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715l W2 21T ARCRRY T4t olSgel ek Seutere] cfEAQ) J15 et WEN1F T Abies
koreana Wilson)2] A1414] 7h4:5k AH415] B TAF le] Tak G477k At 407 SREIk 2 G A 409
(1980-2020) o}0}2] o] thet AE 1041 912 Ui, Alefeb) @ite] HopSo] 2748wkl Alehd- 2]
- Hop G B W ATANS BASIICE EF, oS EjE TR B pe] 9 BAL 95 BaF G479
WS AMSHch AYeRarA Q1 ok sk, AYelyel, e, HEAEE skt A 4092 & T3H
teto] WEE|glon], 2 104 59k 65.8%9] 48T t=to] MHERIIh A|ejiat Feblo|d 417e] kFo] wEwo]
7V B A7} o] Rl Bopant AeHiATolN 7bY e 38 GeRol dEEglon], sMEdTE

A AL 1089 A7k SBE Hoplle oY A7ENES ARG 20} B A7l TRS] 45 2 A4
712:0] 1 RIS /1 uslol URE LEARST} B 74 7R WA HA) Barol Otk AR AEHAQ] AOR
FEGle. e AERe] Alsle} TAe] e Aol obd Bl el ot gy ol thiie] At
712300 hgS T glowl, 1A Sagut Ak o] BEHo] Uel] wiERolch TR A ke sk
o2 EXj2 A%7bsd Heloh HA WRKS AXS] SIHIAE 2 it FokolA] A|4Ee]n AR At Sayslofol
3 Folef. Eah 7} Rofe] 9472 Fete] FRHOR B el A2HAE 5 A7 Holo] 2ol Basi

TR0 TAILIS, EtEHs) At - X[F9E- 20k A1 S, S7 Jut H 814, 02 S+ M

ABSTRACT

As climate change is expected to lead to a severe reduction of biodiversity, studies to investigate the reasons
for habitat loss, growth decline, and death of Korean fir (Abies koreana Wilson), endangered alpine/subalpine
species in Korea, have been conducted for years but found no clear answer yet. This study reviewed previous
studies on Korean fir published in the journals in the past 40 years, 1980 through 2020, into 10-year units,
examined the study trend by period, region, and subject with a focus on ecological studies, and analyzed the
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study results. The ecological studies were categorized into evolutionary ecology, physiological ecology,
population ecology, and landscape ecology. Based on the results, we suggested the required research fields in
the future. We found a total of 73 papers published in the past 40 years and 48 (65.8%) of them published in
the past 10 years. In terms of region, Mt. Halla accounted for the most as 41 papers were on it. In terms of
ecological subjects, the physiological ecology accounted for the most with 38, and the evolutionary ecology
accounted for the least with 10. The review of the study results showed that many studies identified water stress
caused by the water resource imbalance due to temperature increase and spring precipitation reduction
following climate change as the main reason for the decline and habitat loss of Korean fir. However, recent
studies suggested other factors, such as soil environment, disturbing organisms, and climatic events. The cause
of the decline and death of the Korean fir not yet being clearly identified is that most of the studies dealt with
the basic content, were carried out intermittently, and were concentrated in some regions. Therefore, we need
long-term studies with advanced technology in each study subject at a local scale to find the cause of Korean
fir decline and present sustainable management and conservation. Moreover, it is necessary to extend our study
subjects to ecosystem ecology and systems ecology to integrate the results from various study subjects for a
comprehensive understanding of the reason for Korean fir declines. The results of comprehensive studies could
provide clearer answers for Korean fir's declines and the alternatives of conservation management and
practices.

KEY WORDS: KOREAN FIR(ABIESKOREANA WILSON), FIR DECLINES, ENVIRONMENTAL CHANGE,
TEMPORAL, SPATIAL AND THEMATIC RESEARCH TRENDS, FUTURE RESEARCH

ME

AlETId 118l |7 The Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services, IPBES)
2} 7|5 3lo]| WS AETE FOJH|(Intergovernmental Panel on
Climate Change, IPCC)&= A=) A3l A AlAEHE (4]
o 735 715-ste] wEt At gl AETd Sdo] Yo
% A2 of| =319 K https://ipbes.net/global-assessment). At
95} o) ojAlsteka: ujE0] Z7h olaf A4Hola Fkeh
2t Huwglom, 29, 7k, sl s AR 71
&, HEe RIEet A 71 5 AT-2dgo]| whE ekt
ol 715 FEE A UERHTHIPCC, 2018). olof we}
T2 AEe] AAAE Hal glom, 53] ahkolah 5 2

Slof] RRE AEAlRl AL = A= 7 AR
oF Al o] W2 EE 7Hs/de] A7IEAL JATHIPCC,

2018). o|AF 715 Hisle] me Azkeh AErkpy a7t of
Zglof whe} 715Msle] WAt 0t AAE Befsl] Siat
Rt dAte) Ha/do] AxE Stk

St 31.9-320] LAY Abies koreana Wilson. )+~ 114k
olaAkjo]l Ajek= F0 2 A 20109 ZHAEAETOIA A
Aot =7E 715 AEAIRE 100570f e o] glom, £
Uzte] tjEAQ] 7|53} wi7=E0 2(Kong et al. 2009; Lee

et al. 2010), ZAAE S AWY(International Union for
Conservation of Natural Resources, [UCN)o]| o5} HZ9]7|
Z(EN, Endangered) 22 ZAECHKim et al. 2011). 7+4F
UHFO] Har o] 2 vl AJgtE|e] AR 314k Bl ofarhk 2o
HE|e] glom, A0 sl oF 1,000m ofde] &
wagth Ao R AR ML AL WAl AL
TEhE ERAL Tlokil Sejitel Bazsi, Sejik Ak
FEARE 2ol AlEA WAE AMY 2| Ho|tHKNA, 2015).

