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Abstract: Predicting the potential invasiveness of alien plants is important for biodiversity conservation study. The

phylogenetic relationship between alien plants and native species is usually used to predict invasion, however, Darwin’ s
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naturalization conundrum predicts two completely different results (i.e. Darwin’ s naturalization hypothesis and Darwin’ s
preadaptation hypothesis ). In this study, we analyzed the connotation of Darwin’ s naturalization conundrum and
suggested that the base of invasion prediction should be changed from a pairwise phylogenetic relationship between alien
plants and native plants to the functional similarity between alien plants and native communities. The interspecific
differentiation and intraspecific variation of functional traits may be different but not contradictory strategies of alien
plants to achieve successful invasion. On this basis, this study constructed the functional similarity between alien plants
and native communities through the multidimensional hypervolume of traits and putted forward the research framework
and basic flow for invasion prediction based on the similarity. This construction of mechanism model framework helps
understand the invasion mechanism and provides practical guidance for potential invasion prediction of alien plants.
However, to accurate prediction of alien plants not only depends on the selection of functional traits, but also on the
invasive habitat independence, the importance of spatial scales, and even the invasiveness of native communities. Future
research is necessary to verify and improve the model through control experiments.
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trait plasticity

BB RGIEE T B AT ARA WA Z K
AR AL, A1k Wy B 9 AR S B A SR 3 ) 2 —
(Hulme, 2012; Simberloff et al., 2013; #74k fl 2=
1#,2017; Munro et al., 2019) , U &P kAl 4y 1
TENARE C BN A2 W) Z2 AR OR3P 1 B BRI 58 N 45
(Mack et al., 2000; #RHSE, 2018) , A5 HL
( biotic resistance ) &R AE J KA Y HE S BT AAZ 1)
B, BY S - Wy Fhoxt S0 ) i 3 50 9 38 4 24007
(Conti et al., 2018) , J&] EZAFTEMIXTIELE A 1Y)
—ANEEHIRBERE, SRRl AL 5 R A WS,
AR HEMIN AR (Nereu et al., 2018) ., FEFTA H
AR E AR O T, BRI A= W R ok 2 R o
R AR LN 3, 38R SO S E B Ak Y S
Z YRR ] 1 55 2% G Z2 X AP SR A W) 1T A= 1
SRR, IR T 3k R SCH AR 3 ( Darwin’s
naturalization hypothesis, DNH ) F1 i & N & i
(Darwin’ s preadaptation hypothesis, DPH) ( Darwin,
1859) . BifiAE 1% F AR AN 22 0 e, 33K T A B0 2
BRI AN RAE YN Z A )R] Y 26 4O & 5 41
KAEY) BE A5 AT AAR B HE 2 BRI K 4 ( Strauss et
al., 2006; T34 2009; Castro et al., 2014) ,iX Ky
HPRAEYI AR BN SR A T A5 R

