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ABSTRACT

This study assessed the climate change effect on and vulnerability of the three Climate-sensitive Biological
Indicator Species (CBIS) Abies koreana E.H.Wilson, Aucuba japonica Thunb, and Camellia japonica L.. For this, True
Skill Statistic (TSS)-weighted ensemble models were constructed using present/absent data of species, obtained from
previous studies, and six environmental variables (three temperature variables and three precipitation variables).
The future potential habitats of the species in 2050 (2041~2060) were predicted using the TSS-weighted ensemble
models and the ensemble of 20 future climate projections produced by five Global Circulation Models (GCMs)
based on four Representative Concentration Pathways (RCP) scenarios. The future potential habitats and climatic
habitat suitability for three species were predicted considering reproduction age and seed dispersal function. The
potential habitats of Abies koreana were on Mt. Halla in Jeju Island and the central and southern subalpine regions
of the Korean Peninsula under the current climate. Those of Aucuba Japonica were the southern coastal and insular
areas, and Camellia Japonica was present on the southern inland and central insular areas. The future habitats of
all three species would expand under climate change. However, while the habitat suitability for Abies Koreana
increased at all of its potential habitats, those of Acuba japonica and Camellia japonica decreased. Compared with the
predicted areas without consideration of dispersal capacity, the future distribution areas of all three species
decreased when considering dispersal processes, dispersal distance, and seed production processes. This study
shows that dispersal processes are critical to understand the climate change effects on potential habitats of CBIS,
which is fundamental knowledge for conservation planning.

Key words: Climate-sensitive Biological Indicator Species (CBIS), Climate change, Species distribution model (SDM), Seed
dispersal

1.M 2 1 BH7I8FATE (Intergovernmental Panel on Climate Change

2018). 53] 7| ¢wHztel QI7tel o3t AeA| = 5
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Diversity 2014).

21A417] o) 713Hste] L= e AE olehe
£ & For FYUsHA| ke, AR ol 5shA] et 2
FET] FeiRE A 9 AlRRE A &R0l A AR 4= gtk
(Scherrer and Korner 2010; Dobrowski 2011; Gavin et al.
2014; Patsiou et al. 2014; Gentili et al. 2015). 184} 21A4]7]
o YL Sl 7] 5Bk o) 2} o) wise] Zat 45
7} 331 w2 Ao 2 K’ % Qlc} (Intergovernmental Panel on
Climate Change and Edenhofer 2014). 3}t 214)7]9] <l+
71t e A FEE 71E] A o Yl TRt AAA|
O] THIIE opr|slRaL o]& sl BEY olFEEE A
A7l = AFE 29t (Pitelka et al. 1997; Etterson and
Shaw 2001; Engler and Guisan 2009; Miller and McGill
2018). of2fgt thekst 2719 wistz lsf| HpAL}t I 7%
Wslol| 236k Johs FokgEel S7H Ao oSE1
QITh (Thomas et al. 2004).

AAAE Tttt =S| AAlsTto] oyl TRt AdE
Al AR o] deAkgsial Qe TR Aladles
ARG eSS TR AEA HAS 7S
7k 4= Qle Fa%t A3 023t Fa4d el ful
Fo] 7ty AEHUEZZ T (Man and the Biosphere
program, MAB)of| A= A A% HE0] Fa/dS 7Fxs}al, o]
2 gisto] WESIVIE W Frhopy HAS 9lstol Zagk A
A7) diste] AA|ol, $5H, HolH|ofoR Lol T
2k 21 Harskal QUok (di Castri 1976). E3E 7 -5 AYE
A $lso] ofa) whpstel AAAY] A4S BEIE F L
AEe] HAA BES Slste] K] B Ul AbER A
A BT e oo wEso] ogoldm At
(Pascual-Hortal and Saura 2006). 184 A% BA-LS 93t
2|2 0] -3 mkAS fIeiA] A F=aFol tht AT
AA] 24 Yl o5 HiEgke & lef ik H3} of&0] o] FofA
of o, QoA tha=o] AtEo] XIFPE| I} (Svenning
et al. 2008; Yun et al. 2014; Koo et al. 2015; Park et al.
2015, 2016b; Kim et al. 2017b; Koo et al. 2017a, b; Park et
al. 2017; Koo et al. 2017c; Bosso et al. 2018; Koo et al.
2018; Avila and Charles 2018).

