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The Population Trend and Management for Conservation in Myotis formosus. Kim, Sun-Sook™ (0000-
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Research, National Institute of Ecology, Seocheon 33658, Republic of Korea; 'Animal Resources Division, National
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Abstract  Understanding the need for temperature regulation, behavior, and ecology of hibernating bats
provides the possibility of conservation and management for target species. Our objective in this study was to
improve understanding of the population trend and ecological requirement in Myotis formosus population in
South Korea. From 2007 to 2016, total of 58 hibernacula for Myotis formosus were found across the country.
Of the 58 hibernating sites of Myotis formosus, 86% (n=49) were abandoned mines and 14% (n=38) were
natural caves. During the survey period, 28 (5%) bats of total 570 bats were observed in natural caves (n=28)
and 542 (95%) bats were observed in abandoned mines (n=49). The internal environments of hibernacula
of M. formosus were highly stable despite dramatic variation in the external environment. Specifically, we
examined the population trend of the endangered bat Myotis formosus in South Korea by long-term monitoring
for hibernation sites. The population trend of endangered species M. formosus showed a marked stable in
hibernating population. Our results indicate that a tightly collected long-term data set may help to establish the
initial approximation of population trends and manage to threats for the endangered bat species.
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A AAHeR 7H g Bzt off 7]8FF T (Vesper-
tilionidea) ¥ Z13H4] A3 tEo] thefdt BEM=H
ZpolE yehdth 53] LA oA FHS AET F9
AEATE 2T A=A F33-h(Speakman and
Racey, 1989; Thomas et al., 1990; Webb et al., 1996; Arlet-
taz et al., 2000). 24 =237t FHS 357 f&) A
3t 2= (FHA, A= 1 AolE UEH T (Webb er
al., 1996; Kim et al., 2014), 87| 5] A AL &
REAST WPsHA AT Geiser, 1998). BT 914
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3%& Zth(Sandel et al., 2001;
Kokurewicz, 2004; Boyles et al., 2007). £3] BE97] 15
2] Boulxo] Eux AEL EHy] B9t & Hil:._
oF YA A= F2FY 2 A3 =+
Agtels @42 22575 3h(Kim e al., 2013).
2% 9zEsl &o et ol B FUH 24
Aol 7|gksto] JhAITE AeF B4 9 Hrhs AR A+
W o 2 wrol5o{ X1l It} (Battersby, 2010). BHF 9] &
HAe] i3t 2= A%, Al HS dAAE D 7
e E4 T e BEY #3E A ek A=
A G7HE 7hsotAl b AlAA B 9w et 5 4
ol g8 E9&}(Brack, 2007; Encarnacio et al.,
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1 (Kim et al., 2014),
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Zt}(Ingersoll et al., 2013).
oA AdF s A e,
of tiet AAA] FAET}F Fol FHAL 7] ZUFE
= w3 NAE A D AT B HHeE o
Th(Tuttle, 2003). =3 7HAIT B7HE A% $HA =
B HHE A F5b] A" AFEA ARE £
7] Wzoll AA AL YA 58S T 5
(Brady et al., 1982; Pruitt and TeWinkel, 2007). %5]
4 e A AAR FAET £ BT LE A

Steto], 4417 Q)24 o] ol 7] mUE @ﬂ%
o= AT AFL B AL Hush wols
A2 ek (Viogt and Kingston, 2016).