Aol ek Alefaky A Al 4067 TsPee
(Evolutionary Ecology), AJ2]/e174(Physiological Ecology),
A B -1 (Population Ecology), 733AJEf| 1A Landscape
Ecology) 5 Tt Hofoll ] Zal=lgle. e A7} 2t
FopollA] T AAA] B AR 4= A, JANS S7E A
2 Ejo] thgh A4S RAIBIAL ofof TRt AlE FEskaLAt
SIQITE 19909 o] S5E thoket $A1A 7T 2 oS B
A, 2 BAAE(Geographic Information System, GIS)/
YA Remote Sensing, RS) &4 52 Z-gsto] T
HEE oSk AR 2S4S FETeRA AAA] 7
2 2 A UE 2h= dHEo] S| 49YE|aL Qlrk(Park,
1990; Koo €t al. 2001; Kim and Lee. 2013; Cho €t al.
2015; Park et al. 2015; Koo €t al. 2016; Kim et al. 2017).
et Al 4097 S Tkt Qo Bt ol
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KA 2ok A4S AE W TAFE ke 9] oet S5
o)L ekt oAThe =) ok Sk olof wek 7t
o] e W BAHS o5 AukAel jeto] AXEA] st
Sl

B QAT A 409Kk ololzl PAES) Tt A7 %
e AFSol 20 Wkol Altjd- oy - Hopy o
T 53 AnE PEsh, o] Ed2 mukAel TR
B el =28 9t At WRRS AlXekaat gtk
o2 9slo] H A LofA= 198004 2020 E7H4] - €]
of|Af E7HE T T AR At oF T3S Al
i, Ao, Eopds EASISITE Al 412 1980 %=
FE 109 SR viro] aiEQle) A2 At oy
Alof| et = HPE EASISITE g HO| =7ellA oy
Ads gdem A7t 89 A= 2 Aol e =
{08 Aasgie}. fopd 412 ZISHYel(Evolutionary
Ecology)¥-, 2] Jel(Physiological Ecology)dd+, 7HA|
A (Population Ecology, 7NAlFA el AetleE|etie
sht 2 dAtolAde AEEEE ARSEH AL, Y E
(Landscape Ecology) ¢l & 47l ®ok= Uro] 2= itk
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AT AR A7 B3RS B0 S AR
AAHR AT B Awny] §l5) Hopdl 8 BE
ShIchFigure 1). ARl 360 714 Wekom,
R0z AuAAT} 149, AAZYHAT} 1330]9)
on|, ASHEATIL 1080 71 ik

AT 7t A7 Hopo &7t k¥ w4E ARw Ay
(Figure 2), A4t 407k 7379] i=fto] WhEE|glon], 2
104 59k oF 487(65.8%)] t=Fo] WEE|gick. 19904 o]
Aol MHEE] =52 ARl TARFRC] ofaald A4S
A5F Moon(1980)2] =17} -5-d3alc}. 1991d5E 2000 9|
L % 10M9] Fo] wisglon), MATAeNe ey
geaet 77k 7b ekt 108§ SEe AR d T
19964 o] o] WIEHSLOR, 43S AelAE AT 19974
ol o] WEHIT. EE ASHIEAT 192 1998Y10] 271
otk ol 19804l o] 1990c] ZY7b FARE ot
7} AbR 0 2 BESGTHe 24S Holrk 200195 2010
W7H) MR PARo] T AT & 14wlolul, A3ege

Population Ecology Landscape Ecology

Figure 1. Articles of Korean fir (Abies koreana) classified according to the four research themes; evolutionary ecology,
physiological ecology, population ecology and landscape ecology. Numbers on the bar of each category show

the number of articles published since 1980.
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G Hopt =5 o]FT). e S o= 2000
O] 4} o] E] dhgE|Qich: 11He] =5 2= 33ylo] 20014
of WErE|ar 92 2006 oo WIEE T}, 0|2} BlEo]
ZISHAYE, WA E, el Bet dAt= 2k 2006,
2007, 20109] HEA HFEE|QITh 2011WEE] 20208714
T 487 9| =0 WEE|gloH, At 30w o] Higl 2t
T7F =T A A= 205He] =Fo| HaE o
2001 YA 20109 7171 ofo] 7Fg E2 m=o] WEEE|gle.
™, 2013 9FE 2020 871R] H1E3] =to] LRSI the
S 2= JHAIREAY L} H A el st A+t 22 7, 131
RGN WA A A= 2012 95E] 2019 AlO]
of HIEE|¢lom, 3] 20184 |50 439 t=Fo] H3EE| Q]
o} e 20130 &7 §F HO| =E-S AlQlslal
= B 20159 of%of =gl ZISPY e A= 201 1E5
B 2019E714] 201293} 201498 ALk ujs) 23] =
o] s QY.

AR A7 7MY B2 ol AR, 71 st
of tigh AYe]d vkg- AL, el A=l f-81t 23

A7) 49 TRl
IAIEA 25 S 480 U 4GS BHOR S o
TR ARHOR g A7u] X|go] o]FolA tipe] en

e
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2710] 7K A0 BLE. vivlo] ST
vl AP ke How of ol thet o] 20104
of 9hq =& W Qo] F7hEl =2o] T Ae Aow
eIt} AT ATE AthHoR A7E re] 47} Ao
g, ol GIS, RS 2 2% 7|4 So| Fo] waksp] A2t
S, AR 55 5 QL 7]le] ofshy] WO Wtk
o, AT A9 eIl uls) 271 8
o] AN ulX|t AOE BAEGI. ol el
o) A4S AU 5 A7 A 7le] Bl
AT AT FAl] ARG BT Hao] Lash o]
ST ARG HEo] 1 Y Folck

Rletg 17 53

7379| =Eo A P A R A9 10352
B T AR TR ARkt 9k Tkt &
Bk Wtk Selhak 2R 35Tt 2HAL 24 5%
AlEE, AR YD Al AR o [EKFigure 3(a)).
7P 2 U] At R A9E Al ekt
AHog F 4130, thao 2 X[2htlo] 24, Ytlo] 8,
Ztopit 3%, WAk 2, 2Pk 23, Atk 1ot Ql9jE S

20
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11
8
7
1 11 I
|
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Figure 2. Articles of Korean fir (Abies koreana) classified by publishing periods; 1981~1990, 1991~2000, 2001~2010,

2011~2020.
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2 24 3T 2 SEARY, AT I
2 1 SRRl Thek AR 7t 2RIE e, of
ofe]) SkE ARE TFoR S8 e eHloln], sa
o] Belo] ofelg e SHo|TFigure 3(b).
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Figure 3. Research sites of Korean fir (Abies koreana)
in the Republic of Korea (a) and the number
of articles at each site (b).