SollA] =Rl ool AR AR EAu dA
F4 4 olE B gt vl i o5 o) EE AR}
2N BAE 3l AIAAAE dSstaL Fo &

EE AASH= FEIZWF (Species distribution model, SDM)
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L& Z8ste] FE|Qtt (Guisan and Zimmermann 2000;
Guisan and Thuiller 2005; Elith and Leathwick 2009). Z&3z
WS ATjaoR we Tl 18] Aule] A7 o £l
HAIX) 87 5 wstol T Ealo] Golst7] mhie] ZAA
Mo AAX mAo] et ThaFet Aol B8Ew 9lrk
(Wiens et al. 2009; Song and Kim 2012; Cho et al. 2015; Do
et al. 2017, Wang et al. 2018; Ikegami and Jenkins 2018;
Raghavan et al. 2019; Runquist et al. 2019; Namgung et al.
2019). el Al oAl Aojol AAlsHs Tl A1ES o
Ao MqaR] Al 24 9 B |3} &2 F3t F{ok
24 A= (Koo et al. 2015, 2017a; Park et al. 2015; Lim
et al. 2018)7} 2o 9 WA AES tiem 7|5rsle|
U2 A AA] 2 9l o} oS #Rt Aatsol] JIRE It
(Yun et al. 2011¢, 2014; Park et al. 2016a; Koo et al. 2017b;
Park et al. 2017; Koo et al. 2017c, 2018; Lim et al. 2018).
ol QoA o]FofXl TR AFEE 715 H A
P 2 Adxns skl v 22 &l w5
3 ARQI bzl Zhe MEA QRS BEkA] itk
SHAI7) Qlt} (Engler and Guisan 2009; Park et al. 2017). A=
A Qe wEshA gk A9, Aol AFAAA Bt u
Z Aol FEShE vl BE o2 v @A
Ao g BE|t}h (Dormann et al. 2012). o|23F A4
sH2sty] glstel Sl AR AHES A o
J6E AFEWE (Gomez and Espadaler 1998; Bullock and
Clarke 2000; Vellend et al. 2003) ZEEZH o] Agls}o]
el vl Has d5ske AGE ettt (Bateman
et al. 2013; Miller and McGill 2018).

SR 71gsll] B AR G At 9
7155t AEX|#E (Climate-sensitive Biologocal Indicator
Species, CBIS) 100Z2 A|A3}9.21 (Lee et al. 2010), ©]
TES EET HofR 7ieRet Hd A9 E AN
(Yun et al. 2014; Koo et al. 2015; Park et al. 2015, 2016b;
Kim et al. 2017b; Koo et al. 2017a, b; Park et al. 2017; Koo
et al. 2017¢, 2018). & A-rolAli= ol&gt 7|5t AEA|
FFOIA A7) tRE AAEEE Hole 3% (MU Ad
i, FHMUE Adiste] AR 7]So A9 7] 52 A A ]
£ skl o]5 vige g AR Fa2 9 7|5 Hsle| w1l
&l 2 WEkE ofl&starat sigick 3t wjef ofl&olA Ak
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a0 %{E} (Yun et al. 2014; Koo et al. 2015; Park et al.
2015, 2016b; Kim et al. 2017b; Koo et al. 2017a, b; Park et
al. 2017; Koo et al. 2017c, 2018). & A1) AL ofal
Ab AEAle] T3] 7] st WIgEe]l AR (Abies
koreana E.H.Wilson), WYt o] 7| &S} wiz=eel ALt
(Aucuba japonica Thunb.)@} FHL}EL (Camellia japonica L.)
30|t} (Table 1). ARFRLE ALpRT) ﬁ}qw MEEANTEN
2 FHEEO] ofatAtog MAJehs agEoltt FAEE
SR REA RS} AR 5 olARIe] AR
7150ste] e 3} Aae] BuElw glon, new A%
AEH A wIsE oz HiESrh (Koo et al. 2001,
2017a; Lim et al. 2006; Song et al. 2010, 2014; Kim and Lee
2013). A= Aupiae] Sahe deid AsEdeE
% G ofoh Aol 2 ol AU (Lee 1980 5
e AR} e A2 JelRkiE 3 ki)
7] okt Akl AAEh (Lee 1980). o] T o vheh
ARG | Fedsl] i BEew 1 Bug Bl
A FEA7E EZOR o5 Zlo= A5HIL qlt} (Park
et al. 2016a).