1 38 7R SO R AL
575 BB 3 (DNH) WA 76 7 41 L %

TR Z B TT, SRS KA B i S A 3R
HEFF Y AT R LRI R ( Daehler, 2001) o X H Oy 44

R ¢ RO R I R B W W FhOAE L
(Burns & Strauss, 2011) , 2 W& 177 16 i) Z1 Y Fi 7]
s L a] Y K H L SRR AL B i i T A ) S
55 WA AR RIS A O, W A ] AR L s A
A EBAHARL, T8 4 HE R B ZU W b A ) e S B
Ko FRGIARIPEAR 5 ( limiting similarity hypothesis )
Ny, TEA7 40 Tl [ A7 7 IR o) AR AL 1 DAk 0 9 2 Y
Fifr 18] 52 4 ( Macarthur & Levins, 1967) . #4) {514,
HAF T 6] — A 5 R G AR AR L 2 5 (traiit
divergence) , #1555 & L HEVE A [FPEIR 10 4P SR A Y
W EABKRIARE T, B A AL A B3 (niche
differentiation hypothesis) ( Lambdon et al., 2008) ,
[, R SCRR B AR E S A B 2 F s £
TR R PRI AR R AT RERY . R AR
T ) OGS PR B TR R o A RS AT DL AR G B
e AL, B 2R 1 A B8 AT AR B AP R A )
MAZ, X B PR 2 Sk A B 2ok 8 {0 (habitat filtering
hypothesis) ( Kraft et al., 2015) , FITHYEZ K R
R AL B0 A2 255 5Kl S R A Wy X 24 b BR 85
RS I s < 5 R VAR o1 < B A% RN
(Proches et al., 2008) , BJ filidi b {E i5d ( DPH) , 14
i, IR EFNAE S BT SN I 28 26 B TR R AE A
PRI AB LB 2 0L, PR o 3R 1 L 5 2 43 A1 i A R A
PR T AL & AW A FE BRI VT L) R
DXL 43 A1 B A AR AE P A T s 6 U B 0 b o L
BRI 20 4EK, 22 EATTN 3 WA 6 37 A A i i
T TAR Z 5 50, A5 3] T AR A — oy 45 R
(Jones et al., 2013; Li et al., 2014; Qian &
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Sandel, 2017) . P13 7R SC U A M1 5 AT 100 1
i #% & FK R Ik IR SCIH Ak XfE B ( Darwin s
naturalization conundrum ) ( Diez et al., 2008 ; Park
et al., 2020) . FH T 357K SCHY WL 502 56 T W Fp iy
FRYGE R E A P Wy Fh 3L A7 08 D) B8 1 RAH A
PEA SCIR R — M, PRI 2 2% 56 & ] IR Sy
ARAFARU M B9 A B 78 7 2 43k o8 R B4k i MR A
o R, WA LI, R5% kR EVI MY
FRAEZ YR AR PR SCBE VIR B AR B2 25 5
(Funk & Vitousek, 2007) , M\ I BEH IR 1) £ B PR A
A PIrE AT e — A AT R = A9 754 ( Yannelli et
al., 2017)

2 TR EE K

NREPEIR R SE T W) Tl A A W AE 5 A R B
5E (Adler et al., 2014) , LA K 4 Ff 6] 40 B 1E FH A9 55
FEFFRAE (Kunstler et al., 2016) , ##3& # £ 19 4F
P B ik ey A 5 Wy b DL K W) e 5 A 85 ) AH B
VEFH 4 77 8 2% 1) 40 ol %) 2 6 1 AR T AR 2 44K
T BT 4252285 ¥: ( Violle et al., 2007 ; Levine,
2016; Pérez-Ramos et al., 2019), Yannelli %%
(2017) WEFE M, 2 % 5C 3 B0 W) 19 00 IR
TEARAE S oK W) b B9 AAR v R 4% T B EE A AR T
SR, T AE MR A AR 52 i 49 o S A7 LA K the 5 Ab R
YA, BT Z 0 7 D Rg AR 5 4 ok
R T) B 5C 2% AT B0 AP Sk A8 W B9 A AR, D S KAl
WA R Bl S i B A

Yy ) D REVE IR — O T PR AF 1 Rk B AR PR E
P, o5 —J7 R B Al S8 T RE IR Y A ) 23
na ( interspecific differentiation ) Mmoo N R
(intraspecific variation ) f2 ¥ Fh 52 B8 X 7% 34 55 16
JO7 LA R o] A ) 5 4 M 7 14 T 2 A 25 SRS
2.1 Thig ek aY s 434k

SRRAEYIN & L REE AR B 2 11
ORI AR TG R TE A e 72 Sh ok
T B9 AR 00 SR P Bl AT FR BT TR A e 25, LU,
Py 8] 4 AR 25 53 A 72 AP R AR 52 I AR Y
— i, AEP AR A PR AR A e — E R e
% S W AR 25 A A4k, S BOM W AE B VR N 1Y 38 A
JIE 22 5, R A2 AP RAE ) 0 B AR, W) R ]
F18 A 25 73 A AT B Ay 5 R T AR SO M) R i A
KB I BB M AR 434k ( Wright et al., 2004) . [@] ],

