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ABSTRACT

Climate change influences various aspects of life on earth including distribution shifts, phenology, and interaction with other
organisms. Endangered species respond more sensitively to changes within their limited distribution range. In this study, we
analyzed and modeled the current distribution habitat of Aconitum coreanum, which is classified as an endangered species
level 2, and further projected potential distribution changes and habitat fragmentation under climate change scenarios (Shared
Socio-economic Pathway, SSP). For species distribution modeling (SDM), current habitat coordinates were collected from the
national ecosystem survey and the national survey on the distribution of endangered species, and environmental data were
obtained from Worldclim. An ensemble model was used as a SDM for potential habitat analysis, and landscape metrics were
used for fragmentation analysis. The potential habitat area was about 15,216 km* and the distribution included the Yeongseo
region of Gangwon-do and some areas of Chungcheongbuk-do in the current climate. Modeling revealed potential habitat
decreases of at least 80% and complete disappearance in SSP3-7.0. The number of patches, mean patch area, total core area,
and patch cohesion index showed a decreasing trend compared to the current climate. Our results provide fundamental
information for understanding the potential effects of climate change on the distribution of Aconitum coreanum. Adding
ecological processes such as dispersal and population dynamics to such an analysis will make it possible to accurately predict

the future impacts of climate change on the distribution of endangered species.
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Ndst 2AE AT A o=A ATA 189
IPCC (Intergovernmental Panel on Climate Change)of| A=
19884 13 Z3HE /MR IAE AJZHOE 20219 63 K
g uzksiglon 2 63 BIAOIAE 2147]0] WA
g 71 RIS} Qzke] SRuE Y5O ojs) wAE Ao
2 FHBGHAPCC, 2021). o]t 1T A7 A%
o[oXIthd 21A4]7] Holl= Alute] o] wet 2&7F 1.0~
5.7°C7HA] A5otal Aod 5 2 5430 R 4
sk o= ASHHIPCC, 2021).

71583k} A Qlztel o3t &F SVt AETHY
Aol FFE vk 53] 21417] o]Fo] A& o=w
S7FekL Sl BEFS BES Aash] fl6l H2o

A BES ESEEE Ao QEE E= AFA EF
olg} X A5}7] = Stth(Ceballos et al., 2010). o] 3t EX
ZAE 321 YEZ HAL 984 IUCN (International
Union for Conservation of Nature)o| A= AlEtA 7= A
=350 Wt e} HAS 9% ARE M EZ(IUCN
Redlist) 0.2 HTHSolA] A&}l QUth(Rodrigues et al.,
2006). AANA redlistol] E0]9lE £9] %t 2022 7]
9= CR (Critically Endangered), EN (Endangered), VU
(Vulnerable)o]] 40,0845C 2 201939] 28,2005 X} 42%
Z71FFITHIUCN 2019; TUCN 2021). ZUjollAE =y
HAAE 71 ABEO] Bt Hool BAL Jislol B
RO E 198997 E SHoMEEA=E 20355 A5t
9oul 2012dnE WEY] BT BHE At
Peleka ok 20239 BHAY) oI 37 1 T
0.2 280%0] AGHlo] 19899] Hla] 39% S7HeE 24
£ HQITHNIE, 2022).

DE97] oI ECIA A= 28 (15 135, 28
79%)°] Ao WMEA= wyZopA g 20 £0] o]
AOolER 200595 E BFH7] oM E 292 E AAEH
of Hohal QUEH(NIE, 2022). WiFA}= B FGAE=
FEES HFHE QAste] op/fAITe] EoEA HAUAXL
Z1o wEt BEL17] oIYER A E U 2H TUCN A4
SEole FHWILO), =7HAEFAA = HHVU)E
TB7PEAL ATHNIBR, 2018a). 3t=3 = 5 &OFAof
A FEAER ALRE7] o] daeire] trro] =
220) gt SFEazt P S40] B3k o] hHwang et
al., 2020; Xu et al., 2020). Q= oo 4] wWiEz}o] shE
7S 5 Aol et AEo] AFHAAR EF7]
OMIAERA 7|FHIIL WREA o nA = F¥Fe B
< SolA ERIe A= FAZA B EA] ATHHan
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et al, 2013).