FhbE L 0] 3343, 7 124~132%0] ©]]5hy 39
o] vhtke Se] Wolglis M EuAAe] AY ATS B
clck AU o] oF 70%7} dloled s} ol 5
3600097119] Folxel {olwrl Qe Aoz HuxEct
(National Geographic Information Institute 2014). ©]2{3}t %]
& AT A 2ol U1F Ao] ekt SA0] AT
4 Q= AAIRE ATl 295 (Kong 2005; Kim et al.
2017a). 53|, =22 02 ARt J4F Gl ofarik X7t
;(] ];].0]:8]— /\«]/R];(] yj-ﬁg] HxL L]—r;H/H /\Ht’xoﬂ/\ﬂ ’S]—]:H/d
WEETA) heret AEEe] BEES s155 Ho (Kong
2007). o]o} TlEo] 7]Fe AW 10~15°C, HHe| 7% A

Table 1. Study species

SO o2 2= Ht oS 187

Edl, olB O] W 44w 5 tiakt ARgo] AAE 4
[}

gl% 7]_,@5" e AlTskal Ut (Korea Meteorological

¢

AE715H4> (Bioclimatic variables)= 7]-&3} 75 7|
A7) A7)0l wet 21t} A20) A4 BAL 24T 4 9)
= AgzH % 197)9] Wig) Qlov), AR Al FR3
H b2 WA RS (Ecological niche model) &1
oA 93t QA= 113 E]|o] 2t} (Aratjo and Guisan 2006;
O’Donnell and Ig-nizio 2012). 7| &HZ}of| w2 AYefjA] FF

ﬂllﬂl

(ol

37} Aol Am7|FHaTE oA 28551 9lo, 19
M) HE WE AMSHE AR ATEA, FAEEA 5

2 53 dizAdo] Y= HEE AAste] ARSIttt (Koo et
al. 2015; Park et al. 2017). X OﬁLOHAib H4=7k9]

Pearson’s correlationS A4t ALA7| =2 HSG: (r >
0.7)E EAIA HiAlFe=HN JHEATT &2 sl &

5 AR Tyt 2 =FEol it 7|53t A AYE]
A Ae] v]Fo R AV £ F W T 4 AES
KRR ] 22 H, =57 7|58 AEE 7| 9eEe] &
AL NS 5 Qe F5HeE AHEIITh (Biol, 2, 3, 12,
13, 14). Biol#} Biol2= g4 711}t Z<egkoz Sajtal
4 HAAAA ] BET | SHE -Q%‘B‘Ftﬂ *}»QH i SlE th
Zlo] Hg=o|H, Bio22} Bio3= 7]

A BE F AYshe W) 59 i0291 735 Auaprt
E3et Ab 9l ofarite] vigl] A2 Wt sl Al= Ul
4 AEEEse 71987 & dyeith E3L Biold=

o ==

“

r%O
L
2
i
jg
o 1o
Ell
o
o

NHO R tinRel Selet AlEEe] GFE W | FAE
g0l A AzAEd A Ay, Biol3k Y5592}
oo

= 5ol 9% ~EH =t} (Koo et al.
2015, 2018; Park et al. 2016b) (Table 2).

