|, 95424943 (Myotis aurascens)
20470 A, vl Y159 ut5 (Myotis bombinus) 27\ A|, 21t
A5=9utF (Myotis macrodactylus) 15170 A 7} 242+ &3
= 9lc}(Table 1, Appendix 1).

14071 9] FHAA 7k IbF7E 2389 32 118
Naz FHAdLE 28 v)EL 843%=2 7MY 2943,
& oz Bontx 3429% (48714, T=3ntE 27.8% (39
N4, E{FERF 27.1% 38704, A2A 94 16.4%
(2370 4), B2 12.1% (17702, 717kt 43% (6
), TGN 43% (672), TS Se
2.8% (A7) &), F5o14F 2.8% (4714, Sl Sl4ant4]
0.7% (17 &) £ Jepytet 115 7-ed 7H 32
A7 g 7171 o] 79 67 4el] E3E o]
FTHALE 23S ko, 74 FHA e I
A FrE 7~351170A2 54 52 UA
= d4E Ve

ot A" T34 9 78] A (T
193t} (Kruskal-wallis test, H;=1210.61,
p<0.001, Table 2). 524 15 7% 7 F21915 9
HF AL 13.64+0.76°C (n=178, 11.1~14.8°C) =
gt Sgow g A 3 A

+2.35°C (n=502, 1.8~ 14.3°C)2} 7.83+1.94
°C(n=247,6.8~11.6°C)3ict}. ;7] 2] #-¢- FHE 9]
sled At Ao WS 1.8~14.3°CE 7% 71¢H|
71w el vb Sl e, A
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Table 2. The body temperature of hibernating bats of seven species
from 2005 to 2011.

Species N T, (CC)* Range (°C)
Rhinolophus ferrumequinum 502 9.1942.35" 1.8~14.3
Hysugo alaschanicus 172 2.76+1.68° 2.7~6.2
Miniopterus fuliginosus 247 7.83+£1.94>  68~11.6
Murina hilgendorfi 103 2.64+0.98° 1.7~54
Mpyotis formosus 178  13.64+0.76" 11.1~14.8
Myotis petax 277 452+1.01° 27~7.6
Plecotus ognevi 79 2.78+0.98° 1.3~5.38

*Kruskal-wallis test, H; =1210.6, p<0.001, the species with the same letter
were not significantly different based on pots-hoc Dunn’s test (p>0.05).
Data are presented as mean=+SD.

Aube, E719b 5 4% 7E vk B x5 A
3 Aoz vehgrh TS Slste] A9t =t
F o) AL 2.6440.98°C (n=103, 1.7~5.4°C), £7]1}
= 2.7840.98°C (n=79, 1.3~5.2°C), 7 &Au}tF =
2.76+1.68°C (n=172, 2.7~6.2°C), E9 49tz 4.4
+1.1°C(n=277,2.7~7.6°C) & o2 3% (&4}, 717}
gntF, Iutx)o] LxMsws} 2bo]2 el

3. 43 A2 S| 7|2, YHesotol
Arpret

sREel vl 729 AL FUAL W)L,

emsh 7247k AR el Fig. ). F 7k 3ol &

eRR 759 A2 7| 2= (Tl vl&] 2= (T)
9} WA A A= T} Spearman’s rank correlation,
21917 (T, : 1,=0.998, T, : 1,=0.958, p< 0.001), 7]--=]u}
F (T, :1,=0.984, T, : r,=0.888, p<0.001), T=9}F| (T,:
r, =0.960, T, : 1,=0.769, p<0.001), 717}tz (T, : r,.=
0.987, T, : 1,=0.844, p<0.001), 21} (T, : 1,=0.999,
T,: 1,=0.941, p<0.001), =51k (T, : 1,=0.993, T,
- 1,=0.743, p<0.001), E7]8H3] (T, : 1,=0.951, T, : 1,=
0.641, p<0.001). & w27 7] £2¢] A% o]} gt
ol vherel Ag A Hou, WAL ALt o]
Lxebe] A el WAsle] e A FEl ¥
3 (A2, A=z, 27N, BedE, =
714l vl =Skt

24 9 73l s AgE TR dres
o} P ew o] zpol F 7k X
o A=} 7MY w9k 5 =2 A HAS
Hol| 502 wide] & A F29HF9 79
=9} ti7] =2 2}ol= 0
H 2xAsErt 23 g B SollA 3He Al A

¢

B
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Fig. 1. The relationship between body temperature (T,), ambient temperature (T,, open circle and dotted line) and rock surface temperature
(T,, solid circle and solid line) in seven species of bats.
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Fig. 2. The number of species was significantly different by tem-
perature pattern among each winter sites. LTR; Low temper-
ature (high temperature <7°C with narrow range), HTR;
High temperature (low temperature >7°C with narrow range),
and WR; temperature with broad rang).