ZE 3732 Hutchinson (1957)9] AYEj& Z| 9] 0|20
7|9eE o g AHES] &3-S vt 4 g2lEo] o5
A HE = 7Hgsto A Al2FSHHGuisan and Zimmermann,
2000). thFet 34 QRIS BYS HEshe AALT
Aol oo weh Atzte] o] o] ZAAEh
(Austin and Van Niel, 2011). 87389137} &9 A& &
AR BAZ 2ok RHE AHBR (Coelative model)
olgtl st 714k FoliAl Foll At e BrelY
= 2L 7|ZH §(Mechanistic model)o]2} SHH Latimer
et al., 2006; Kearney and Porter, 2009). A E -2 Z-2
tlo|HE &-&stojA BP9 o] 7Hsstr] wiZe] 7]
S5t} AHE HA-(Kearney et al., 2010), R XY A
A1t {HAE AH(Pawar et al., 2007; Fuller et al., 2008;
Kremen et al., 2008), BZ97] 9] J2& WA+ F
£ HFE(Guisan et al. 2006; de Siqueira et al., 2009)]
H A7 gedrt. BEY/1ET o] A A7 L A
o) Bt AYAFT BA R A9 HURFS B
st} Haket AAMAAE 2S % AkFreeman et al.
2019; Zhao et al. 2020).

HAH AL HEE] ANT & At TRt B
So] 224, 750z AR 9 b

(Schumaker, 1996; Fall et al., 2007). £3] 2|4 d4L
A& GAF 5ol Wt At AAAR 0] 5Z 7HssH

& = UTH(Diniz et al., 2020). o]H 3t A2 ] 1240l
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of TYL kLR chaket 9% aclo] oa) AEFol
BEo JPL W A ZrRTHUwy e al.
2019). J1%7] ool B9 A28 Brlote A2 A
2ol gt AAA AHE g1 5 Je= 2 AR G
SHh(Liu et al,, 2014). A AFEA = THI} £4]
I FEEEY, A BPS T 2REFoE /LS
of MAA9] Aelel tieret slmpclonRE AAA W
g HUlole=d &85 1 QIth(Bishop-Taylor et al.,
2018; Carvajal et al., 2018; McCluskey et al., 2022).
2 ATE BE] oMAE 2328 AHEOA
0 g WMEAE PO AT 4RE o 8T FE
2Ye Fgolol AAA RES dZela 7)o I
| HAAete) ARES FASc Ee 7] Tl o)
o2 AAA 3} FS AlEEClA skl v 7]
F= IPCC 6xF HIAA AAE FEARIFAE=
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o5}, o2 uigtow wiRAto] nld AAHT} BEo
2 o5 AUAA, HAA WA Zols AUA, Fus}
R Asd AR Tt Ao Fe BHA 319

W B2 Aconitum coreanum)= H|Ut| oA H] 1} o 23]
|EE FUolA AYE, 3HEE, F7: 4z &4
B2 AR FAOIA YEtUT ANAZCR S5 F5
3 A%, B0k 35 A3 B Adse Aoz
AHA Qch(Nyirimigabo et al., 2015; Kim et al., 2016).
M7= 79ol FHi7t B Al7]= 8= LA 3
THNIE, 2022). Fol® a7} Wdsln ol X Im &
g7bA] o] 211 Z2 YAT-ZE 7HXITHNIBR, 2018a). Ful
S (follicle)2] FEE ol dol= 1~2cm ko]
A BEFeE &2 I7IE 7HXITHNIBR, 2018a).
A WE, PR, LSRR o]HS AL A
oMz 54 PLROISE AT o] HES,
2, QAL 59 AR = FolA EEEL
t(Joe, 2019). T1¥ 7] wjZof ¥iEX}o] T3t HPAL

E 2280| 529 4% vk 4§ BIY AT
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I &

™o & R orle
g 12
rlo

s

S g % Past adt 59 geld abol B A7
7} F& olgolgom U¥ SEUAEES detstud
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gt A= AEA #WEE A4 dREES ARSI
(Yoon et al., 2005; Han et al., 2013; Kang et al., 2015).