H &3Lo]| A= Worldclimol| A Al-251= 30 Arc-second (ca
1 km’) A=l 19609~1990WE thaEsH= Worldclim
version 1.49] 7|3 225 ARSIt AAAIR R oF 61
7i9] Global Circulation Model (GCM)©] 7jgt=]o] ¢lom,

Argahe

il

Scientific name Taxon

Korean name English name

Abies koreana E.H.Wilson
Aucuba japonica Thunb. Cornaceae (5

Camellia japonica japonica L.

Pinaceae (&Y}
S
Theaceae (X5}

T Korean fir
AR Spotted Laurel
R Common camellia
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ZF WEL2 47]9] Representative Concentration Pathways
(RCP) Alfeles] wet ole) 7)3usls s oot
(Taylor et al. 2012). 47]1¢] RCP /\]L}E]i— RCP 2.6, 4.5,
6.0, 852, o] AU2] 98] S2k= QR ujES AoE oAt
S 2A7R20] ool wet th7]Foll S2E Ao olidE
= 2AIA FEE 9ulsitt (Riahi et al. 2011). 18{2&
RCP 2.6004] 858 742 7|3 LA7IA Bwrt 27l
a1, ojof| w2} 7|FHsle] A, 7| 715} I A&
B st Qe Z15ste) wigfel Sl chakt 2
of whet WAy 4= 521% =5 £0]7] fIste] oy 7i9
GOM o2 2712 P4 alo] AMEaITL Utk (Wang e al.
2012). S, Salufate] 29 A Aket GOMo] i A4
SollA] 3 7] GOM of Aske Abgeke Amche Ty

3 GOMe] o2 ATHE AL slo] ALgHE Zlo] Bake
sz —tﬂ 9] Aolek 2 £ ol ol
3 olsto] @A) el 7Hk ol BgEnd, 4|

geom olaﬂom Szt 7|3} dzeo] Atden
& A2 BEHE T GOM st of A
o RCP 2.6, 4.5, 6.0, 8.5 A|L}2]| 9= z}zF A23}0 20
H4 2050\ (2041~2060) 7|53} o= AnE wolsla,
olF oS slo] uld lFMs Ame ARSIt

_I

o&

Table 2. Climate variables

Bioclimatic Variable Description of Variables

Biol Annual Mean Temperature

Mean Diurnal Range(Mean of Monthly

Bio2 (max temp - min temp))
Bio3 Isothermality (Bio2/Bio7)(*100)
Biol2 Annual Precipitation
Biol3 Precipitation of Wettest Month
Biol4 Precipitation of Driest Month

Table 3. Global circulation models

(Watanabe et al. 2011; The HadGEM2 Development Team:
G. M. Martin et al. 2011; Yukimoto et al. 2012; Schmidt et
al. 2014) (Table 3).

23 EYE A AHS
hvi
=

TR0 it Lagt A4Fe) SFMEIAEE
T30} (2000), oAt XA (2002), = HT=H2 St
H3EE (2004; 2005; 2007; 2008; 2009; 2010a;
2010b; 2011), AR A32} AAXAZTAHZAL (2006
2007; 2008; 2009; 2010; 2011)of =55 X7 E &85
Ak AlE2AR AFo] FUsAY IR e Tk
2} 9 6347H0llA 757709 AleREARE ARSI 2
Aol A At dEol s ¢he A o® 7EE AHE
HEEAEE Bt