55 IR W AH OC 1 B RE MR 2 TR) A TR B A
DA ACATL ) 119 5% U5 4K BURT 1 FHZ0% ( Reich et al.,
2003 ; Aubin et al., 2016) .
22 MEEMRKHFHRNESR

PR B A A AR S o T IR A A 0 B DT R
(FEHEH%,2016; He et al., 2018), [{l—¥F#Y
AN TR A A TR A A2 W b 4 D) e PR A2 S ) BRI R mT
YA (trait plasticity ) , 3 FRZAE 5 0T DLAG 50k e ol &
G PR N B A S W A A SR RO AL BAT 03
AT 2% B L (Mackay et al., 2009)
W AN, R T S 0 A ) RE 6% 17 Xk BR 5 e B O
Al REFE T |12 I IAEE T 447 (Palma et al., 2021)
PR AT B P P RE (AP RAE Y AN & W) B A2 35
VA =3 2 M N  ANTTE - T=T A 3R 7/ ) B DN ik 3
% (Bennett et al., 2016) . BrHAR O FF NSRS A
HERAEI AR T AAUA] AR K 2 &5 ) il AR BL
TR ) R ABCEE (Jung et al., 2010; Paine et al.,
2011) , 17 EL AT AA 28 7= W) R AR AL ( Albert et
al., 2011; Clark et al., 2011) ., AT, 7EE
U5 A R PR 58 v MR 7T 98 M BB A% 2 S AR A )
Xof 1 14 3R IBCRE T3 B R 80 i A ke AF ) 11
A AN B BE DT 3 ik H b RE 52 4+ BE ) (Leicht-
Young et al., 2007; Funk, 2008). 5 £ T Hi¥H
P, AR AE W H R B BRI MR AT 8
(Daehler, 2003; Mozdzer et al., 2012; & T A%,
2017) , 2945 50% N AE P A A= 6 1 5 v AR ]
IHPER: (Ren & Zhang, 2009; X4 2010, %
RN EESL,2018) o SR, BEVEAE S R T
HALPR A R ] 24k, 20200 1 N A e )
P R B b 8] 236 5 b P 22 S5 2 A ok A W i
TR S5 it A A5 S5 B B AR ) TR o A ] A 28 R g
(Helsen et al., 2020) , i, 7EARESFH K
TEAB A ST A A AN R P AR B o ) 43 58 5 Ay
7 S R A8 X /N TG 3 A R X B R LA
BRR

3 ShRAEM R BN B9 S A

IR IR SCU PR RS 18 5t 2 R AR A 51 ACHE AT A
R A AR B, H—, B CRM
TR — S PP AR AT o A R A L A 2 A
BRI J7 2R ) BR8] A A 2 o 25
Fr AT A ML REVER B REVE T, 85I A B4k
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T ST 8 3 4 R 1 B A= T R Y AT RE R 4 e 2D
(Daehler, 2001) , BRIk /R SCHAB B, H =, FFk
YIS LWy Fh B AT AHAL B Zh BE PR R A AR, X BE
PR T5 2K B AR —Z (Hooper & Vitousek, 1997 ; Naeem
et al., 2000; Symstad, 2000; Dukes, 2001; Young
et al., 2009) , i H6S 24 M 20 55 A7 4 B 4 1) 3k 0 1
A AT 2 I A 5E A=, B BE R U
( Daehler, 2001 ; Diez et al., 2008) , ik/RCIHk
s 1555 8] F1%) 2 40 Al (] 4 A ELAE R i 9 AR 5
SR Y S W) AP 6 AR B ARG 3[R 75 3R (Skéra et al.
2015) , SR RAEYIRE A MU A A MM T AR B 75 R
Fofr ) AR B ASA T 3K Ao AL AT G 2R S T A R
Y5 & LR R AU