A A FQl HEl=2 SAAA P X FH
EA4E Hol AZHo R FAL 2t 7|Edo] 9
215t Q1o H3 7h2oll= olsA A7 =E Hwal A
Z5lH oFoe 1 tUET 7|FE HRATHKMA,
2012; NGII, 2019). £3F Agoll= &G 127|%0l 9
o Fi Axg GHE Holh olg EXY & o
P72 7-15°CO] o]|21 A QH Z}po|7} EAgrt.
E3 A FEFS 13063 mmo] o|EAT EH P4
ol A A9 50% FHE AR ot= 59 AEA A
0] UERATHKMA, 2022). 20109t ¥ EX|mES
71202 AuEY d FEO] 68.7%7F Aol FHA|
= 19.7%, A7 R A GL 5.6%5 o] FIL THNGII,
2020). AL} AZHEH AR A QL FIA A9 AP H
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o= ffFEo] Al FiE Ao X7t 1980
o wEE AR A7bEARR o] ALL H|E
d FHoE gAstglon olg s sUA,
HAY 5 BHAE olF+= B2 EXTEEC] At
FTHNGIL, 2020).

22 2EXz ¥ #FHSS

FRERYS A2 /|8 Aol i & BYoR
Foll BYT ANAL 54 B EPOR olRojrn
714K Hutchinson, 1957; Guisan and Zimmermann, 2000).
Fo| 97 B4 e TAE BAA 7S FA =
3= B AR & (Correlative model)o|2} 31 3]HH)
A1S ARESE Uutst A% 2 (Generalized Linear Model,
GLM) (Guisan et al., 1999), B|A8% HAE TS Lhtst
7P X% (Generalized Additive Model, GAM) (Ikegami and
Jenkins, 2018), SA/19E B4 B HolelMES A5
I olF ZEsle] BP9 ALLE Eole VATSEET
(Machine learning model) (Evans et al., 2011; Merow et al.,
2013) o] EgEH ol5 Y] ANE ool EHES
Faslohes e HFE AR FEEEFY s
flsliA At gl WEAe] B HlolE7F a5k olF
sl HEA71oPI8E AEEZRAN2014 ~2019)2} A2 ~4
2} ALAATEEZAH1997 ~ 2018)0]| 4] EolE] wixiz}o] 135
N BEXERE-E +FIATHNIBR, 2021, 2018b, 2015, 2012;
NIE, 2020; NIER, 2013, 2006). 3+ AR L L3g | 2l
ojA BAF A H4ss] il ERSe
AAoA FEE o] Y= A3 AASHe] & 82719
AAHE AMESto] RS FHsIleH HEAAEE
500715 A9 F&5to] ARESIAIH:

230 Heg 2y AE7|SHS(Bioclimatic variables,
Bioclim) 32€] 443} o] AL vlAL 54 A
Aol et 71234 758 8§50l THE0l A Donnell
and Ignizio, 2012). & 19719 W7l Qlow ZF Hes
FolA ATl wet 54 M-S AEstAY g
TAZE AL W5(0.75 o|shE A=sfjof st & Ao
A A7 2L bio0l, bio02, bio03, biol2, biol3,
biol4E A5} THTable 1). HELES Worldelimof A]
A&3H= 30 arc-Seconds(ca 1km®) ALY FAERS
AR5 TH(Fick and Hijmans, 2017). ¥i5.2}9] gl 715
3} &5 flsiA IPCC 62 FAHILA A At A
2 ASH|w IZAE (Coupled Model Intercomparison
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Project Phase 6, CMIP6) 7|&0] W= 67 Lul <3 =3
(General Circulation Model, GCM)ET} ZTEAISAA A
Z(Shared Socioeconomic Pathway, SSP) AU & &
25} THTable 2) (Riahi et al., 2017). O] 2L 2050
At(2041d ~ 2060 HF)2F 2100 TH (2081 ~ 2100
B 7FoE 42E gl W] HANLA ©
X wWake 2ot

Table 1. Bioclimatic variables used for developing
Species Distribution Model (SDM) of
Aconitum coreanum

Name Definition
bio01 Annual mean temperature
bio02 Mean diurnal range ‘

(Mean of monthly (max temp - min temp))
bio03 Isothermality (bio02/bio07*) (x100)
biol2 Annual precipitation
biol3 Precipitation of wettest month
biol4 Precipitation of driest month

*bio07: Temperature annual range (Max temperature of warmest

month — Min temperature of coldest month)

Table 2. The list of General circulation models
(GCMs) for developing species distribution
model (SDM) of Aconitum coreanum