FRERYe ALS 99 o
biol~31} biol2~14 FAHSE —?%8}1 FEEZES 70
o) 309 H|&=E SAE (Training dataset)@} A|FX
(Test dataset)2 F-Z+¢] £23&slict A7 BEdbo A yeht
= 22O WIS sl 8l o £ S 4
9 503] WHE AJgYskQich 5081 23k SAAbRe] A
aEFoA ARETE 2 Aom g 1Y dares
(Random Forest (RF), Generalized Boosting Model (GBM),
Generalized Additive Model (GAM), Multiple Adaptive
Regression Splines (MARS))S Z-835}o] 7jH $HIHEHS
TS APARE ARgsl] 7+ wae AZskic
(Kwon et al. 2012; Park et al. 2016b). 7 Z3HoAx 2=
=S Faslelr] ffs =Ee] HFolA TSS (True
Statistic Skill) Zko] 0.7Hc} =& 2RI W HS HAst Z+
H&o]| TSS Zro 2 7154] (TSS Weighted Ensemble Model,
TWE)Z folst] is sigom sig wye R
Biomod2 u7|X]& &-835Ftt (Thuiller et al. 2009)
(Equation 1).

¥

= 5=

GCM Code Institution
GISS-E2-R GS NASA Goddard Institute for Space Studies
HadGEM2-AO HD UK Met Office Hadley Centre
HadGEM2-ES HE UK Met Office Hadley Centre
MRI-CGCM3 MI Meteorological Research Institute
MIROC-ESM-CHEM MG Japan Agency for Marine-Earth Science and Technology, Atmosphere and Ocean Research

Institute (University of Tokyo), and National Institute for Environmental Studies
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_ Z7SSP;
5 ol ofsff Ak

3
57| ol Fo) s @‘ﬂo}ﬂ aliA= ?fh% H|E3
= AR (threshold)o] == =& 2
AtakE o] Bamolck, 1 ele] FRERFOIA oA
3 AEE 2T AtellA Eol ARSEAL Q= TSS ghol 2t
7} B AHE 8519} (Allouche et al. 2006). ©& 2] A
St = TSS 7} AUC (Area Under the Curve) S AR5}
o] 71819} (Landis and Koch 1977; Pearson 2007).
LR ol SR T 5 % A2 )
olH o A SES RARtoR spgait T, 2
27| T} A 32 Holu] ol vz} S s} o
7] whie] AVE Sele RAROR /s A wEu
o]t} (Thomas et al. 2004; Thuiller et al. 2005). o2t $HA|
S FEs] Y3 Cellular AutomataS &-83F RO
MigClima}7| 412 AFgalo] %] AVE 71548 molaloict
(Engler and Guisan 2009). £9] AL 582 AX|4FE
Apgetel Aol 1 SHE-E ATt (Equation 2). 917
kel A7 el o) g Zhs 1209 A
01 5 km (7]27]: -0.001)2 7202 slglon, o} vl 10
S AT 4 9 71971 000055 F7H1o] Bl ol
oJet A AbEE 15T} (Vellend et al. 2003). 3+
A THRolA] ZF AR, RIEe] ROkS AAKSH 4 ) 7]
Zio] st ofeig 717 AE] A fele R 2ag
t} (Engler and Guisan 2009). ASFe] A& 7|7k A4]2] <]
2ol wet Z17] deba|w, et HolE A= 2 A4
A ol At Washt Al det oleiat o] 3
A= mlef oSl JlojA 54, 104, 154, 2019] thefzl 7]

m e rBL

juls4

B2 He} oS 189

]_

r\l
2 flo

wore] 7Izke 2 FAelgc) mels #A) B %)
oA AlZato] 19909E] 2050714 6017t 60e] A
wolz Eof vjg) B W3S dj3aloch

b _19.