TARpRel T A TRl AR el St
o} ARl HFHOR SREelon], 1 ojo] Hjojela
w9 2g0] AT} SARAL 4R gpe Ao BAE
S{ck(Figure 3(b)). ol Tk} xjejtel Mlela S4a 1
A T 9 AR B4 o R ek, Sk K
& th2 Hofo] uls) AefHom o] $IxjskaL glon, A4
A 7} 2 clere A4 84S A Aofolct. o % Fe
ARS: S A B 715slel 71 ekl SREE Aol
SIS Qlom, SHMIOR YEaks The ul7le S 1
S8k ook whebd] Shebke A ARlze] 715st
w2 g 9 Ford Blo) JKE Aaet AeloR v)skt
- oo Aol HRlA W A7l 4uiEl Aow T
ik Al w5 el FR o] $Ixjg ofak AlelA
2 AR vt A ceRt Bela- A A4 87
2 A Aefolek. ofe] we} 4414 7 @ A4 T
9 Qe Bl 9% TS Sasilol] Agtelo] B
Q77+ o] Hofol 5ayel Ao Fekeich. el hgvish
of e AR} Al WSt ) 2 Kjojell 2H vpeit
i1 Qlo] k] FlAQl pe) RAS SN etk
HEAE ol BlgAkt Zobk WeAl S| AAiAleh ALt
0] AR ANE7 B L, Sl el T
o eI} aglofor & Aol

Sopg o7 S5t
1. TlskHE AT

TR ZSHEE s TR 2011 o] Sl 438
itk A=+ JFH(National scale)ol|4] Hek 7+ G742 thokA]
2 fFAHAE FEske ek A1 qFE(Local scale)oilA]
71%- 2 9] Ajolo] whE opriet 7+ 144 TS THEshe
e 78 FAIR slof 7} o FoiFlnt. FTol= 7St
28 Mo shE 7| TS} olAlslEke: Z71 )9

A% mold e TARe §A4 haby A
Random Amplified Polymorphic DNA(RAPD) &A%}
microsatellite X B4, n|EZEgo} DNA 24 52 &8
5o 4=3)=|¢lc(Hong et al. 2011; Hong et al. 2016; Kwak
e al. 2017). TARIR Tk ] 207} AL RAPD 54
I} microsatellite 2] A HRolA =2 HOE IRIE S
U{Lee e al. 2006; Hong €t al. 2011), 4ol = Atz o
2wk Hoa UehdtKLee et al. 2006). ThE Az}
H| W3S wf, RAPD #AoflA o] F44; tholde
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=A|(Lee et al. 2006), microsatellite X FEAJof|A J-4=}
TS WAl UeRsdth(Hong et al. 2011). HlEF=gof
DNA #4& 53l A 1t §44 fA8AE 243 23
T AEE2 AP eR 7P o] fdeR:
TPE Aom UEton, gk M Aeke ok R
SE5H fH8 o 7P go] #RkERlaL, fRF T =
7V =& o= Uehiti(Hong et al. 2011). E3h VT
AR oA 2] Z]et 197)] microsatellite XS 2-8-3) 1767
A|2] FIAFES vlal BAgE Al YRR e g
Aot gbeo] 27 Heho 2 REQICHKwak et al. 2017).
o] F Fete] 54 9] apHs} B At 7 Yol
Eell 44 ThefAdel Ay A4 s Aol Aot
Uch= Zolsltt. 53] te Aehe] 22t opeke th2
Al o] FE3ESIAL Qli= i o] 2] tpede] A
o7 FAFIARE, R 299 e ke {3 SR
ElollA] W= Zlo] SrelElgitkKwak et al. 2017).

Ao Fro] §44 ik A= microsatellite A&
Sgslo] olZolAow], ARl U] HobE, BT, WYY 5
37 obet ] $212] TopaS sk Ahn et al. 2017),
1 nk, 7ol Az Zleke] A}l St v
o] L4 £ 4550 B S A0E BRIS, oby
€ 7 SRmENE 7o] ofolxIA] 9o Ao BAEloL,
A2 <l sk v SISl olRolalA) H ol 7§
A 2Pt yebd 7sd= AAESItAhn et al. 2017). gt
2pik A GoflA =8 7|20 mE MR FF Ho]
HAy}, QAL ke, AL Bfof| whet 9] Aol 7t
Zom, Ao} ZAg- 1 Aol Aot Aol AL 3R
P W= AR YEPHTHLIm et al. 2018). 023t 2jol=
A& zA0] 95 ZA == microsatellite FEX|of 2]t Ao Z
A=t 2 sy 7SSy ollRpA: SRRt R A
Exj|2) Gkl et Aks VU Q9 BEeE A7
(RNA sequence) 248 E3| o]Fo]HtHHwang et al.
2019). A2 g2 HARA| o] o] L2 2ol B3
on, 12 AEY A} $H oSS ST 2ol A
= W A2 520 AARA HEo| v AR UEyith
o] Aik= 7|5 2:d3je gt MR A A1k
ol = 3= 7|ZARE Al

2. 2| dEfAT

TARER] AT Ak 4047F ChFE Holo] 2
A 7V e Ak $REglE. £ Aol FAlo] utet
TR G ATE 3749 THOE o] HESI
ok 370 RS 1) SRS B4 Sake) Ak 1
AT, 2) BEF El W R anele] Jua 19

A, 3) A, ASAE], AR A 9 S ko] AnA|
g Atolth o] 5 S, ASRE], JAke] 1A 9l gkdito]
AERA T8 Ate A A 9 aARe) 7S e 40t
O TAE 8 AR ARl S S et
T AE Wl 9 AR BEE SRR TAIE A1
g AtE sl HESISIch

AR sjRar Sa aae] AR Q1 1990
Holl4 20204710 Ape] aieto] AlRkA0R S,
olefe ATEE PR 2%l T3, F4L Aol e
AT 5] BelHel Feje] Ao Aolg vlmeo A o
Aol s Amelglon), TaRkrel W9, 7 B4 5
of Belx| weje] B4 Al uf2 B3] ] P Ao
2 g5t Crawford, 1990; Lee et al. 1997; Song et al.
2007; Song et al. 2008). 13y Aol = 4R K(resin
duct)?] Felji= Ao w} thE 2o ERIEITHEo and
Hyun. 2013).