Name Abb. Institute

Commonwealth Scientific and
ACCESS-CM2 AC . o
Industrial Research Organization

Centre National de Recherches
CNRM-CM6-1 CN .
Meteorologiques

INM-CM4-8 IN Institute for Numerical Mathematics

Japan Agency for Marine-Earth
MIROC-ES2L MI .
Science and Technology

Max-Planck-Institut fuer
MPI-ESM1-2-HR | MP .
Meteorologie

UKESM1-0-LL UK

Met Office Hadley Centre
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L= AHHS Batsh & 4 Qv B AFolA = 9719
M FEEREHO &112Z((Generalized Linear Models
(GLM), Generalized Boosted Models (GBM), Generalized
Additive Models (GAM), Classification Tree Analysis
(CTA), Artificial Neural Networks (ANN), Surface Range
Envelope (SRE), Flexible Discriminant Analysis (FDA),
Adaptive Regression Splines (MARS),
Random Forest (RF)) AR5t 7id Ry FdstY
7 A3E &-8sto] SIE 2P NISHAth(Thuiller et
al., 2000). 20| HEL 93t o] R3S 7302 of
of myo] A AF] FEHAT el FFEL
AUC (Area under the ROC curve)?} TSS (True Skill
Statistic)S S94 BH7}5FtH(Allouche et al., 2006;
Jimenez-Valverde, 2012). AUC®} TSS= 004 171X 9]
HEIE 7HAH AUCE 0.8 o2 g7}t &5 ool
H TSSE 0.6~0.72 =207 HI7Ph=rck(Park et al,
2016; Chung et al., 2020). FAERLFT 2 L9 HI L&
WEIY+= TSS (True Skill Statistic)7} 0.7 o]4Q1 7/HEE
F5o] TSSe] Wt HEAE FolA FASHAT mael
UAHE TSS7h Hrhgkol HE WO AFSHEoN
NEEFY FFELY 72 R H7]A]Q0 biomod2E &
L5} (Thuiller et al., 2009).

TS B2 7|5 A A A e oA ot
Halol| mA] = FEFS AT 5= QU 2 AFoA= &
Aot vl FAMAAE E-&sto] FAAA A o5
TESHE AHET. AL vl FA A A olFE
AW ET] A FAAAA SHHEY Al E S
St 3 IS ERlsty] s AR )

A o] =, Wiz o] Pk, YA FHH, SHA

Multivariate

*
it

=

AR5 McGarigal, 1995). 5129] 2, sj9] W7
M3} A Ae] FUAL FAAAA] st A 5
Qg 4 glom SUASE AAHAAHETY o
HolR X5uH £e4% AYAAAS] o

ee HolZTh WA olSH B}
R™|7] X2l SDMToolsE &-&35}% th(Jeremy et
al., 2014).
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Fig. 1. Boxplot of accuracy of the different algorithms (area under the curve, AUC) (a) and (true skill statistics
TSS) (b). (GLM: generalized linear models, GBM: generalized boosted models, GAM: generalized
additive models, CTA: classification tree analysis, ANN: artificial neural networks, SRE: surface range

envelope, FDA: flexible discriminant analysis, MARS: multivariate adaptive regression splines, RF:

random forest)

7N GlolEAIEE AREst] & 180719 /iE FEERY
< FASHAT) o|gA FEH FEERF2 207 HlolE
A Eo|A AF HlolEE AH&sto] AUCSE TSSE 4H&ESt
oA BP9 FEEF Frlstrt. olF BoiA 97 A
LS i AUCSF WAL, Bt TSSQF #EHA
AtEsto] AUCEF TSS9 BoxplotS AYA5)3th(Fig.
. AUCE 7|Z&0o2 AHKE Y RFS GBMo| AtEo=z

TAE B3 on CTA, SRE°| W2 HSwrt vt
. TSSE= AUCHT W& A3t & Ho|x|gt 7z} g3
B L] A= oA ERAEAT A gz

=
rlo
_|
N

oN O

e

Foll wet Hl=d BEHAE HolX|FF AUCO|A] CTA
o] BS AdA g & diEEe| Hlsf 2 rEHA
£ Hth

FPFE HF2 1807 /N FEEEFESONA TSS7t
0.7 o[R! BEPSS TSSO wet 7FSA| & FoiA FaAs)
Ak 1807 ¥ FEEZRYPOIA TSS7F 0.7 o]4Fel 103
N HPE0] EEFS FAot=tl &&= A (Table
3). GAHE g9 Aslr = TSS7} 0.891, AUCZ} 0.984
2 /NE SEEEFE BHoh 24 UEdth AE 23
S FEst=Y AFRE 1037 RPEQ WS FREE A
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Table 3. Accuracy for ensemble model of Aconitum coreanum and the number of SDMs for ensemble model
(TSS: True Skill Statistics, AUC: Area Under the Curve)