Dig= 0] w2 A2 A
<7]2 -0.0013} -0.00055 ZZ¢ Xﬁ]%

A 715 (1960~1990\d)ef| A 2} Atgoll thisto] A21]

PNFAT T} S lon, TsSgho] At B dAYS
NEoz AR 71FATHAAE &5l 0|5 upgoR
xjo) Bze 245U} (Fig 1). 2 28 AAIX 9] 7|54
s 29 BB Aol 7o) 1FoR HEEo] A4
3 glon], Fxjo] 71 FATH AN} o] HiEoR o
o A BEE A EAo] BN A0FE |90z AA|E o]
olck Fig. 1). @A £E 5ol st 2 mae] o5
TSS9} AUC 7S AAtste] B71et Ast, BE o] o5
Zo g EXNTQ]c) (Table 4). TSS 2 7|1&2
= 0.91, Eu}h,]-t'

oAM= 5

o] M- =
2 AR 2EIRFEO (098, A=
0.82Z Hglth TSS FLo& BH7Rst my o=
Ur7E e Ao Bisko] tha W o5
PO}, AUC gHe 7120 B 371E 2% 0955
T 5T oEEE Btk

=.=HI_I=

rr o

Ry SAnt A 71 5ol 7| FATFAARE TAR 9
Zx5] PARFELO] B ]2 898 k', AU 3,996 kit

B 37,823 k'R A AR A, @
A AL Bxshe 1|0 ool Aokt lut e
ARFA AR 7| FAFA AR AR o ZE o, oS £

mA o] AA| FEA|ARD} thh W Ao vehr}. 4]

{

Table 4. Evaluation statistics of ensemble models. TSSs, AUCs, Sensitivities and Specificities were calculated from
the ensemble projection of each species using the full dataset.

Species Name TSS AUC Sensitivity Specificity
Abies Koreana 0.98 0.99 100 97.61
Aucuba japonica 091 0.98 94.87 95.93
Camellia japonica 0.82 0.97 98.77 83.03

http://www.ekscc.re.kr



190 HEMS - 70} BN
U] S ) B2 xlo:ur B o 20| o) 2AE By ot oA 2B YE G711 vt e Ao o

#|ojo] TR A3} o
= Aoz Vel EHH],}
A B IR AP AoR YA For uy
o] AR E SUSH - ET} S sk 971
Eohs Ao & A SEQlt (Fig 1). 24 58 #3249

=

ool W wAH o] R B
by AEEEs 5

=]
L

A

=)o} (Fig 2). Aghe Wele AmRry, TARE B E 2
oA ATt Assllom, Aue] - i HAo]
el A Wi 2 mE oA H3tEs shehe A
o2 ASEITh FULTe] AL, ulF) 7SN Eixe
VAL @A) 7150A 8 s Hold 9] A

T T

AR 7| 5A S A E, :r“ Ui di2 A1ollA A7t ks AoR dEEII AlE 5o AT $A
Lo A e 1ol uhd, 441,} F_qﬂ_ sore] HatE 7k xoe @A) 7)ol A= 0.270~0.3963) 0.396~0.571'49]
7h A GeRda, U R sl 33 elete) =4 o] AFES RAXT vld 7| FolAkE 0111027008 ©
A e HGES Ho olA). Tt A, AAES mEe ekl Aok qle]
A3 A4 E 0.571 o]AFe] Aol A 0.270~0.396 E+=
3.2 7|12Hsl0| WE 2Z HaL olF: FAS A= 0.111~0.2702.2 sl2fsl= A2 UERHT:
718
sl Aeloo] met s 207je] 050 Any 33 7IEESHN I BE wst S dEE M
PP 31 o] Agatel uleh 7 FABHAAE 25l e
ot (Fig. 2). m|ef 7|52 AR hE arejste] 22 Weks 7| FA A AA S A Y (A Aot AHA A
ol|&3t Az, FAHEE 9,763 km', AUHE 7,659 k', ore} At 717h= Agstel T 2050 S oS3t
ML 80922 k' R 2} oo Ao olE (Fig 3). 2R Sfs) iS5 @AY 2 Aofe gk wgel
sk PR A9 Tle] EASHE AFE Ak 4 A% AHom AgEclon], ud 7 AT A
oM 58S A B Aol A2 elon, iAo BRI Fig oI WA £ Curen
AURE Aol RS, FUbRE 2R ool FR disibutiony= B4 7]Folx] FIFATAANE Asin,
}1 A A
{
4 - <0103 : ;}”“5" <0181 <0111
I 0.103-0.185 ,-f-‘f" I o.121-0256 I o.111-0270
0.185-0.343 0.256 - 0.390 0.270-0.396
0.343-0555 & 0.390-0552 0396 - 0,571
e B > o555 s m I > o552 Il >o571