TS A EE T 8 atolel AR
g A 200019 0% TS SHOE A&H o ofF
ofA1T Qlck. ahebtte] A Kk WEATF U OIS ELS
WTBHHE ), HPAAE ZRAR] Hl) ol HRL
S A Aadke 2082 YESITHLIm et al.
20006). 2|°7lA|] 79 WS 7FAEEE Helom, We 7]
SRR SARFS A YAl E ol AES ST
AF ot BRI AT Lim et al. 2006). ] A2
= wA 7] 7, geE AR e 2Rel EQkY
25 Zpolof] ofFk Az AEH AR PRE ABSAE7L HAY
3t 754 SISt Lim et al. 2006). E3L $HEpARY]
A 2k, B9, AHEEY SV VY 3 B
= SHAIX] BEE o5 2} W YARERS R a8
A=AIZIEHON e al. 2001). ojo Hslod, ko whe Fd
& WSS A Ayt 15, 20, 259 71 5 15T 3R
o] 71 EsHA| dojuf= 24 2% (Optimal temperature)
ol Aoz RIFAHWoo et al. 2008). E3h ARl 212
IR ol AASE O] AS PEAEY L] ThE
FAAQ Fafol UehA|o] Wittt A& Zl o= veyitt
(Je et al. 2018). ol= & YthR]of] AAlehs e
789 7kt e o FoRst 4= dhes oItk whebA
T HE= FEY 8 a4l YA, olikeka,
T FR A 2 94l 7|Rae] AJoAkgo] ofsh
HAsk= Ao & 4= Qlk o] o]& ol Wthke i
B S7RE dAkgl vl B3 it Sael i
A Bt AR 2H g, of 59 R A
= URERS WO 1120f whE 33A|8](Photoinhibition) &
3t FIAESY] St W A Bt tliee s 5

o
3 4 gltk

N
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ARS8, AT B 1410] olg BATge] o]
A AFAEIRITE 257 Bgo] Fa 21 A
o} AT Al ghepitola] 2 e glom,
B0 TR A% e W AR S E23
ofgt B fEAEdAsL Fa 0 Ro2 Husrt
(Park and Seo. 1999; Koo et al. 2001; Seo et al. 2019b).
2uislo] ol /ARS8 7hE R ERE PR S
A7\ o] I8l $R4H0] B Lo AT A%
A5 2del= Ao& HQItKPark and Seo. 1999; Koo
et al. 2001). H 4] AT 581 AFEe] B
T o) TR S 5 A 2710 Tt o] Al
HAE HARo gy MhpE AEo] 53 fEAEY AL
293 291912 AA5FAKSeo et al. 2019a). E3}, L
Sl QA B Bgolshe ARl S4ma ohjzt
7 B 22 oA gjall, Ak A 224G, B

-1 O
4= )22 AASHITHKim et al. 2019; Seo et al. 2019a;
Seo et al. 2019b). “Lefu} of2fqh QIAFE0] gL 2]E o]
WA oke slelst] SlahA Hagk uld fme] Qi
weloflAl AL Fasto] A|7|= it Seo et al. 2019b).
TAKRO] MBS TR S AVER v} W A
H8E S QIARee] BAE 183t At ThaRt TRlollA
AR 4] €918 BB WA, TR SR
e A Qe G RS Amuglck T 5
Ao okt ok Sz, wo} Q4= Zopk, ek Sk
Srepit 5 ThERER) AR A SR FAIC} oFo AR
£ HYOom(Song et al. 2010; Kang et al. 2017), X9
webi S4AF £449) ot 8 HHliert 4 WotrkKang
e al. 2017). Aje] Agolla= 58 7ol 2 2K Ao
A Holgo] A Uehgtom|(Kang et al. 2017), o= Mt
5 2Ee] fRlo] 7TRao = QI EaeA] Bty Aol
e Holqlek ey FAL Holol] Fake mlAls ekt
9] Racodium therryanum EFd-5(soil fungi)= A4 7}
o] e E U S Holol] #4874 @3RS v|A=
A0= SRIFUTHCho e al. 2007). THFY BAEL
grepitollA] el HEAI AN o} 54 AR 2] EakEo]
23 A7) BB L A0 ek, o 24
poeds ofgte] AR FRT 4 2] TAUY B
2} 5 Aol jS $03HS BelgIrHKim et al. 2001).
B 2717} o] e} 2 A9IH mgke PR 2
Arte] g zefste] AsalEel & Fks nlAle AR
UrElstth(Jang et al. 2014). E3JL, hebit SUEe] Aol
ok BAO] ks EARH At B AR E, f71ES
o AR, §HEE PolexBg, Qolee] df 5ol 71

WA Aot HEAA Aol e Aew vepirh

(Lim et al. 2007).

TR 2] tiE YA RS 9% ATE
2001de] W3t 19 AlLfgh thFEe] A7 Lol 4=y
= lck 2001de] =38 Atollx= wtilEe] SJaff 4
3 YTk A AR Al 12 g3 Bt
(Cho et al. 2001). ZFeid=ot 4 F8o] Ao
WAE A 23, Aot WEs A A7), A9
N, Al A, AlZ0] dol, Aol AskE, AFES
ERE T Aol st o5 Bl 23t (Sasa
guelpaertensis)L A1Z5(Quercus mongolica), AFHXA]
U(Prunus maximowiczii) 5-2) y-E5o]| oJet A= 7+
48 AR 215 el AAEI 1 & 20104
b o] % 3 Aolxd= Shebate] R AR =
o] AgEa} A7zl ojgh wo] A o] 2l
Ejglom, oF 201 o4} 59| mgto] oJsf 2j4= Aol T4
3} 7oz BEAEQtKim and Oh. 2016; Kim e al. 2017).
E3L ghepte] YU AR AR Sl ot
(Pyralidae)2] <=y Hk(Dioryctria abietella)z} ool
Lo vlapRi(Cydia kamijoi) 250 2sf o] s
el Zo] &elx|ick(Shin et al. 2018).