7, 2714 0] 79 b=t dr)ex

1.64+0.90°C, 1.75+0.96°C, 2.18 +0.96°C%}
@%‘% HFA st AR o} Wl widy ZHE
W] A5 B emsh hae)
=}o ]L‘ 1.35+0.76°C2} 1.24+0.48°CE FH-2115 o] H]
3 2 z}o]E vyehd ol (Kruskal-Wallis test, Hg=222.1,

p<0.001).

=
7b F2 FHALMHIR, FHA L HALE=7} 7°C o4
o] 3% vl 241 14440532 7P kAR 5
AL 2xrt AXEA T Hrex WSt F
THAA(LTR, FHA2] Hae=7t 7°C o]3lal el
A 2385 wFe] 4 2.77£1.7294 FHAAS
27} Ay nEAE 2F 23 WrleE
97F W EHAL(WR)HA 3.02+1.36%02 713
=7 et (One Way ANOVA test, F, 133=30.869,
p<0.001, Fig. 2).

[

Ll

LR Hol|A] BHF £ XA B oA L]
AgE = 27 Fot EHAA0 LxEX od A8
= o] x| =] (Humphries et al., 2002), 4 532 $3}o]

ro
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v dElsle Sxr FSoldez e ee.
Myotis lucifugus 2°C, Hock, 1951; Myotis sodalis 4~6
°C, Richter et al., 1993; Lasiurus borealis 5~ 10°C, Dunbar
and Tomasi, 2006; Dunbar and Brigham, 2010; Myotis
formosus 12~14°C, Kim et al., 2013). ¥}3] 2] SHA A
= AuE e g we wEst 9He)
A AFdEe] AEe| 3k Fo}(Sandel et al., 2001;
Kokurewicz, 2004; Boyles et al., 2007). 0|23 = 7+ A
R s R IR PR T
g oe edEde) dude A% £ 3 sAge
2ol 2 Yeht=1] (Humphries et al., 2002), F=3 o2
MA] HgxZE o)A Fo}(Fleming and Eby, 2003;
Geiser, 2004; Boyles et al., 2007).

2 A7 Adeln 524 94 720 FUFAL 9
so] AMT L2 £ 2 Ao} e AN
(Table 2). 1407)2] SHAANAN S FH TZFA4 5 7
Fo) exAser oe FUA AT 2
7 Aol 8 el e, 75k o B4giurA e L
35> 79 =AY Estonia /A Zo| v]3] =3k}t
(Masing and Lutsar, 2007; Plecotus auritus, 0.21°C (2.5
~3.8°C); Myotis daubentonii, 0.32°C (—2~4.5°C),
Tallinn, Estonia). & 7t7} & U] £xA3E zpo]E 1}
B 759 Z-5olHdl LEE Az BE AEdges
el A Aselnl, 5 AR 272AL 54

7= 27 o= ola]¥ o] 4= glt}(Tidemann and Flavel,
1987; Humpbhries et al., 2002; Kunz and Lumsden, 2003).
_Q_DH/HI:l]-ZﬂQ] z:io]xlo] Lo MITE z_o] 71%;}
Je1d WA 22D Ao 7|52l ol 3%
& Wt (Arlettaz et al., 2000; Kim et al., 2013), %]
Aelel] dge 2 B ohleh SRALES} DA
Aol 43 R4 7)ok (McNab, 1974;
Thomas et al., 1990; Nagel and Nagel, 1991; Speakman
and Thomas, 2003; Dunbar and Tomasi, 2006). & 7+ A
35E B4 L7 oA olvA] dake HadE
w] F-of (Thomans et al., 1990; Humpbhries et al., 2002;
Geiser, 2004), 2% 2] £x317]o] 2Eo| gl 254
AellM Bl 79 FHHAEL F5H ot (Thomas er
al., 1990; Humphries et al., 2002; Geiser, 2004; Boyles
et al.,2007). wpebr A wF] o] FHAZE ouA]
£ A & e 2= AY, F 4 3o LA
=9} dAFHE FHA Mg AFIe (A Ln]:
McNab, 1974, 2Hx £=w3}e} ZAAF719] AM:
Speakman and Racey, 1989; Thomas et al., 1990, ZE-o|
A 25X 3 %: Arlettaz et al., 2000; Kokurewicz, 2004,

N
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Kim et al., 2013).