VAR HE T Wb ] 56 2R B AR B IE T —
SE T S R (HIX SE RIS AR TP AR AR MY
2 T Fh — 34 0] 1Y) 3% 2% 5 22 5 T ( Carmona et al.
2019; van Klink et al., 2019; Dong et al., 2020) ,Jf
HETERLERMMRLSERETSARSKE TR
S B DR MR R R, AR
W O 22 JEAS 2 167 B0 9 7 ] 1) 0 o G 2% T 2 4
KAV 5 & LREE AP RE A — X 28 KR,
(]I, — X 22 A A ] OG 28 5 A 55 7 19 79 i) 40 7o O %
M1, AR & L RE T A A 6] 7 )+ 2 4
PE AR B DI RERE AL AN [ A9 ) R 22 BE A% R 553X
SRR P AE T A ke A ) 1 AARE T 406 25T DR 7 7K
V- BERE R R, BEREANSRAE Y R S R R
GRS ARSI A 1Y SC R BZ SR A Y 5
Z LW R R GO R AR S &
+BEE R AR 56 & (Skora et al., 2015), @it
HEESNSEAE Y 5 & BT 8] A AR ALPE OC 2R R AT
HPRAEY AR TR, %05 AR |2 B AR Y S
S LRERE A OC R, HFBR THRERECR (NS 1
REFE RIS A ) XF AR B 3-S5 33k fdE 45 Tt
S5 R BN A A T

J TV AN RAEY) 5 £ T TR B A AL,
IV 31 IW/NE S5 R I=1  R NI R = i (P = R
(functional similarity index, FSI) ., AR ¥4 >k #H 9
52 L% R AR 3SR AR Y ¢
Z 452 (Skora et al., 2015) , B $8 B0k =X 0 X} $0i
LB, BRI RIS RAEY S & LTS
] AR DL PR R, BIAN R A S R 282 -9
T REEIRAR L, FEIZA T, Q2R AP R A Y 1 2
AR, HEAT B2 N O a8 R SCHLE B i 336 ( DPH) | T

AAZ RG] B8 2 i 33Kk R SCH AR AR ( DNH)
M EAL ARSI RALY) 5 & BT 8] 1 AH L
BN ENA R 5 4 R 2 80 S W b T RE 1R
AL, FEZBL T, W SR Ah Sk A ) B AR AT g
Je PR R iR IR SO AR B UE ( DNH) | A 4R 25 6 ) mT
AESE 1 T L& W R Ui (DPH)

AT IR MR AR 5 & L REV% 1]
AR ARLPE , AN A AT LA 25100 0 b o A8 ) 68 75 1 2
AR, T HL AT DL e A Vs 2 B8 MR 9 722 Ak 48 7R A
RAEYI A AP, X BT B LI AR, Fia]
AR AR, ST Fh IR BT RE R I
1R R S A A (VA 2 BN VA
FEANRAE YT AAZ 19 AT BEHLH ( Lambdon et al.
2008 ; Dong et al., 2020) ; 35 KB 28 F A9 L 2h A
1=, B e 1 Wy Rh ] A9 26 [R] AR B 5 5K, A R #
SEBLS I AR PR 0 Rl P A8 S 02 32 BTk
Ho R R B AT T IR 0 RN S S BE 8
P e IR AE W X8 B R %) AR AR g KR AR T
TR AP ) 00 A T BB, AT g 5 A R SR 4
AEJT, P L0 3 00 2% 2 Hh SR AH ) L2 AR 1 AT fiE
ML ( Sax & Brown, 2000; Leicht-Young et al.,
2007 ; Funk, 2008) .

