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A71o1F v|EF7 Cobitis choii (Pisces: Cobitidae)2)
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Distribution Aspect and Extinction Threat Evaluation of the Endangered Miho Spined Loach, Cobitis
choii (Pisces: Cobitidae) by Myeong-Hun Ko* and Mee-Sook Han (Kosoo Ecology Institute, Seoul 07952, Republic

of Korea)

ABSTRACT Distribution status and extinction threat evaluation of an endangered species, Cobitis
choii, were investigated from 2015 to 2019. In 2015 and 2018, we investigated past appearance sites
of C. choii. In 2015, 163 individuals from nine sites were collected by surveying 19 stations. In 2018,
19 individuals from five sites were collected by surveying 22 sites. In 2019, 156 individuals from 12
sites were collected as a result of a survey of 79 sites of past appearance and potential appearance
of C. choii. Appearance regions were Mihocheon (Baekgokcheon (2 sites), Chopyeongcheon (1 sites)),
Gapcheon (3 sites), Yugucheon (2 sites), Jicheon (4 sites), and Geumgang mainstream (2 sites). Among
these appearing regions, Baekgokcheon, Yugucheon, and Mihocheon mainstreams showed a sharp
decline in population. Baekgokcheon was estimated to have a habitat change due to a project to
raise the bank of Baekgok Reservoir. Yugucheon was estimated to have a habitat disturbance due
to flood-induced collapse and reconstruction of weir. Mihocheon mainstream was estimated to have
water pollution and habitat disturbance. On the other hand, Chopyeongcheon and Geumgang main-
stream were newly habitat identified and Gapcheon was noted to show an increase in the number of
individuals. After performing extinction threat evaluation, C. choii was evaluated as Endangered (EN
A2ac) due to its rapid population decline (more than 50%) in its habitats of Baekgokcheon, Yugucheon,
and Mihocheon based on criteria A, while it was evaluated as Vulnerable (VU B1ab (iii,v) + B2ab
(iii,v)) due to its narrow extent of occurrence (EOQO, 1,735 km? and area of occupancy (AOO, 36 km?)
in 6 locations with a continuous population decline based on criteria B. Therefore, the final threat
of extinction grade was evaluated as Endangered (EN A2ac). In Baekgokcheon, Yugucheon, and
Mihocheon mainstream where the population has declined rapidly recently, conservation measures are
urgently required to increase its population.
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AzbeHA| Zragt Aoz B uEglth(Sala et al., 2000; TUCN,
2020). Sejutet EpolRfE 4 ko i Hef |, s &
T A4, ket sHEAE cE e, A ARTEY =Y 5
o] Aol NRF U AYFTEY YdF T2 Bl B2 F
So] BZ9Fo) Aot AeE RuEctJang et al., 2006;
Kwater, 2007; NIBR, 2011, 2019; Ko et al., 2017). 3 5=
1989 R E BEN7IES AAst] BEsta g, o] 5
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Fo]lB L 1996\ 24%F, 19984 12F, 2005 18%, 20124 25
%, 20179 27%, 20224 29F 02 HH Z7lsta UTH(ME,
1996, 1998, 2005, 2012a, 2017, 2022). BE9|7|12L E8F 0
2 BEI] YA SOl i A EEAE 552 B
gt A - FE)ste Ao] Sagd, AAAALEH AW JUCN)
e HBEHE 582 AVF SR FUHE 4 Q= FNES
W 4 71E AJAE EHFETHIUCN, 2001). -2jutztell A
£ olE 7Rt 2 AMEERS BREE Uheta gl o
= 201193 201999] W7FE|SITH(NIBR, 2011, 2019). 3]
T olE AARRYL A2AF 9 EEHE 532 BB
{1t A A=t BE5te] Agegt B7ke] dA7F 9 oH,
olg|gt o] {FE tFF AAE o2 AURERAE T4

o2 ANsoRM F2ZF 9 EEPY, 449 52 o}
o]

st B8t HEAE 552 AB7HRL 3t (Ko, 2016; Ko
etal.,2018a,2018b, 2019, 2020, 2021, 2022; Choi et al., 2021,
2022).