o T 2= Ao Bt AFES Y T A
£33 HEE ATt o el it ol E FXA]
7] (Tuttle and Kennedy, 2002), A4 #2418 +8&
93 ARE AF3} (Agosta, 2002; Tuttle, 2003; Wang
et al., 2003; Brack, 2007). ¥}F] 9] FH &A= diAF Fo
Al At Mg e AlEstz] deel, 2 SHA A &
ZE g Y 2= A= digt ARE Y TY A
AR a4 2oy FHAHE ol & A= ZAE A
SRk A oA HE7E S ¥ 5 EAOY 2=
Hslo] o3t YFS wste o] 7hssittdE A WS
o] 29E SUAL Ao ¥4 2R HrHE 4 Ut
(Boyles ez al., 2007). wtebA] BHF JfA o] FE0|4¢ &
T A3 = (species-specific thermal preference) 2 4] 2] %]
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718ko 2 715319 (Racey, 2009), B3 9] A4
A AT B AP F RAK AAZE £
AgHet e ks st7] $lske] LR skr}(Scalet er
al., 1996; Morrison et al., 1998).

AAA W F =@l tie Z7] 2UEHT A= 7hA

2 W5 0 208 A3t 715A S EETH (Ingersoll,
2013; Humphrey and Oli, 2015). =3 oRA5E2] A 4]X]
of Bl H2AE skl AATY Al - B A4
A E4E $AF ez TEF ook 5HAF (Busotti, 2006;
Romero, 2009), o] 2/a 3-8 7hh5] 2 9k, 22614
¥ SHsIgo] A1 2% MEws} Eaiste] A4A 9E
Z7F 52 F(Kim et al., 2013)9] 3%, 3HA TE= A
A RS Yot RS x| F o] Hrh(Tuttle, 2003; Racey,
2009)
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T ZAAC 2 2718 T Kim et al. (2009)°ﬂ «]3]1
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Y3 A} Ao A F2ubs FHA 583 0] Rl ‘zit}.
g2 e S57)dE AHES 7 AP E o] g
10 F&5E o538l 59 97HA] AdszZolu H g4t
A 22097F S 88 (Kim et al., 2013). E-28HF =
108 F¢7H o538l 59 E7HA FHE 33357 w2l
g 1288 7|E0 2 AR NAFE APEch B3
20079 7€ 2016974 +8E Ags FLE AFA
osf dojxl Aitol7] e +HE A5 AR E £
AA 7] 59 ko] & QI HE HAslsttt. H2uh
£ FUANA F= HHolY HA 1~374AY aide
25 gl A ZFE A7) g2l (Kim er al., 2009, 2013)
H28H Al gk 2 ool flo] =it
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A7t Blua] g FHA 739 Y
s+4iT}. 2007/2008 2 2012/2013E o] E-28H5 A A 5=7}
207 oldeoldd Heba= A9 537 FHAY 239
FHAY 2-5% fo|gZ7 (EL-USB-2 Temp/RH, Lasca
Electronics Ltd, England)E& A A|3l¢] 52 WHo 2x=9
S5 AR £PSHAG. FUH WR Lo} Beu £
Wik 7y A HTHe) o)t v)ee] e ohuy] e,
THA 7RI Aol A 7144H Y 309 HA7| A
2E o] &3t EAsHAT & Aol EE5H L AA &
2 vy 2YEPS A% AFEe 0 1S &
3519 ok (Mitchell-Jones and McLeish, 1994; Eurobats,
1998; Kunz et al., 2009).

T e F2olu HEAe T AAR o835,
gE7loe A ol Wk &E7] Tt 24
F7F ol &shs F3F Aol i AR L AT
olth. TH7 AR it BUE Y Amrtes FH2H)
A A B 24 2 EFA7IFY A ads Adst
€ A2 A A9E vErd = AR 204 9
of FH7] Ao digt A7 mUHE 2= A AA
9] FEE "] S22 AR dET (Tuttle,

2003; Pruitt and TeWinkel, 2007; Racey, 2009; Ingersoll et
al.,2013; Viogt and Kingston, 2016).