TSS AUC Sensitivity Specificity Number of SDMs for ensemble model
0.891 0.984 92.296 92.6 103

0 1

2
g
o ° g
8o 7 —_ 8 R T °
— ! ° 1 i
o : . . g
2, s 5 "
E31 | :
[ | —o
2 : i
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Fig. 2. Relative importance

JolH A AT}, ABE7) 0] B FRES HY
QA st A719) Aol AHoR G Fa
= UehdthFig. 2).

o

n &

3.2. 7|0 M2 ML He} S

QA 7150 A RO FARPA A E A& A, 7
ANAAA HAHL oF 15216 km’Z == THTable 4).
715 wsto] wheh WRAS] YA A A WIS oS5}
A8l cMmIpeo] sfigdst= 671 GCME] w2 7] A& A}
25 AHgcto] WREZO] ml FAA LA HIE £A4S
At 71583} Alvhe] 9= SSP-2.6, SSP2-4.5, SSP3-7.0
= g83}a] 2050WtH (2041 ~ 2060 HF)Q}F 2100 )
(2081 ~21009)E =45ttt 67 GCME] m=f A
Alx HA AIE GotstolA mlF WS A4kt A
SSP1-2.6 AU o)A= EA] IAAAA HA v H
T+ 77.5% ZASHH SSP2-4.500 4% 85.5%, SSP3-7.09]
A= 90.5%7F &0 5T (Table 4). vl oIS Al7]o] wh
2t HIE St d@Aet HwsjA 2050 ol 79.7%,
2100 ol = 89.3%7F AFtAl= ACE Uyt

A 71T A BUE JAAQY FHEE 4F A
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of variables used in species distribution models (SDMs) of Aconitum coreanum

Aol A FAAAH7 F2 YeEtgor ZFd: AL,
B, 9L dAolA FAA LA Hdert F
Hol A =5( > 0.584) 282 &QlE lth(Fig. 3). @A
7150 A FAAAAN BEEX e AHEE FLro
A BARETE Ades HEREY AR 52 9
o7 AMAAHZL ASHAY. 7|FHI} AL
of mat FAAAA BE WHelE &3 Ay, FY=
FAAGIL SHEE A7 Ao WA Exsta Jd
TAMAA S A7t AR FAAAA A=
E3F Yolx: 7(0.435-0.584)0.2 E A% 9l th(Fig.
3). SSP1-2.6 AlYE A= @A 7]FofA DMZF
B SHAEE7A] A= Jd FAAAAT £
Aoy FHEL oo Ad FAHA LA ET Aret
A th(Fig. 4-(a)). 3 2050 0] ZLE ARG &
25t3 Y FAA A7 21008 o= A A A A
o] FHETL A= ACR A EE QTh(Fig. 4-(b)).
SSP2-4.59} SSP3-7.0 AUt Qo A= 2050 A
A AR ] X FEj7F SSP1-2.6 AlUE] 2.9 FAFSHA
UEREARE 2100W o] o]2W FR|A A A9 HE
Al o] AFFA T (Fig. 4-(c), (d), (e), ().
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Table 4. Current potential habitat area, mean area of future potential habitat and ratio of future potential
habitat to current habitat of Aconitum coreanum

SSP scenario Current SSP1-2.6 SSP2-4.5 SSP3-7.0
Years 1970 ~ 2000 2050s 2100s 2050s 2100s 2050s 2100s
Mean area (km?) 15,216 3,328 3,535 3,402 1,051 2,547 325
Future/Current (%) 100 22 23 22 7 17 2

37°N

Suitability

< 0.44
0.44 - 0.58
0.58 - 0.77

> 0.77

Fig. 3. Potential habitat map of Aconitum coreanum using ensemble model under current climate

3.3. 7120 M2 HMMAX 0|5 X IHHS ¢F

71987t M EAL] A A A1 A o5t mpHStof| m] ]
= FEFE A EY] s FAAAA SAHL ohEst &
S S5 FHAY o5 IAAAA 4 FHE
o} Wit 1E=E BoA ERlstuct @A 71 A4
A FSAFIANA SSP1-2.6A1U4E] 9] o] 5AE+= 2050
o] 49.2 km, 2100¢19] 8.1 km& e O™ SSP2-4.5AL}
2] 2o A= 2050E0) 49.4 km, 2100E0] 42.4 kmE A4k
=9t} SSP3-7.0 AU 2 2050W0] 53 km, 210040]