u| S Z7) Cobitis choii7} 43t 1|32 I} (Cobitidae) ©]F=
frefalotet ofz gzt BRo) 214 171F0] &3kl (Kottelat,
2012; Nelson et al., 2016), $-2Utel= 54 1650] A4]5lH
REFPL AMA AFo|Fo|th(Kim, 2009; Chae et al., 2019).
") 5E7+= 1984 Kim and Sono]| &J3] Al£0 2 RUE £O
2, S2vate] 373 gjAjoe] of 27 0] AAlsks Ao R &
A th (Bogutskaya et al., 2008; Kim, 2009; Chae et al., 2019).
22w} 29 3% 2R 0% olZoR S 4
F 35l A48l (Kim and Son, 1984; Hong, 2004), &
SPHFA 2 =AY, 4 TR AR nytE 2743}
EHA AAR] 9 A7 435 24 AeE Rt
(Hong, 2004; ME, 2009; Ko et al., 2012a). ]2 gt o]-F-Z 1996
Ay S48 BEeFoR A58 F A @A BARA
A BE907] oMIAE 171 $AE o8 (ME, 1996,
1998, 2005, 2012a, 2017, 2022), A Z 27 2312 711
508 220059 (H454%), AAAQ] AW 5= 2011
(A533%)0] AA7IEEE ARG = UTHCHA, 2023). #|2F7
of Wt AFE BF8HA AL (Lee ef al., 1986; Park and Kim,
2003; Kim, 2009; Kwan et al., 2018)2} 287 3L (ME,
2009, 2011a, 2011b, 2012b, 2013; MLTM, 2010), F-ZA} 24
(Bang et al., 2008; Kim et al., 2008; Lee et al., 2008), Z7|J&
Ak(Song et al., 2008), Ay EfEH2] AL (ME, 2011b; Ko and Bang,
2018a, 2018b), AA&AZ} U XMANA L =4 (Bae et al., 2012;
Ko et al., 2012a, 2012b, 2014) 5] At} ESF ZAMRLZ X o] A
£ AfdAo] vl Fastar AMAX7E FZ 3] sk §lo]
201187} 20199 2= 2]7] (EN)2 B7+E| 91t (NIBR, 2011,
2019).

£ Aol HRAAY 7] oI E [ AH
n|ZEA 9 AURZRAE AAste] A9 RS o

o it

T3 UNST vlw L BAe] BEPYE BAstel A
B3 WEAY SFE BRI, dort BEGFS AN A

st

Mz A U

nsENe] A7E ER7|EL ExxA 2 HEYE &
AAY 58 ZAE 1984~2004, 2006~20144, 2015~2019
Yoz TR} 1984~2004E-2 AlZH 3 (Kim and Son,
1984)¢ &3} @ R (Hong, 2004)8] EX7]|ES B39
1, 2006~20149-2 FE7]1%F u|3E7)] EUAKY (ME, 2009,
2011a, 2012b, 2013, 2015; MLTM, 2010; Soonchunhyang
University, 2014)3 FA7|EE A48} 7|22 A (CHA,
2009), AA1E3}F 9 JA|$ 34 (Bae et al., 2012; Ko et al.,
2014), A3x} AZAAEH Z A (Lee et al., 2009; Yoon et al.,
2009) 59| ARE B4k 2015~20199-2 |0 WAt
o] KAd3}F 2AHME, 2016, 2018, 2019)2 24519t

n|ZEN Y] AAARS Totstr] 98l 2015 FE 2019d7t
A 2AFE AR E, vEEAE AA7EE (A4 2 A
AElo] glo] B3R AW d7HE w2 & AASHAT
FAR= 2015, 2018, 20199 33 ZALE AA|5H+=d], 201549
T} 20182 Hong (2004)7} Ko et al.(2012a) 59 Z3A|H 9
T2 AHE 4720159 1974, 20184 227K)5ke] AL,
20199 &8 7Fs4dol Sl= 74 5519 AR 9 27l
7971 A& A8kl AR 213 7F A 2)= TUCN (2001)
o] A1 A2 x2km)E 1#ste] 2~5km HEALE AHLS
Agstg o, AaA Q] W da §4, AH, 1 52
1~2kmZ AlEste] ZARE AAEIGITH | EE7he HA7I9E
I SRFRERY HE7] oI E [T E ARE] 7] Wi
of 2@ FFTHT GPS FEE= AASHA] FUTt.