Bous AAZ A BAL 9ste] 2007RE 2016
WA AEE 2ARE ol gstgt Eouel A

7432 TRIM (Trends and Indices for Monitoring data,
version 3.54)& o]&3lo] BA5 Yt TRIME &7|4
A B ARE HFoR M WsE B
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2] (missing counts)E 1L&{sto] £A4% o 53| {835}
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(surface)oll A 7|EFH i 2=¢ A 25 9u|siH
A2 Yelth il vEke] 0o 77k A 2=
Aol 2 AL ulsta vH= 19 77k 2%
H3}Z o] ol B 2% S onjgitt

A3 A

1. pouy 2

Hr
rok
oot

20079 5E 201607HA] F29H FHAE o=
EUHPS 3 23, A=A 587 FHANA F2
93 57070A1E &It (Table 1). 2914 = 57
7 EQE wFAblY A dEE S AR o8kt =
A1 ESE wEE F 570704 7kl 2870A (%)= A
AE= (n=8)fA A=A, 54270H (95%)+= #d4t
(n=49)° A A= S} (Appendix 1). FHA Wl F
g9 3ol 59 o] A&E 2 4974 (B4%)H T,

o] F2uF7 A&KA R T AaR o] g3t Sl 7
3 (YH1,JJ,YA,JG,GS,JB, YH2)S] 4% A& Table
20 AT F29 FHA Y tir]2x=e Ads:
= 4% BAHeE FAHAUY IGY B+ Wl
12.76 £0.29°C (range 12.3~13.3°C)3 1L, JJ+= 13.04+0.17
°C (range 12.8~13.5°C), YAE Hd H7| 2=+ 13.08+
1.37°C (range 12.1~15.9°C),JBE= B4 7| 2== 1507+
0.17°C (range 15.0~15.5°C), YHI+= B+ 7|2 &
12.98+0.18°C (range 12.5~13.5°C), GS&] B+ th7|%=
L 12.46+0.20°C (range 12.0~13.0°C), YH2= H+ T
712X 12.9540.15°C (range 12.5~13.0°C)%it}h &

Table 1. Number of hibernacula surveyed and counts of Hodgson’s bat (Myotis formosus) during the hibernation period in 2007~2016.

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Max
Sites 29 30 22 7 22 31 36 24 19 28 58
Bats 251 219 171 43 159 238 291 206 139 359 570
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Table 2. Ambient temperature and humidity in 2007/2008 and 2012/2013 were measured at roosting position within seven major hibernac-

ula of Myotis formosus in Korea.

Temperature (°C) Humidity (%) .
Hibernaculum (Year) V value
MeanxSD Range Mean =+ SD Range
JG (2007/08) 12.76 +£0.29 12.3~133 99.3+0.86 98~100 0.037
1J(2007/08) 13.04+0.17 12.8~135 100£+0.00 100~100 0.026
YA (2007/08) 13.08+1.37 12.1~159 97.7+0.28 97~100 0.166
JB (2007/08) 15.07+0.17 15.0~15.5 99.3+0.86 98~100 0.018
YH1 (2012/13) 12.98+0.18 12.5~13.5 99.7+0.64 98~100 0.037
GS (2012/13) 1246+0.20 12.0~13.0 98.6+1.87 92.5~100 0.027
YH2 (2012/13) 12.95+0.15 12.5~13.0 99.9+0.54 93.0~100 0.014
'Index of temperature variability (V): a small value indicates a stable internal environment that varies little with changing external conditions.
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Fig. 1. The population trend of Myotis formosus hibernating in Ko-
rea during 2007~2016. Both observed and imputed value
by TRIM were indexed as 2007 =1.

2 FHEAZE YIAT A2 AG9] Az F A7
2 -7.6~19.5°C (2007/8d, A B3x), —17.8~19.5°C
(2012/139, F HHE A-of w2 W37} At A,
Hou A 7Y YR g7 E9 W3t A%t 1°C
olstz wj$ ¢tHFH oz G E It (range V=0.014—
0.166, Table 2).