3. JHAl=-HE S

THRL] A AT 19997} 2000 T 9kt
20106 thel] tfiize] Q177} SaEglont el Aaprl o
Qito] s 2L o)t o) Tl o] sl Hotol
QA AT WSk olrk TR} e AT F4
d, U, AL 52 Sl MU ASAdE, A
ups B 5 2] B4 0 AE-EAEA el
TS 20 RIS, Qi Qe BT Ui
Y7 = Sy giAk AlElil ekt 5 AMIRIE S4
©& ulh FH(micro scale)oA] F& Y=gl om, oo w}
o} 2 QoA QAR thro] FARKE e
= HESHCH

EfARS: TR Aelof s 20004 2714 B9 AlgEow
Q177 |7 ekl Alefolch, Hpale] A9 AN
& 18.18%= G4k A|2|At, shepit AR F 7HE =4
VeSS Bt ofujel F47 Som nlgle] A} Ale] B
a4 eI} AR 2 A2 22 Ao® 24EtKim
et al. 1999; Kim and Choo. 2000). 3t 584 3421}
WAL oAl e] $4 S-S AR RE A
oo, UL AESHHA AT o A
= FAIE ERIEIHKIm et al. 1999). 18 o]% E+
A Aofol] tiigh 2APF REA] ool ek AR Re)
wish o 9 |28 9k 34 A9} g7t Basi

o R T
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Alejik A9 GiAL bk vlad of 240 F A
Ej7t 7P Fosh F Al 8.32%7F IARS O R LER
2 o] ula) vlwd W Aow UehgrhKim e al.
2000). AJ2Ait A oA A9 W TRkt APYA| oA A7
Y=k A2ik BAST YEE U AU
TR ORE o] RofA Qlglo, Fa12% Temo|sto]
TSR H|aLA wo] Sdske o= SRIEGIT webA
223} pEZof W gk (Acer pseudosieboldianum)t
AAGERE 2 2lEthd PhUREe R §AE 5 oS
oz WASIGIHKim et al. 2000). A4k FHA S FA
THETH AP B =& A%(F 1,400~1,600m)of A Tt
T AR = vepstet, ol 2= 9 Bl et
G| Sz Aoz FHEIKON e al. 2000). A=tk A
Aol A= AdHUE, s, Rles fARE G/
9] 29 X|(Importance value)7} 3% 1,400~1,500mof|A]
7P =okoL, e Fa X Aol uet thEA vehks
Ao g FE|QJtiKim et al. 2012). 3t 2000 4] o]
FEddol Stk S 540] gl gloH, ol 4
< FPEFA Y T 715RIS W 2 sie) who]l
UL F7gSHATHKim et al. 2012). A4k Rlobs, -,
AR AR 24 201500 B8] 2017d0]] AA|H 2.
2 22.4% AastEoy, 23l n|dEU S (Tripterygium
regelii)7} 45k ¢= sfalE 1,600~1,700mol A= 4
URe] z]gibAgeko] a1 AJEo] g0t Kim et al.
2018). A|2JAF AIAA 9] AP AR o= Rl 5
Q=7 = Uepton, AFHE R HAPHOA Y]
o] ot ARE Bl JIARRO] HlEE HAPHO BA}
HETH 22 A0 2 U=t ol EYagdo] wAlHol
A #7] ghee® 24/ EQItHNoh et al. 2018). A4k A]
oof| whet O] S Ao thEA| veh g A2 o
2 o3t JHE Btk

RS 1990t 22702 71w MU A
TR ATTE AEH o R o]FojR|aL Q= A Holrt ghepit
ofA1o] TARE Hle-2 YA H Aeikl Blawd of 71 Wk
THKim and Choo. 2000). 3Rkt X Hofr= SIM LS XY
I} Zgef X9, G A, dE o FolA A 458

or, 58] A A9dS e r WS A7t 3= 3ich
SN LF A U] F A L 7L
RO AP U A529] = TR Fo] vl
A2 Hol AL, AR Bk A4l S T A Y9
H|5l dth4 o ® THKim et al. 2007). bk B A
AFAS) YA, FAFE e A, AR e dd, SA
A HoleFU, Misg Aol 5 i AHo]
FARE AR 9 ARG AR ARS Hol7] wfiel]
el XA R SiE ZoR HthKoh et al.

1996). SHepik 0] SaAiel AgefdolA= the A
olof] Hlgl A e® wEFo] T AR o]FofA
em, TaFok= ofd JiAe] Fw=7t A YL 9l
o Q3EE FARY] S48 F102 FHEIrkSong et
al. 2014). 1996 ghepil AR G] P pR-Ee -
Az +H(Abies koreana - Sasa quelpaertensis
association) 0.5 EAE|9lom, Xj4=0] MPAMIEE vk, 2|4
Sito] AFs] =Fom a7t 4m ofsfe] wEo = o]o|A
Qlkal HuslithKoh et al. 1996). o]x]E gAlz|ee 1A}
L JIARo] wheA| SRSkl Qle Al 2= A|(Song and
Kim. 2018; Song et al. 2019), WEZ2 LA 714
B FAES Bo|u GOtk AVPEALRSL AZRO] F4
S ulA 7] SRIEQL, PR E ARG
B (Taxus cuspidata)®] 057} ) LRt @ AR
Yo WA e Fom g 20w HythSong et al.
2014). AR 24 WAl glolMw AFE3e] w7t
7Py B RS A A0 BAEOm(Song e
al. 2014; Song and Kang. 2016; Song and Kim. 2018),
AQkE AR ZiA7E Eot Zdgt ElEat 22 Y] Rkt
= T 5 sl o Al £t T YA aclew
Il IAE WA Ao R ISt Song and Kang.
2016).