R 3EFE 11E71R] AAISHa, 48L& 27)17F 2k 3
| ZJoj7bx] £8517] Hgte] HE 1 x 1 mme FHE AR
stglom, A FA T AAFE DRI F HIE FFRHA
k. AR 24 F 294 A skEa /2, 4, 1%, 5
Ay, P, el 55 A=, P32 Kani
(1944)9] w2}, 3HFEEE Cummins (1962)9] B94-S -5-831%1
o, I=E Google Earth®] A2E5 0|83} TH(Google Earth
Pro, US). o] -3}3H4] #742 201943 69 423 A7|AEx
(Conductivity), %, pH, £&AF4% (DO, dissolved oxygen)
S5 YANELEA (T-250A, ASAHI, Japan)$} 224 7| (HI-
9828, Romania)& AME-3t S8HITH BEHE 552 7
T8I & A ATE 2AE TUCN (2001, 2017)9] A=
B7F71&) w2t BrkskiTh
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1. A7 2= 7|18

Al7IE 237128 Fig. 13 2on A= F9 MY A
A4 Table 1) A2)5H3TH.

1) 1984~2004A

n]ZE70] ¢E 4] (holotype) A= 5 FTAl 2345
n]sd FHo|H, E1 2] (paratype)7tA] 5 85704 (38 AP
7F AR = Atk (Kim and Son, 1984). ©]% Hong (2004) 1985
WRE 200497H4] 283] 2ARE AAIste] 2071 A1 827047}
AR A=, 27 27 W89 off 2AAE shHEet Fof
T FolF 270 AR, A7 L F- 51 570 A, nEHe

B 2 AFESA, 294, FAA, A AA 1170 A, &

T 3R AR, AR R A1)l SHR1E ATk (Fig.
1A). 2A8le 8l Al w12 143 45704, 23 133 32
WA, =78 23] 37A, - 18] 170, A3 13 170 7F A3
g e, A, 54 59 £2=2 W3kth(Hong, 2004). w2}
A} o] 713kl mlEF = 2170 A 16770A17F AR = ATt

2) 2006~20144

o] Al7l& wZENY bt HUAE Y X9 A
OS2 A4jo] HIERth(Fig. 1B). n]EF7] EUAYOR
2006~20099-2 7H4, v] 54, §-+4, AHof|A A4lo] HilE]
el 53] nEHL AFHE AR W w2 A7 A
Algt= Aol ERIF T v|TH FF= 1AFAA 17HA17F &<l
=32 (ME, 2009), 200992 HAZIHE A48 AR &

olrt

T3 A A (CHA, 2009), A=AATH ZALZ ZHH ] A4
o] Eolx]Ath(Lee et al., 2009; Yoon et al., 2009). 2010 -2 1]
3 EF 9 AFY WIAH, 734, AH (MLTM, 2010; ME,
2011b)ollA, 201192 P13 27 9 W3 A7, 74, A
Z (ME, 2011a, 2011b; Bae er al., 2012)0|4 AAlo] BILE|¢]
t}. 2012W-2 WZH3t 95LH (ME, 2012b; Ko ef al., 2014)9]]
A, 201392 f-7300A, 201432 HIHT} G oA A4
o] B EJT}H(ME, 2013; Soonchunhyang University, 2014).
SHH n|EF/) HEAYGS] d3ko 2 AFABAE n|EFA X|o]
7 QA2 THE A8 FREU=T, 20079 A 420074
A],2008d W2 7,000704] (ME, 2009), 2010 7] &3 2,000
AR (ME, 2011b), 4534 4,0007§3] (MLTM, 2010), 2011 &
T4 5,0007HA] (ME, 2011a), 201249 53 7,0007§A] (ME,
2012b) SOl HF Folle WHF T ZUEPo] 2y HA
H| 23] g2 ZWA7F AR = Tk (Table 1). o] 7]3kell R %+
2E 25 1370 XA 79340 AL, HhA A= B, 2],
FTA, A 43tol et

2.2015~2019

E57|12

201595E 2019974 m|3E7He E@7|E2 HF Ao
9] MAAZES Thoteh= A YO Z 2015~20161 0] W
AGIAANT |14 Q77AA)D, XA @174A) Al (ME, 2016),
2017~2018W 7} 2018~2019W-2 - A 22 13744], 2
A7+ B2l= 9 TH(ME, 2018, 2019).