(a) Abies koreana (b) Aucuba japonica

(c) Camellia japonica

Fig. 1. Habitat suitability and potential habitats of study species under current climatic conditions. White color on
the map indicates the absent of species and other colors presence. Other colors also present habitat
suitability calculated by the probability of species presence under current climatic conditions.
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(a) Abies koreana

(b) Aucuba japonica

(¢) Camellia japonica

Fig. 2. Habitat suitability and potential habitats of study species under climate change. White color on the map
indicates the absent of species and other colors presence. Other colors also present habitat suitability
calculated by the probability of species presence under current climatic conditions.

5 Year 10 Year

15 Year

20 Year

5 Year 10 Year

15 Year 20 Year

5 Year 10 Year 15 Year 20 Year

6=-0.001

6=-0.001

6=-0.001

—0.0005

0=

0.0005

0=—

S el

0.0005

currentdistrbution
B Fucure istibution with dispersal

Bl robiatioss

(a) Abies koreana

(b) Aucuba japonica

(¢) Camellia japonica

Fig. 3. Ensemble forecast of study species in 2050 under dispersal limitations. The left axis is the coefficient value
for the negative exponential equation (6: -0.005, -0.001), and the top axis is the first reproduction year (5,
10, 15, 20 years). Current distribution (green color on the map) explains that the distribution of study
species will stay in the future climate condition. Future distribution with dispersal (blue color on the map)
explains the areas where their distributions will expand under future climate condition and dispersal
limitations. Habitat loss (red color on the map) explains the areas where they lose its climatic suitable

habitats under climate change.
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Table 5. The future distribution of study species according to dispersal capacity and the ratio of climatic suitable
habi-tats assumed unlimited dispersal vs. those restricted by dispersal processes. The dispersal capacity
is a func-tion of dispersal distance, coefficients for the negative exponential equation, and the first
reproduction year

(a) Abies koreana

Coefficient value for the negative exponential equation -0.001 -0.005
First reproduction year 5 10 15 20 5 10 15 20
Future distribution area under dispersal limitations (kmz) 6,823 6,378 5932 5,650 8595 7,948 7,837 7,099

Ratio of Climatic suitable habitats versus suitable habitats limited 0.70 0.65 0.61 0.58 0.88 0.81 0.80 0.72
by dispersal (%)

(b) Aucuba japonica

Coefficient value for the negative exponential equation -0.001 -0.005
First reproduction year 5 10 15 20 5 10 15 20
Future distribution area under dispersal limitations (kmz) 5,948 5,000 4,617 4,473 6,956 6,942 6912 6,157

Ratio of Climatic suitable habitats versus suitable habitats limited 0.77 065 0.60 058 090 090 0.89 0.79
by dispersal (%)

(¢) Camellia japonica

Coefficient value for the negative exponential equation -0.001 -0.005
First reproduction year 5 10 15 20 5 10 15 20
Future distribution area under dispersal limitations (kmz) 59,034 54,863 52,621 51,434 69,683 64,904 64,487 59,439

Ratio of Climatic suitable habitats versus suitable habitats limited 0.73 0.67  0.65 0.63 0.86 0.80 0.79 0.73
by dispersal (%)
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