4,

o

ZHAEq T

7SR A= 2010 o] % W I APt qiglom,
o]:= GIS&RS 7]&9] Hidty} ZE L 15 (Species Distribution
Modeling, SDM)®] R #H|7]%] Al 5 ZIHAYE e o] 280l
FHF7) the= Helrk ol2fgh BIHEE A oflEAle]
X 528 AR} PR BEARS vl Tk
344 gFE(Spatial scale)o|A] 2gk4 A1 %|(Niche)E 2415}
a1, SRRl TAIE 7IHEO R mlg AA|AR] WIS 4
S350k wEbA 2 dAtollAl= 37F 5 (Spatial scale), =
= SHIE £ (National scale)?Q} X9 X (Local scale),
2 A7t 5fE(Temporal scale), FAH<L w2, of whef S
B ATE Rt A 5 9 AE AESISIch

A A= oA o] AR AdA A e x4
A I = B (model)ye Folf 24 - FF5IATHKim et al.
2015; Park e al. 2015; Koo et al. 2016; Park et al. 2018;
Yun et al. 2018). U &3zo]| o] 7HE 2 e 2
BE Al AARE, 2] S QEwsT AeE ¥
@712, 2] HA7 ol ZRIELOH(Kim e al. 2015;
Park et al. 2015; Yun et al. 2018), £3] AF7rake
ofe] RFofA &2 7|07}t SR ITHKim et al. 2015;
Park et al. 2015). %3}, w320]| GRS v|A= A|2] s
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ZA| 9 PER|oA AL Zhpo] TS 3ol A YEf
31, 714, 7R, TR o] A Soll 2l Wels Wi
o7 BALQIthPark et al. 2018). ZEE HF0

Lrle

[TSSY

> iy,
X
%
=
f=)
[
(e
B
S
~
O
©
2
ox
o
N
a
5
do
Md
==
o
2

B AL SR oRAL YRR ) i o A

oOv v O
YAk @ Al Sk B Al St 5o
&= AHKim et al. 2015). 53] G4 55 5419 o
B Aolde U Aol A 2ARE ol SRIEHIS
o, Ut U AR F 7R wSsstar ast Aare
A O ZA] G0 i WSt AU 0] AHETL DAt
= AAsHAT

Z=t = SR f2oflA] RCP(Representative Concentration
Pathway) Auf2]2. 7|8t vl S 2ok 2iA] Bl 23hA
AA] B W} o2 2hget wgo] wet Ardnpt Aolst
Al YERHT:. Maxent 2GS 0|83t Aol A= RCP 8.55
285+ 205019] H2L 46.88kir, 207012] HA-L 41.97kn?
2 W] 7haE o =319t Park et al. 2015). E3, FHE
HES Sl T Bt Welola K 715 Hslef uf
2 HAlo] fasielon, 53] AlFteollA= FAAAAIZE AR
ZHA|aL kol A fE3Eo] SEHA| EolE Ut Yun et al.
2018). ¥h'H Generalized Linear Models(GLM), Generalized
Additive Models(GAM), Multivariate Adaptive Regression
Splines(MARS), Generalized Boosted Model(GBM), Random
Forest(RF) 5 & 57HA| %S U e 23S 283t
787, RCP 7|53} AJue] oo uhg -ejue} o
A AGAAA 8 B2AE S7ks Aoz ASH
(Koo et al. 2016). 53] nfgl FAEEA]9] = 7]1E9]
W S4E S o] A Yun e al. 2018)9k=
= Zol8ltk of= RCP AUE|e. Aol vF st 5
7P 71 AtelM MU AE gz AEEIE Az
2 QR EA EatdE o= Ak B ee=
A5t Koo et al. 2016). SPARE W0 Ao ol
st o5 flaiale ol thgt 2 - gEiA S/d0]
T Elofof sk, 7|$Hste] w2 efEEy wekEe] <,
S7RE At A5l tE &2 B4 {5 Rt
AEiA] 821E0] e} of5 Q7L HEE ] AAA] T
of I7E T4 MAXEFY A Fado] A7|E Ut
(Park et al. 2015; Koo et al. 2016).

A gFE(Local scale)ofA] gHepil, A|2jil, &elike i
oz slof AR AAA] g EA W U o] ARt
A7t = ek WA] SRR U S SHoR
S 1,500m*FE 1,700m71A] a2 Fio] 2 on AJrjae
2 PR EeAPHu JAMH R Ao 4F Skl
Ao} SRk 2ol Tt AP et e B

B

%cHSong et al. 2010). 31, $94T U FIARE AAE
Aoz AT A et A9 Y B HAS
A&3hA daet Ao Z YERGTHKim and Lee. 2013; Kim
et a. 2017). etk A9 SaLE 1,100m o}io] A, gk
e, WoleF A0 I B WAS oY G S
ol gRelgt Axt 1988do] Bl 2002de]l 34%7} F4agt
Ao RlEjglon, ol 2 1,200~1,900m 4HA] 2]
71dsol e B fUlE W EY R Aot 22
B Waje} ofF Q) Soll 7191et Aoz FAskict
(Kim and Lee. 2013). 20061E] 2015d712] 107} glet
Ab IR B WA 152% Aasiglen], s Us
7} FUE oAl S 1,510~1,600m2] FARHC]A w2
a7t 7P FEZAKKIm et al. 2017). o] 2joje Zefjo]
EoF 8 Tfel] ofgth Aoleks 7180 W AtAne} v
Bl A2 7R AR a9 Aake BuEIci(Ahn et
al. 2019; Ahn and Yun. 2020). o]&{gt AFRkE AT}
P W e A x5 AR 2E Aolrh 24
Uehdes Zte e of, 7l A aqlof et Aot
7R =32] /o] A7]= K Song et al. 2010).