B BIZAME 20154, 20184, 20194 33] RALE AlAS}
o, NAZ] EA} fA4= Table 294 23ttt 201593
2018W-2 A EFAHE FAHLE RARE AASHAAL, 2019
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Fig. 1. Distribution of Cobitis choii in Geumgng (River), Korea from 1984 to 2019.
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Table 1. The records of the Cobitis choii in Geumgang, Korea from 1983 to 2019
Number of individuals (number of surveys)
Year Mihocheon Gab Yugu . Geurm Total Reference
Main- Baekgok Chopyeng -cheon -cheon Jicheon -gang
stream -cheon -cheon
1983 85(3) 85(3) Kim and Son, 1984
1985 11 (4)** 7(1) 7(1) 11(6) Hong, 2004
1986 2(2) 7(3) 1(1) 1(1) 1(1) 12(8) Hong, 2004
1987 4(1) 4(1) Hong, 2004
1992 19(1) 19(1) Hong, 2004
1993 2(1) 2(1) Hong, 2004
1997 3D 3(1) Hong, 2004
1994 2(1) 2(1) Hong, 2004
1998 1(1) 1(1) Hong, 2004
2000 3(2) 3(2) Hong, 2004
2002 3(1) 4(1) 7(2) Hong, 2004
2003 1(1) 1(1) 2(2) Hong, 2004
2004 16 (2) 16 (2) Hong, 2004
2006 2(2) 925(3) 30(3) 9(3) 966 (11) ME, 2009
2007 1(1) 57(2) 60 (2)* 5(2) 123 (7) ME, 2009
2008 4(1) 4(7) 8(8) Lee et al.,2009; ME, 2009
2009 8(2) 1(1) 37(1) 46 (4) CHA, 2009; ME, 2009;
Yoon et al., 2009
2010 697 (5)* 120 (2) 180 (2)* 55(2) 1,052(11) MLTM, 2010; ME, 2011a
2011 1(1) 2,559(9) 37(1),93(2)* 1,295(12) 4,022(25) ME,2011a,2011b;
Bae et al., 2012
2012 761 (5) 623 (4)* 1,384 (9) ME, 2012b; Ko et al., 2014
2013 295(8) 295 (8) ME, 2013
2014 8(1) 30(14) 38(15) Soonchunhyang University, 2014;
ME, 2015
2015~2016 51(3) 27 (6) 41(3) 119(12) ME, 2016
2015 121 (2) 2(1) 19(2) 99 (4) 241(9) Present study
2017~2018 13(3) 13(3) ME, 2018
2018 2(1) 2(1) 35(2) 39(4) Present study
2018~2019 2(2) 2(2) ME, 2019
2019 4(1) 8(1) 56 (3) 1(1) 70(4) 17(2) 156(12) Present study
Total 831(24) 4,606(29) 72(5) 171 (27) 1,329(50) 1,642(32) 20(4) 8,671 (171)

*monitoring after fry discharge, **Mihocheon mainstream, Musimcheon, Byeongcheoncheon, Baekgokcheon and Chopyengcheon not distinguished.

E2 A SFAH H 20l AdHE A9S FLEAIA
201532 1970 23& ARk 971 A1HoA 1637HA1E A3
St W2 270 AN 121707, 232 470 A 99
WA, A2 1 A 270, R 27 A 1971A1 =
HollA 7P B2 AAZE AR A 2018132 2271 A& =
Apste] 571 Aol 397HAIE A s, A2 371 A
357HA0, A2 17 A 2A0A 2 10 A 2 A7 A
HEo] AHo] 7P WAL Y2 A2)o] BRlHA] gh3tt.