4 SR NE TN B TR

HARR L, g 7 kT D RE MR 59 SR R A WA
T, KA ERFELT 3 A EAS (A 2) . —
JE I RETEAR A I 52 55 0 0L s — e R T I REE ARG
TR S & LR A AR, =R T2
REME DR A 18] 2P0 A0 R P9 A2 53t 19 23 i R ST A1 SR A )
ARl BEAAR BL T
4.1 TR R E 5 IF ik

AWETER WY, I AN I B A B PR AR I 5 R
TR B 2R 25 T RE , MUK A 08 F a6 2T T AR
M THEE A ST R RAEPLE], & B A PR
VEFE—% JE VAR 18] 70 A0 Fh 9 722 52— BE 2 4
PEE B0 2t TN BE IR 5 AR 25 T fig A RUEE DT
P JE 4 v ) Aol 2 e R A 2 T E I A9 A 3K
FB(Liu et al., 2021) , J&EE PR B R B 0 & A1
TP R AR E EAESN R AR T K
HEEAE, /AR O EANTE S, Sh
AR A A R B9 A AR T7 30, IR T AN TR ) 4
WHE . Bln, —sefefk (k7 B ) AR
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100 A NZ IR Successful invasion species 100 B
— ~ 80
g g
> >
= 2 60
(o) [
= =
Sy &
5] (=4
(i3 = 40
¥ ¥
e )

2 3 4 56
HIRAEY) 5 2 00 1] B D REAE AP 25

Functional similarity grade between alien plants
and native species

1 23 4 5 6 1

1 2 3 4 5 6

NR LW By PMh Failed invasion species

2 3 4 5 6
HIRAEA 55 2 b 1 £ S BEAR U1k 45 2%

Functional similarity grade between alien plants
and native species

DNH 7R % /R 3C)ME B UL ; DPH R 3% /R SCHUE BB BE . T IH, 51 B 27 3CHk (Skora et al., 2015) , A1,

DNH indicates Darwin’ s naturalization hypothesis; DPH indicates Darwin’ s preadaptation hypothesis. The same below. Figure modified from

the reference (Skéra et al., 2015).

K1 T IREAR SR 5 & LR AR LE S AR S

Chart of similarity between alien plants and native communities based on functional traits and its invasive results

Fig. 1

DREHEAR A9 5 55 it

Functional traits measurement and screening

|

IMRHI % i AT

Multidimensional hypervolume of alien plant

IIRERIR S 8 AR R

functional traits

Multidimensional hypervolume construction of]

PRERIS 22T

Multidimensional hypervolume of native community

NS SRR

Multidimensional hypervolume of invaded community

l

IMKHIN 5 2 L RESE I AEA DU PP
Measurement of functional similarity between
alien plant and the native community

REAHIM
Whether it is similar
or not

THREER RN i A S0 S SO i
Decomposition of interspecific differentiation
and intraspecific variation of functional traits

{ !
5 2
No Yes

REERINNER

Successful invasion or nof

Successful invasion or not

TR R 5

Divergence of functional traits

ThhrtRiE

Covergence of functional traits

2 i i P
Yes No No Yes

AL S

Dominant of interspecific differentiation|

NSRS

Dominant of intraspecific variation

A,

DNH DPH DNH DPH

AR R A AL ML

Vacant niche or niche differentiation

APAeHE N BB

Intrinsic advantages of alien plant

Bl 2 BT I REMEIR 09 S AR P AR T A /R R A

Fig. 2 Flow chart of invasion prediction of alien plants based on functional traits

AR B Be e 3 1 42 k| B A A 3 R R 1 R
ZAE I (Palma et al., 2021) . [, DhAEPEIR Y 2
FERNG 28 B T A1 R AR W T A4 R AL, S

J& L UMERRAE MY kBB A A K 5
Mo D T — St LA A < B IR R 5 ] R A A
ST (Liu et al., 2021)
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4.2 SREYE & LB EBRHEMNES