AR FFAR 22T 19811 37E] 2007 37H4] 279
7} 262hacllA] 216ha® Haz HAo] 18% ZAdt A0 HA]
Eglom], Ut 1,200m ofde] A Abde] A Z A
Aot Aoz tiArt B Aoz FAHEIT
(Kim and Lee. 2013). Zefut [2ik AAEA 2]9of £azs)
I Sk PR B Y ALAR] A 7
o] A7|=AHCho et al. 2015). tlzo] Al2Pik &2tk -4
LHTR1O) YRIghS EATRE A sl il FBApdolw
55| ARFEATTE g2 S A o= Wl et
17o] 22 707 BAEQtKim and Oh. 2016).
Srepib WeAke] SRR AARIE t ez 715 sl
w2 nfe AFhxAA] st B Fa Ha} A7) Zt eeE gl
ok gehtel B9 718, Jt, A, oF 9 shae] A 55
7|z Agsto] AR 7| FARA MRS st 7]
F2dslol| wkE mjE 7IFAFAAA MBS FlISsigint
(Koo et al. 2017). 7|52 AA] 2483 shdof| 717k
AAR| S BAES] AAA] Fo] AAAAR Sl on],
71523l W Waks BAISH At A9 vt oS
EJ3IckKoo et al. 2017). HePd FYA| HAks SHo=
7153t whE U ARhAIAIRIE] 2] gl 2 Eof| e}
o] AR A3, 715rasle] wet 20500l e THE F
HO2 20hal] WAo] sl o R o EE]lom, 208010]
© AR ARFE Aoz S EGITHCho et al. 2015).
T 7 A7t Al 7)5ste] wheh U AR
o] A= ol F el wet AAR|e| Havt E7tRke B
o5

il

d

™~
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At 407E e M I A9 AU, A9,
wopdE HES A} AR 2011~20201 7|7F 5%k A
Hopoll AA 7P B2 dteito] | =
ghepihrt Agjitella 7 B A7h R QLA HopEE
= AP ATl M g dgeRe] HRE
(Figure 1&2). 2011~2020 7|7tofl= BLE HofojA] A=
2o 7t 543 STkl e, 53] Ay Al g H
¢ tiFREo] 20154 of 9o e o= Uit o=
efoll 715 Rste} 715 sl BEL71EQ] Aol TRt
o] 581l GIS, RS, AH=ds 5 ¥ 7js 9 A+t
Hro) digho]| w2 Zl o= wetEch ofE Folol vlsl ZI2Hy
BjTs 7 AS 420 7o SRESlAL AR A
o et A2 11 FE oliek A EeE B
AR A7 RS Aol Hlsl tha ATheito] EWRkon
ARl GAo) Fout Ak e, Ara=Ale] ek, A
A|o] }9] T2 LS o, o] Al of B Ao olut
A a2jal AFAGEREME AZAE 5)olA ug- ARk ol
71241 g<Fole} Hekdrt. i os d=ie] 47t @
= AP AT e AsAEel k] A9l A4S 9
o 2 7] FAef A0] AR Aol FE o] JlotA] A=A,
HYEA agtol] w3t 218 2Hge] Rt AHelAAREE
AYAE 52} ofzfet Aol theh A|9A Zpolof gt tekrt
-] =fo] Fasich

TR B ISP AE S el Ao = o
ol HESE Aaf, U R AHES MUY A
, AT 7F 3 oS Ak i ks gkt
e} sivk ko pRsiglon] i AHY S48
71 the At Ue i) 97 tebio) R Row
UERATHLee et al. 2006; Hong et al. 2011; Hong et al.
2016; Ahn et al. 2017). XY FE9] o= giiE 2ol
A teldo] Al odeh TF f4 E3lrt A9 o|FofA]
A e Alor Busielty. ey 2T 3 dAolA=
A2 AEYA 5 7SSt mhE MU o eke] uhHS}
of opet 7F faEske) 7hsAde] Harke] ek gl
O Z|&Ao]aL A7]2Ql ZRIE F 2%k HojFQUtHLim et
al. 2018; Hwang et al. 2019). o]of t&o], 7|ZHs}t & EX
2 IR} REgsto] WaEl s AR o 55 B9
ApERle] Bsle] gk 48 wAUES Yl olo] o
o 3 gjaig ANeke 7-50] Walsolo} g Aol E
ek U] gdRste] tigk A wIAUSS olsstz] ¢
Sl Hul e} 20 olpale) felubel 7\ars) Sol
suisioll e S8 34 ojsel Zlo] Wash Aol
AR A4 Wailol] ke dolek Eulu Fgol

=
Kl
i
ot
o
.=
)
18
g
HU
;

=

Wsl7] o} TSt ThEe) Ak ofale] ejdos
Zelel 7 SR} el F4E Mo el oot
(Hong et al. 2011). “1elut ofefgt Gie] 2o uj§. 51
AR Qro = o] Folof| I3t A+t AdskE]ojof & Aotk

AP AEe] W FRo] MU S, S EF 11
ALS] %kE: THEs] flsto] aE|QdT U SRS T
of, H=0o] &k 52 it 24t O] AT Sl Al
2 HUERIHKim et al. 2001; Song et al. 2010; Kang
et al. 2017; Park et al. 2018). A A8 51 LA
4 Rol 888l oFO| AHRHAIE Ho, 58 YARF ST
71 B 4 H 5ol Ot EAl Bl
U S 415S Zeske 20= 5rkPark and Seo,
1999; Oh et al. 2000; Oh et al. 2001; Lim et al. 2006;
Seo €t al. 2019a). o] £Jol|l= W YE, ZF D e} 2=
=14 9gf, ERERs) 5 thRt a1t o 59 AR ARE
o] A48 W ALYl glo R FAE|Q o By FHSt
A7 @FEHKim et al. 2019; Seo et al. 2019a; Seo
et al. 2019b). AR B3Il 1A4e] p1oke TSt
olof] T3 vl A5 fleirl= HAREE AR e
HPSE SPdWHst ks 9 mje oS Apmet o] wke U
O] -5 ARE FHH R dsfof gt} ofF flstol,
Rt AUfe] Adlo] Zlsgejejof b 7+ Y Ailes T
o ol AR 7IHY i 9 Ago] Fasih s
£, Ao} vjefe] Biskel 23S 2AJsk = Al Q 3
ofjAl HE T RES(CIAAREE Al S E,
JARE SV S =R VST A WS oSS
il o5 7[Rke=® mlef S SR EQ) JAL G5 oS53
of & Zlojt}. el 7|55 WA Am7E FESHL oFe| o]
ot SRS Wgske AEY ofes whitol vl ARt
H AkERto] R Ad=olth ol2fdt k= AR o= 25y
T ]S Bl aiafel] Rt QI et 7St 5
RS oS 52 1 S ATt W2 2
TR Qiet whebA] RS o A gl ekt A9l gt
&= flelid= 1) AU- 9 A Ad AwE FHskL
ZHA A8k, 2) olefdt ARE AT 4 Sl ohRt
v o) £78 s gHgelol BelHoln el o
o] olgolAoF Aol