57.7km ©o]5oh= ALR dEE It SSPAUE| Q0] o
£ B olsAYE AHE Ay} SSP1-2.6, SSP2-4.5,
SSP3-7.0 £0.2 Z7}5l= A0 & UERGTH dA] 7150
A ZAAAA ] B AEE 436 mZ SSP1-2.6 AL 2
9] 2050¥o]= 810m, 210041°]% 841 mZ Aol
SSP2-4.5 AU Qo)A= 20500 839m, 21000]
1014 m& Z7}5t9t}. SSP3-7.0 AU QoA Hit 1%
£ 205010f| 882 m, 2100] 1051 mZ E4]=| %]t} SSP
Ay Qo] wet Bd 1% A5S SSPI1-2.6, SSP2-4.5,
SSP3-7.09] <=4 & UErgT.
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(a)SSP1-2.6 (b)SSP1-2.6
(2050s) o K (2100s) A%
% & & &
D €
(c)ssP2-45 (d) SSP2-4.5
(2050s) i (2100s)
¥
¥ &
£
(e) SsP3-7.0 (f) SSP3-7.0
(2050s) ;f; (2100s)
Suitability
N [ | 0.4;5:0.584
A 0 50 100 200 o R .>o,77.1

Fig. 4. Potential habitat map of Aconitum coreanum using ensemble model on SSP scenario under climate
change ((a): SSP1-2.6 2050s, (b): SSP1-2.6 2100s, (c): SSP2-4.5 2050s, (d): SSP2-4.5 2100s, (e):

SSP3-7.0 2050s, (f): SSP3-7.0 2100s)
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Table 5. Number of patches, mean of patch area, total core area and patch cohesion index of Aconitum

coreanum under current and future climate of SSP scenario

Scenario Current SSP1-2.6 SSP2-4.5 SSP3-7.0

Years 1970 ~ 2000 2050s 2100s 2050s 2100s 2050s 2100s
Number of patches 276.0 136.7 109.0 113.3 39.8 106.8 16.8

Mean of patch area (km?) 55.1 21.0 25.8 23.0 11.4 17.5 5.1
Total core area (km?) 7,873.0 1,088.2 1,260.2 1,249.0 308.8 808.5 49.8
Patch cohesion index 9.86 9.27 9.22 9.08 6.29 8.56 3.57
4, =t e @XH/\VW% f%ﬁiﬁ‘roﬂ —"i—xéx—i 60“1 —Zro* 0‘31 ol 7]

7 Aokl 710l 494 ehd ) oz
AEL 7% 95 Bxr} ZAA =K Merriam, 1898;
Kelly and Goulden, 2008) 71 5H3st= o] gt A7) 7Ho
A3 o] Hslste Ag 2ulst ol ols/do] Eo
Ak Age Fguslel B 2 9ge B 4 Aot
(Corlett and Westcott, 2013). HHHA] $£FL2 7| THI

et AAE 4 Qe F7to] EE Zo&Z JEEY o]
o W2 A 5 7| FHsto] w2t A4 F3to]

2HA £AANOR AT Aog o&Hrk(Koo et al.,

2015; Koo et al., 2018). & 7|Z1} Zo] Ast&Q 7]
AR5 7He F2 71583t FoFstw o]F/do] ARt
_-]91 A2 H2 FoFg 4= QITH(Cai et al, 2022). £ <
TolA= BEH7] oHIAER WEXARE Y= 7l—r
tﬂg}oﬂ E]—E]— Z]—ZH/ﬂ/U;q_,] EﬂXJ]_L]- z/k];(—] O]L Eoﬂ/ﬂ
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F2% 9@l 2 & 98 Rz
AAIA SHRsie AR 9] 2879 E S| v
A A 73S ksl ZIth(Laurance et al., 2006; Wilkinson
et al., 2018). 12 7| wj&Eo] FH e THAA 2
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2 ZFFEth(Bennett et al., 2006). 2 JAFoA= 7]|5H
szt Wl EAo] HAA AA SIS A= AR
7Hdstal stHs} A4S S35kt s A= S A
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