201992 797 A& 2ARE A3, 1270 A-AA 15670415
At AHL 478 A 70704, 7L 370 AA 5670
A, 27 E5E 270 A- 17704, 253 1] A 87,
T2 17 A 478A], 82 170 A 1IAAI e AR
Fe AW, B, 27 EF 59 <02 W, 4 257 24
A7 25 17 AHLS B ZALA A0 2 A4]o] EJlE]
2t 20199 EFAHL 14710 YkA AR = 2 A7} 7H 2

3ol ATt
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THLE 19839RH 2003d7H] m|EH EF A, A7
A, 284, A, FAAE 114 AF 5 usd Aol A
A] t}(Kim and Son, 1984; Hong, 2004). ©]
3 13 H ERe AAAASTE 5835] st n|3d ARE
£ A st A HHEA Fke™ (ME, 2009), WAl 2E-S
A3l mzA ARE] 20109 2,00070A417F HFE o 20117+
A A Aol HEAATH(ME, 2011b), 2012 o] FFE = & =
ARE ZFeto] A4lo] RIEA QIA] gt 2019 2 FAbof|A
YE FHE BaF o] 2 A= glley ARHes
Aol F2 gten 7 AL AL AAHUAAY 2
Y=L U

U5 ARl fUEs HEH2 19859 FRE RHAF A
2ol Aol EQ1E UL (Hong, 2004), ©]F 20061-7F
WRA PR Gl B2 NAI7E A4S Aol ERlE| 5
2 (ME, 2009), 201597HA] B]aL3] g2 ZAA7F A = 3
th(MLTM, 2010; ME, 2011b, 2016; Bae et al., 2012; Ko et al.,
2014; Soonchunhyang University, 2014). =3t 215 AJALH m]
TZ7) Xo}7} 2008 7,00070A7} BRE B} Q31 (ME, 2009),
FA-AzeH oz AAMNAHE FATT 2T 20069 9,106+
2,52470A (ME, 2009), 20114 6,1437}A] (Bae et al., 2012),
20129 7,838 +6,29070A] (Ko et al., 2014)Z ¥]Z] B2 7]
7} AAeke Ao FRIETH E AR 20154 0ll= 27 A
HolA SIARZE Aol AR} ulma BekoLt 20184el
= MAAAE7E BRI AL 20198 o= 47hATEo] 2)F
Ho] A7t 5A3] Fastgieh. AA v EF7F Jde = A
AlSHE 3 (St. 2)2 20199 v|ZF7N7} A A81A] ghgh=tl, sH
o E(90%)°] thHaS A8 B Fol 30~40 cm= B
on F9| 550] gle AAFHLr Y, |3 F7F ozt
9] &0l 3= B4 = AAsh= 54 (ME, 2009; Ko
and Bang, 20182)2.2 & uj] A2&|x] W3y} 714 & ZrAQle
2 gzkEc oz AAA] Wske] Yele 2013WRE WPe
MIAA E Rol7] ALY AR S0t ASHEA 1)EE
= QAR gRE gadoz Makn stel Bo] go] &

ojA ulZFA7E M| ofHE: B o= WG] HEe

ok
fr
2
o
f
kI
"
32

d

ZAA7E Bl e 20083 PR HISAE FFAI Gl £
H o] 5 5E A2jo] FAHA] Pl UATHME, 2009). & FALZ
20199 28 F7Y 2FALA FAF(St. 3)oA 87AA7F

0530 2Ry HES Bt 53

A= FREU=HE, o132 5 30~50m, 4 0.3~1.5m
o|iL Rl L2|r W (30%)2t A (40%)9] ¥lEo] w2

HAAL 5 -3tFolA 1986 WRE 2004071 570 A4 32
ZWA7F 23 = ATk (Hong, 2004). ©]F 3 sHFolA 200613
3070 (33] ZAD (ME, 2009), 2008 4784 (73]) (Lee et al.,
2009), 20094 87§A] (23]) (Yoon et al., 2009)7F = o] A1
A7} sHRRE P E AT & 2AM A= 20159 170 XA 270
A, 20180l 17] A& 270417 AF =L, 20199 FL=RA
2 370 - (F Skm ARDoA 567HA17F A= o] BlwE @
2 AMA7E AAEEE QYT 20198 EFAH Y] AAEAL &
Z20~80m, 4 03~12mE §40] 3 A2 Bajo] vl gL
10~20%2 )17 Yok},