TRIMO|| o3 #4135 HF295 Ao Mat= 433
(Trend =stable, slope=1.01, SE=0.01, N=53)2.2 &}
Wtk (Fig. 1). ¥]5 SHA A T2 AA A= st
201093} 201599 A7 BAREE Ao Ho|xgt
ol AAZ FHUAE 2ASHA] £ o]fof Ut E}EW
20079 o]F F2urF HAFE & W3t glo] Aol
FH R {AEIL girkar HEHE

2007@HE 2016@7HA] 24 =39 717 T &
28k o] FHA YA (20109)QF IN (2014 )0 A SHA
o] Fx7F MstE AL BASHh FHAY F27} #s)

Fig. 2. The change of hibernating bats (Myotis formosus and Rhi-
nolophus ferrumequinum) in the YA during winter seasons
from 2004 to 2016.
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A iAo SAHAY fded 7t
Y F=e F7HE o] AAId AEA FFE A
F o} (Harvell et al., 2002; Laurance and Useche, 2009). T
g o8 7HA] Y@ adlo] A7|3t ke E ol AT tﬂﬂ
7H A 4 Q7] diEel, AT A7 RYEEE A
A BA £23% 9u]E XYtk (Kannan et al., 2010).
ue) £7F L& AEEd] Bet AW AT 9 A=
74 e A Aol ofsi, FHA B AT
8 ouix) B4 shae] e w1 A4 oot 5
£ o] ojgt ola|S ST Boyles er al., 2011;
Geiser and Stawski, 2011). T2t A7|F oz dr-F7) &
AE TH Aas td ol ARt AAAE 7P E |
™ (Ransome, 1968; Tidemann and Flavel, 1987; O’Donnell,
2000; Kunz and Lumsden, 2003), @A 2] &3 2 35 A}
94 24 52 A AYES Hjsiehs BAZ ol
2 4 Atk (Boyles et al., 2007; Geiser and Stawski, 2011).
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1. 287 2= U322t MAX| 0|8 §d

outA7} EWR 7F o] 5L 317 91 220 E9F B
-J—oﬂk] E=HE $35t= A (Kim et al., 2013)S 7Hebe o,
A F2E7E 29 s Al ALY HYe 2
ZT71% BAE Y5t A FRolth dF FHA A A
A7t BAEgLoE EZ5n TRIM 24 Ay} 22
uHF JfAI o] g H ol AL AAA] BHE #eo F
QAL ougit}. w9 A Az FAE (site fidelity)s %

W Aao] GTAT FAN 27EE A a7 of
3t ZgtAd o 9sle] HFegS W=t} (Kunz, 1982; Lewis,
1995). 20079 5€ 2016¥71%] mUE s A3}, 587 &
A FollA o] FHA 8L NA F2HF Y &8
2 54 o] A&
SR Holl A HhF ] FH A A

oF A H= AR FH FaE AEste] oA &
H & FA43}8E A o]t (Geiser, 1988; Speakman and
Thomas, 2003; Wojciechowski et al., 2007). B-24FFof 9
3 A FUAE B 12.13~1507°C2F 92% ©]4+2)]
S%71 TH7|7F B9k A S E QLT (Table 2). B
Supz0) gAY nlad B4 UL AUy
o 7 T AYFAHAE FasskE Ho 719
Aoz AotE. F2u7E 299 5871 FHAC #HF
Atk AdFEolzte AS st A F24H A4
A9 2|9 FoAL T AZth AdAFIolut HFA
2 AlgtHol1, 3% s 7HsAd o] Rt} (Humphries er
al.,2002). B3 EL7|F F28H5 EAE 95t A=