it

ol AN 524 A 759

X_41

FA oA zBF oz oF 3t} (Sandel et al., 2001). =4
N AA ex 1 Ade] AL AL B
(Richter et al., 1993; Solick and Barclay, 2007), =4 =}
2] Ge7le] xe A QA Lo AR
t} (Dwyer, 1971; McNab, 1974; Romero, 2009; Perry,
2013). S-2uetel] Fx28 =2 ¢ F2799 47]

= 10~14°C He = I/}E]-‘ﬂﬂ;]- (Korea Meteorologi-
cal Administration, 2012; Perry, 2013). $HA uj&-9]
S sl ool 2o e AnEe e sl
2 wgsle] ueh Yo x W7} AAH AR (Webd
etal., 1996), FHA WA ubF o] 2bate] A€ djAf
zo] exMswe] o3 A3Ec}(Sandel ef al., 2001).
2 ATl E F24 w750 Lxdses B
o e T Wi shobw, 732 Aabel f1Fe
3 7 AsE L=t YA FHE AR el HXH
I R LR e
st AFS velll7] wEol (Raesly and Gates, 1987,
Thomas, 1995), ¥} Z9] &3 §72 E3)] THAA9)
exarel U3 437} JPsaeh el 524 w4
o $Fole) LxATEE FERAL Ak §
37 A& (indicator) 2] &-g-o] 7}53let. FHA] o
o] W7t B4 Foll 8 HzHe &= iy
A A ESE A Fo) 4 7PAS olxd A4

<
M d
o
o,
Nt
N
off
()

o ) A SEY U

Ao sz, 5ol ZAGIAE FolAlch 12
e SR AE F2RE AT 659 524
Hp ] TEdEme 2.6° coM 9.2°C2 Brack (2007)
[e]

4 Gerge Ao 54 el Fataold 4o

D25 EUe Aol e  Hee HRs,
= 7] (torpor duration)
<o} (Kortner and Geiser,
1998; Geiser, 2004; Geiser and Stawski, 2011). A3 <
Al 251 FRFe WA SRS A o)
Pghes §A5% B4 4o (Thomas er
al., 1990; Geiser, 2004). v}j2}r] v} 2] SHA o]
A Aol AFHE ol oldA Frhae sk <
AAel =& A3d Hoz 7AETH(McNab, 1974;
Boyles et al., 2007; Kim et al., 2010, 2013). =3l v}t
Ao A2 FHA S =3 WA A=A,
Hoh kg Al e} B RS vepd A&
3t AMS S ALY s Y E
A Fxo} o3 e Adsatgel os) ofskE vt
=t} (McNab, 1974; Raesly and Gates, 1987; Perry, 2013).
=0 s g7z vl A e, 547
d FZe HE=E Wrle=E ASA7IH (warm
effect), 34719 W7 &%S F3=(cool effect) 9 &S
3k} (McNab, 1974; Perry, 2013). o]w] vt3 o] A2 of
Hewel 7] 2% Abe]e] o ol o3 AAE A7)
el S Pl driee 4 A
o d3ke nlAw, FRF A9 AL Pewa
=8 A3}s \/]-E]-L,Hﬂ-(McNab, 1974; Geiser and Ruf,
1995; Boyles et al., 2007; Kim et al., 2013). 2 7 Z}e)| 4]
=ZA wkg 729 ALo] THALY Yr|erHT=
P es WP QAR AL oD AL Y
(Fig. 1). o4 vh5]¢] sHAde] A=A, YA 7%
< A §3}sl= 7 olgld (Boyles et al., 2011; Geiser and
Stawski, 2011), SH9}F 2] A2 &7 sl <t
A ohexel XA W 3 Wtz Qg oy
2 An)2 Qe P> A4
Z 2 AEE =t dAF FHALRY w|AAA)R] 9
7 B4 A 22 —’F‘E?‘fﬂ%ﬁri A= T 9
A AAE =Y, 2=
& 7] FHARS Y 5o
e g AlE "_P\:]-(MCNab 1974; Boyles et al., 2008).
57k AV B Bl 4
¥ Folul, &% 75 ol Bol7kA) @3 7] Fol
EE =2AIZ A wige 3HE A7) o Eell (Kim, 2005)
AR W7 e 2T web Feuae 12~
14°Ce) A7l ens) Ao §AHE 2 FUAL
2 A 53K (Kim er al., 2009, 2013). Bukz o} 71742t
w7 Beutde) vla drlewe) waEe 7
Ak, A oE e} AANAT, FRARE YA

;
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(Humphries et al., 2005; Boyles et al., 2008).

uhd e g dsste A2, #=2itE, E5
S, =7 52 52 U A9 2k v
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fifo
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and Stawski, 2011; Boyles et al., 2011; Kim ez al., 2013).
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Ase 44 ) AT} AYA) BEBE
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