3) 7

SFAL 19854 170A)7F =T (Hong, 2004), 2007
A 5704 23] 2AP, 20099 1744171 1= STHME, 2009).
o|% mEFI EUAILE Xo]F 20109 4,0007]A], 2011
3 5,00070A, 2012 7,00070A) 7} FFE UL, o] 7|7kl 7
F 3 BUEHSZ 8697017, 2013 o= 29570A17F AR =
TH(MLTM, 2010; ME, 2011a, 2012b, 2013). $+8 3F2]-3E
g B o g MANASE 3793 A} 2012 1,857+ 943704
(ME, 2012b), 2013'd 226+ 1147§A| (ME, 2013)2 H|1.3] @2
NA7F BESE AAsk= A2 FAHEII. oF 2014 30
AR (143] ZAD (ME, 2015), 2015~20169 27707 (63]) (ME,
2016),2017~2018'd 13784 (32]) (ME, 2018), 2018~2019'd 2
A (23]) (ME, 2019)7} Y= glon, B A= 20154 1974
A @AM A, 20189 2704, 20199 1704174 A= o HAHA
o2 NANASTF At Ao R yepgth ARG A
g A1 2016 H|ZFA 2o R HH I} T2
B E L 0|5 20179 Bt QHR = HA A7 A wk
H Ao g Azte=d|, 5] Ho| A W QPR ZolA 1]
3N AAA A FAE o] FolF L, B HX] Fol= KO
Eol7h ot B &2 A5 o= vty HA njagIlrt A4l
7] o8& H o2 WAL thut B ofgf= Alzto] AUt
A AAgA o] EARQIET], 20199 ZAE §40] Q= =
Hof& (Hfu]E 70%)0] FE o] Qo] n|EFIHe A4le] 7}
53 AREg oz waE Qo)
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AL 1986 170417} Lo 2 AFE I (Hong, 2004),
20069 97HA| (33 AP, 20099 37704 (13]), 2010 5570
237} AH=EJHME, 2009; MLTM, 2010). 2011 0]&%
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7N AR A A e AA7IH9E A5333 2 A=A, v
33N ANAITE AYeoll et A7 A HA XH@HX%——
1.2957041 (123] ZApo]aL AHA7NAg= 71 Bol A A8k= A
Hol A FA-AEE HHOE 1426214926704 (A A A=
347177437 AAleHs Ao 2 2AE (Ko ef al., 2012b).
0|5 2015~2016 41704 (337} AR = YL (ME, 2016), £
ZALR 20159 47) XA 99704, 2018 27 AA 35704, 2019
| 478 A (2F 5km A4)) 7078A7F A = QAck A 9] v s F
MNe A= JAAA+Y Hee o & A2 #g glo]
A&A 02 g2 AA7F AAshs Aoz HeE

5 2z =22

7 BEFE 1986WRE 19943712 Ay ofef =AY
SHEe} Foj 7 04% % 270 ARolA 3AA7 AR E B gl
™ (Hong, 2004), °]$ &£&7]5°] flckrl 20199 FUEEX
AR 271 ARolA 1770A17F ER1Eo] FEEIT S HS
27 Z-31gR ez R AdDE AFAAGL 7S =
100~150 m, 441 0.3~12.0 mO] L §-&-2 B A 2 maj <]

HEL 10%2 F9ow 1670A17F AR = A1, 37217 (St. 8)
2 8Z 160~180m, 34 0.3~1.0mo|T §&42 vl g1
He= 70%2 v A wkow 17§A17F A = St

=
4. 83
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n) S £710] W£9E FrH= TUCN (2001, 2017)9] 7)o ot
2t IRttt W71 A 3AId) o] B 109 5 1 AL
2 AR E Bk, nEEe] dde w494 oo
2 335913 (Ko and Bang, 2018a), T 2@ 2 e A 3}
RAo2 HIES(ME, 2011b) 1Nt& oF 3Woz A=)

7] W2 GAIH 94) 108 5 HAHIFS Hrlstoiok dict,
SR T4 109 A 9] FxxAl Aiprp R3] g & =
AF ATH2015~20199)F 2006~20141 9] Aute} v]wsto] 7+
273 FAFAT 2006~20149-L FATA A A] 4 (HZA,
A, &A1, AH), 28X 137493, 2 A AapolAe J
A AR 223, AR, 2R 14712 e, A"
17} 7 RA T WA AR = 23] 438t H15 20194
FAURZZARE VN S8R0l S7FHAATE, kA 2)A] Wz
2 2006~2014A ) AR F o} 5 Fo]7] Aol &gt
A A2 HEkz 2198 E 99710 Q1AL S UG LR &
A 1.85770A17F A Ashe Ao BuEg o Hol B 9 A
AR QI3 AA1A] wtel] o5 N GAE $)7]of o qlom,
1983~2004 % FHof AAAHH v]3TH EF= 201107k A
Ao] ZRIE]l o} o]F Aalo] ERIE]A] grot |47} F4 3]
A2 gAY AGEEE 2oz SR mehA] uEFH A
AR 4L 2006~20140] BlE| AR 50% o]AF As Ao
2 3T Fagele] FHEA| ko AA1A] Fo] 2|43