Askn 25 a2 415

3 44 gt webd S
7} AR FATE 5
3 8
wxu 29} B70] 44
Ol:ﬂ-_‘__]_,] A(EEHX-I

o
S Es wa% Bl Ao 25

AT

I‘l-OHq

12 EE= AL BHHE X
3]-—‘;— %Eﬂ (hiberantion)Z A|3tE o
SA oz olsHth (Lyman et al.,
1982; Nedergaard et al. 1990) BHRE B x99 3t
A3 A Al et AHe AuEE B 4 9
= Z£E0|FQ 2% AT =5 AYITH(Webb er al., 1996;
Arlettaz et al., 2000; Boyles et al., 2007; Kim et al., 2013).
Aol AXE F2H5 FHA 73X & E4 (712
EoF §5)2 FSH w3t vlef A2 FAEHA
3 (Table 2), H28F= AUANALE F23617] 8t
of FH7IT Fet FHA 7 ol S SHA ¥ P F=F
A &2 o2 o] g8ttt (Kim et al., 2013). BA|] FHA
= H29F7E 432 U F8E Adl AvA AR
a3 = Qe AHY 248 AT Zer wdH
54 $9 AR aF 23& =& AT AR A
¥ (indicator)= QFA A1 A Lol Q5| o] &E= A4A|
o] EMat B3E7] w9 (Tidemann and Flavel, 1987;
O’Donnell, 2000; Kunz and Lumsden, 2003), & Z I}oj| 4]
ge mouwsn on HEwo WA EHS HouH
e 47 2ACRA HFYS 2 Ao BerHL

Fol ebA7] uRel, B ol§ B
g AR FF AN B L e Yot 2ol $F

gt

92 AA8 £t} (Morrison et al., 1998; Romoero, 2009).
94 HYEE £Y 5 YE FRA o O 29 29
= AAA W g el ot AT HEke] el
S B & Ut 2AS ANHE S AT Kiys, 2002
Brack, 2007). £ G704 #euz AREe AAH O
RO YATH Fig. 1), A FH FaolA] AAGT 7
28 o]F thA] F7HEE AT YASL INOJA A" ¥
A 27 wste] ot F24H A HIE =5 e
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7t QIEh TRIM 23t B414 #eus AAZe A4
Q1 A gAolglm, Houy FUA BAL g
Moz §AHUTt. TRNE SUA W AT
otk AL AA7) ) 7 ade) B oua 4 9)
th. 200893} B wako] o delol ojsh Bpael 31 THO
2 9% Y77k 999l Het g eEet Heuzt 3
2 FUsHs F49) BAo) SEL WA 8 o 2°C
Lol TH(NIER, 2012). YA W 50] 2% Wahs Heuky
of He) e LE MEEE 2E BEH F7h9} ol
52 Ure] LEds} Heuzo) Agaclon o)
AgaieAo] gt A AT YAS A 20108
o3 T8 A7 SEEEA FHA Wil
FH MA7t S7bskith (Fig. 2). & o2 H295 <9 59
QL INS| 2 S (FARF e, AT R s ¥
ot g2 F29F Al gaeh A 4F F1
Fazo] FEEo] Yehd H29HF A A AVl
A Wl el AN ddEr. 20129 YA
yjHo] 2z W3} (NIER, 2012)2 9l3t fj7]ex W3l =
@A 3 @ 5 gl e chiol ¥t 1A
AT HFF o E GAHTh= TRIM
U 59 Ao nABe o] Fad U
Th(Fig. 2). & &1 &4 U 949 k40 %’M% B
9 AAZe Aoz 9X8 4 9tk B3 7o §
WA A$, 34 wak 5 gradlel o8 AR o
Afeg gamgon of dAdoR Biue A
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B B Yetol GRS oJulsith. 991291 244
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B AT B 3719 AAF] Hl3) $50] A1,
AEo] R7] 2ol MAA Y 874 wWshyt /144 2k
Fale AL v Al gl AHAA IF
Z Tt} (Barclay et al., 2004; Voigt and Kingston, 2016).
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Appendix 1. Annual counts of Myotis formosus hibernating during 2007~2016.