A A 2 sl Ak Tkt xjele] 74t

5 AaE SHew ofgojzien] Aeta B4o| vz
o RIS A Sglol 71 Azt AoR o
o1E]QJtHKim et al. 1999; Kim and Choo. 2000; Kim et
al. 2000). Wl AjAke] A% AL AYH O HAbaT
g Aejit ok Ao, nede o= vesit
(Kim and Choo. 2000; Kim et al. 2000; Oh et al. 2000;
Kim et al. 2012). M) Vel QAR St 2de)

o
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W 5 Aojo] o} che ASAIE Bt 94l Aele] 4
o bRglo] Eial e Fow dilsks Fael i 2
el eIk, gl Aok siAze) s} 4
dfHom gbEsiol Be7) 2 olold A%, THERF PR
Zo| §XE Aoz EAEriSong et al. 2010; Song et
al. 2014; Song and Kang. 2016). 94 292 slepil W
o] 457} 7R Seeln FAHOR Uehta ol
Ao, R HE RS sl HARE 4=Hs}
7] fJgto] o] Ao thgt 7| EE, AR EE w4, 7N
A T-EEiet e vldE S QIAkele] AaaA 4] A%
allA] o]FoiAok & Aolrt. w3l AR ST A os
St AR FHA o ArjE opete] e wjf 7%
A3} Fofl o3k =7} XIegd 4= qlomg, WAt 99
FEjot o] sEjO] T QIAL] AHIAE FrgstaL olof w
2} 71983} 5 e wstel ke TRl E e HiEkE Tjetst
ofok gk Aofck. 2eut 2T7HA] 2l e ZAIAYE
e AEHR Y 55 S8t AN sH A 2 sk 2
QIRFeLO] A FA] Fo] o] FofA|X] gL §lo] A7]A o
B I T SRS olsfish=t mie- AlRhAel ARt
= ARB3it). o]e}t thEo], AUAA A2jik ghebilol] HEE
A R om oE Aol AAsl= T ZRAIE g E ol
TR GE7F A Y] ANet Adejolck. o= s FMdRE ZAIE
FE2] A Afolof| Tt o7t HEohn g=40® U
TP WA Aol g FE ket Eomlef AT -
o Agolrk. IHER 7|53} 5 e Hslel wE A<
L e A A B e I et A = A )
of, Il HE T AAR] ] Histe] WA STE 4
Aol ol vigko 7} 2ol Fejel ) Tk ofet
WA+=5Ef(Meta population dynamics)E EA5}o{ok & A
ol

AT ATE GIS, RS, FRERFE IHga1o] B3R
Hlo] AEE dEeR AR AR AL
ol 7|33t Alue] oo wet Rk HekE ClSsigic i
O] A HHTY] AFARAE dagion gfow TS
Hslo] we, 58] 2dslol waf, AAR] et 7kl A
o2 HIsIYEriKim et al. 2015; Park et al. 2015; Koo
et al. 2017; Yun et al. 2018). &L} oJ& 7 ulgfo]
HapAIe] Bl R ANEET, ol e 27}
o me Flo HIThKoo d al. 2016). o] ATEE FEA
o= AR HFAAAS s 2ol 7 Fadt
Qo selalgen, axst 1o e, et 5
e ool ARRIAS Hole 0% WU wiE 7
B N EEL
AFATE 2o WEEUTHAhn et al. 2019; Ahn and
Yun. 2020). 0] SOl I 2jEle] Relo 7|l

r Ho

w2 QefEat wekgo) e, S71E At deagol w
&2 RE 4 5 EYSH W3l 7150l ok A
Hhgat 7R thofst AejA] 2219 B3FAQ1 Adsalgo] Al
02 A7|=chKim and Lee. 2013; Cho et al. 2015; Koo
et al. 2016). 12} AF7HA] o]zt thekeh Qlo] S
A AR 24 9 S stof whE AAIAR] W3t ot
HEFEA] okl glom, ofzio] Ak A4-Eau=o] il
Ao ghE). bl S-S x| $aliMe A=
7 Az ARGl TRt A A7t 2 AR A sgEofof
stm, 21 A7} 4422 (Niche model)o]] 3} ojof 3t
t}. o}F P8t QRS 7t AATARE-S Akt ekt AYE
o] A-gE|ofof sh, A-8H PSS AT A
e o) sk 9l 2hgo] FQsit.

A 40d7te] AN FHsto] & uf, XISHEE, A
e, A AgE, Aol e HR Aol e
URFO] 28] 9 AAJR] 7h40] 2 QQle 7SRt whE
2 B8 T S AT Aol W A B
ol ozt 7 AEYIAQI Ao FAHEICE T2t o]Q|e
HE, o Ay, BEYehd Wl 5 tE QR AV|EAL
QoA GO 2|E|Q} diAlef] TRl §%1e- oF4] ErEsHA
TEEA] FStaL Qlek ol flolA AARE ZF At Fofell
Ul A5 7t Hojo] dipe] AEHon SupE B
FaoR Sl Lol o] wel Aol Teju 7
A 18] €918 Tl AR 7t 21 Hofe] 4ls)-
w240l A i} 7} Hoje) 978 Balele] E
oz Bafsli QI 4o Waslch FaA 7S 9P
A SPYE), A dE], TR EE, AR AT s T
T 4= = okl A AH(Ecosystem Ecology)2} Al
SRR A1(Systems Ecology) 5= ¢ Zofe] 2Hgo]
Z s} 53] AL AT HAE TRollA] e A
A QA=) BRIRE A7 A2 S Este] sl
W Agsl| wizel tekRt A= SReke] 94
o7 HEXASl= Ao {-835fcHJorgensen and Fath, 2011;
Woo et al. 2017).
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