N
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. h

© 2 stgsty] gio 2EHE 52 971 (EN A2ac)E 7}t
=it B7171& BE 399 1735 kmz, AGAA 36 km?o]
(7100 D), i 6712 Fom (FoFo| ), A&3
Al AAR] Aol e 1 AT 7k 917] wiol FHoF
(VU Blab (iii,v) + B2ab (iii,v)) 2.2 BH7}=] it} webs] n)sE
M) FBEAE 552 550l ¥4 Uehd AV|= uet JF
A71(EN A2ac)2 BH7F=]glet. o]t BE 9 552 20119
7+ 20199 2] FM22Z (NIBR, 2011,2019), & A3 2% 9]7]
(EN)E SUstgou, H7171%L 201193 201992 B/ )&
BE Z-83}o] EN B2ab (i,ii,ii,iv)FoU & dAFoA= FH717)
£ A4 EN A2ac, B7}7]& BollA= VU Blab (iii,v) + B2ab
(iii,n) = et 2 2ol Bt whaka] dEH71Ee] 959
4 F7he AEeA HP‘ﬂ 4 Prp7)E A8l et & Xpolg B

A 5= Q7] W2l 33 A HEHE FUHE HaEAE AA

19 B0 A QAR §2AE Bb1E Aol s

BU2 P BT B2y @ e
4, RS AT ABERAIE 2 mUEY 1Y AT
5 choret @77k Basich s SIS ols) olaiet 2
71 v A who] 3% 9l 7] W&o (ME, 2009; 2011a, 2012b,
2013; MLTM, 2010; Soonchunhyang University, 2014) £
o 2% AR &&E 5 Yot v|TZINY FaYAL -
FAFE A0 d £ Fo2 HIESQEY (Hong, 2004; ME,
2009; Ko et al., 2012a), & ZAAE 4R & =0]7] AFY
4 5t 2 AR 59 shFAE Al Ao 8 aQos
ARE N SAAY Y] fHo] AAFoR 2] 2 ACE Y
Bt A= 2 FFE VAL Ye AR FHHE. 5 W
THT F74, a2 2R 4A JDAAGed 22 A
A7t F43] Aas ok HHE WgAeR] = Fol7] A
Y ol AAR] Wtz Qs A7 FA8] Fadt Aew &
BE7] HZel 5 w017l AY olAY #91E RIS A4A]
8 BUST A F71E AT Aol RE AATE 5 A7)
Al B9 o] AJF35] atEl S B B H A
2] BAo A AMAe7F FH 8] FastH o, B FAF o] A4
B70] HHT o] #F ANTHS FYHOD P2 F
Ao} YRS B¢ Byl Wasihy BuHn WEH BRE
1985~200410] 71 W B AAZE AABHEO A A
4o YIF|L A gheh & 2} A B]3H ER SBAL o5
T7F AAE 4= Sl vl g3t Ao] o A FRAE
O w3 Q1Y W2 AETR ¥ AR AL, 5
Ao Y= FFAF 522 g o] £A) G ¢
F 7oA sPE AP JFHJAAY I QIgict w2t
Al B3 H ZERoA pEFNE EHsH] M fAFeR

Aol dasty FEEL sPHFA: AgsH AA A
E4AE 48 2 Jgo] sttt HZHHr
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< grsl7] 8l 20159 RE 20198717] 33] —E-—Z:A]:;l Al
stk 201597} 201892 B EAAHE THEE 2P
e, 201592 197 A& 2ARSH] 974 Xl@ow 16370
£.201832 227 A 2ARH 570 A lA 1971A1E A
Aottt 20199 A SAAE 2 S 7FsA ol = 7970
AdE 2ARE A3 1270 A-A 15670415 AR sHA. 28
A v 370 A-H W 270 A-, 234 170 AR, 7
A 3 A, f71 270 AR, AR 40 A, 37 25 270 A
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