Province Cave* Type® 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Max

BG C - - - - - - 1 - 0 - 1
GR1 M - 6 - - - 4 5 - 0 1 6
GR2 M - - - - - - - 5 9 9
DD M 0 - - 2 0 1 1 - 3 - 3
Gangwon GC C 1 - - 0 - - 0 0 0 0 1
SJ C 2 - - - - 2 - - - - 2
SO C 1 - - - - - - - - - 1
YHI M - 3 2 - 3 1 0 1 - 2 3
wC M 0 0 0 - 0 0 1 0 0 0 1
SP M 8 4 - 0 4 8 7 2 3 13 13
Gyeonggi CR M - - - - - 2 1 9 9 5 9
SJ2 M - 2 - 1 - - - - - 2
Gyeongnam GD M - - - - - - 3 2 1 - 3
HG M 2 2 0 0 0 0 2 0 0 0 2
Gyeongbuk YD M | | _ _ _ _ _ _ _ _ |
YJ M - - - - 2 2 0 - 0 2
LS M 2 4 2 - 3 2 1 2 - 2 4
CM M - 2 0 - - - 0 0 - 4 4
BD M 3 5 4 - 4 3 6 3 - 1 6
YHI1 M - 17 - - 28 43 57 - - 114 114
JB M 33 27 - - - 3 2 1 - - 33
DD M 1 - - - - - - - - - 1
IC1 M 2 2 3 - 4 2 4 8 - 2 8
Jeonnam IG M 25 25 13 - 9 8 21 19 - 25 25
Cc2 M 49 41 32 38 43 30 32 - 49 49
DYl M 1 1 - 1 2 5 4 - 2 5
DY2 M 0 0 2 1 0 3 0 0 - 0 3
SH M 2 2 2 0 0 0 1 - 1 3
YA M 39 32 39 - 18 20 17 20 - 26 39
YS1 M 0 0 0 0 0 1 0 0 - 0 1
MD M 3 4 6 0 0 2 2 0 - 0 6
IN M 3 2 2 6 4 7 14 4 - 0 14
HS c 1 - - - - - - - - - 1
Jeonbuk SL M - 3 6 - 3 4 2 0 3 - 6
Jeju GR C - - - - 1 - - - - - 1
AS M - - - - 1 - 1 - - - 1
YH2 M - - - - 22 12 14 - 9 - 22
Chungnam SG M 10 7 6 - 6 3 4 6 - 2 10
DS M 5 - - - - - - - - - 5
SG M 2 - - - 2 - 2 - - - 2
DL M - - - - - 1 1 0 - - 1
GN C 1 - - - 1 0 0 0 - - 1
BB C - 1 - - 1 - - - - - 1
GJ C 2 - - - 2 - 6 20 - 4 20
SC M 2 2 2 1 2 2 2 0 3 - 3
GS M 40 - 39 30 - 32 38 43 45 43 45
Chungbuk pnp M 1 2 2 - 2 2 5 5 - 5 5
MRI M - - - - - - - - 0 3 3
MR2 M - - - - - - - - 11 10 11
MR3 M - - - - - - - - 4 3 4
MR4 M - - - - - - - - 6 6 6
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Appendix 1. Continued.
Province Cave* Type® 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Max
YH M - 2 3 - - 4 7 7 8 4 8
SGGl1 M 4 2 1 - - 1 1 1 1 1 4
SGG2 M 4 3 2 - - 0 5 2 1 0 5
Chungbuk TC2 M - 0 1 - 0 1 1 3 1 4 4
HN2 M - 2 - - - - 7 7 8 4 8
SP M - 11 - 17 13 4 13 14 17
YJ M 1 2 1 0 0 0 0 0 0 - 2
No. of sites 29 30 22 7 22 31 36 24 19 28 58
No. of bats 251 219 171 43 159 238 291 206 139 359 570

*To preserve habitats of endangered species Myotis formosus, the name and details of the hibernation sites was omitted.

$Type of site: natural cave (C) and abandoned mine (M)
Hyphens (—) in table indicates non-survey site.