HAT, SM kA Y 5 £ + B 3% ] (%) D) e AH ALk
P g 2 A T R L — RO T AR S S
AT v g o ) ARARUAE T S 1 R AR A5
T oy — P T AR BUE S AL HY n gEPER 25 1]
K FB AR TR Z [ A B B K/, T 38 TRk
SN2 FRZ 0, JF R Y A & 1 1 3% )
R RE AR B 22 S P I 32 [) I B85 22 S MR Ay
#RZE (Geange et al., 2011; Blonder et al., 2014;
Bittebiere et al., 2019) . X, A< B 5% #l 75 il FH 46
TR R AT ANRAE Y 5 & A B T 1] Y A L1
P,

Hutchinson 1 n 2 i 142 FEUBE 480K A= 25 07 ff B¢
R IUAAITEAR | by 15 2 25 25 I A 27 1 S (] 430 3 1
WF5R #t T7 Ee Al ( Hutchinson, 1957) . X 28I R
A LA e A Ry A A A A A B A TR i A ] R
VAR ARER o %O A A VR AR SR AR — L W BT
o7 5 1 2 R R AR A R A FRUOR o Ak AR A A 2 ] (]
AF PR R FR B T DB o 3 A ] ) e s )
(AR AR LU 51 L R A~ ) A 1 o S e A R 03 4
(Rt n PR RS A FEU R 08 T 0 A7) o (1) 90 o A 58
JEEBA R RN AN IRETIR (ES)
It ELREHE W7 AH OC A4 28 1 A8, 55 4 HE T A A= 2540
4k (de la Riva et al., 2018) . HAT, MR B AR
RS B 0L S AN W 7 K A R 2 i S ity
BT AR S TIB S B, BT 2 O B A T
A7 ( Mouillot et al., 2005; Mason et al., 2008 ;
Blonder et al., 2014 ) A4 F 1 4R 4 R B 45+ ok DTl
SR AR SR Z A S ES, IR
ARG R RBOR TN 3

ThRE AR AR B 2 5, W LAGE i 155 2 4
PR 23 [i] r 8 A BRSO 22 8] A KGR 25 | 1>
PRBR B o — 1A B 3 B LA B AR R 45 ) 22 () 1)
Jaccard AHARLPE SR PEAN 4> Rl 4R 1 B AR FR 254 2
5] %) T3 BE AH AL P ( functional similarity ) A1 4 2537 8
BEOL, o, Jaccard AHALTE & XA P AN HE AR R
Gk 22 A 0 MR FRLIER LA T A 8 R R 25 R T AR
LN
4.3 MEERMFHES K EMATRSHF

Sy T VAR B R R 234k AR P 2SS X D g
PR 225 [] A A T R AT DA o P AR A S O i 1
ARSI (Leps et al., 2011) , HETE A E U0 cati”
HZ RIES BT LU SE B ( Taudiere &

Violle, 2016) , HIEAD BRI . 556, TR AE
FETT 6] b P4 28 S A0 b o B MR B 5 Ty T
WE AL 45 AN [ B D5 (BFR S8 ) w4 s e, o A0 9
ANTRVREDT (BRI ) Hh []— oy Aol ) P AR AL A Ao 9 28
Sto BRJE T BT R D5 R R — PR g PR (R, 3
AR5 T, IR RBR T R — PR i Fp
AR5 BT UL T, R ALEE iy RE T 8] 4 b A 5 i 5 1S )
PRAE S fm Bk TR TR T, 2 2% AT LA T
PN HERAS S7 TL AN R/ TR AT

s
T, = ZPi XX, habitar 3
i=1

r,= i p; X x; 3

ry=1T -T,,

e p NS L ADYIF R LB xR [ E TR
AREDT A L AP0 PR A 5 g PR
ASYIRITEA ) A= 555 v 0 A MR AL S S RV R Y
Yy S

5 HIREZR

Rt 51 A AL AN R 5 &
AV (R AR BE 0 T A TR MR Y
Aofr ] 23 A6 FI R A 228 S 1) 20 A UL R 4 7R A SR A A
RALTIE AT RE IR AR . S X S X AT AP ok A
Py A\ AR T i) A (H R 3 2 SR B Y
T I 4 —SE A
5.1 NEREE KRB

RGN EEERTED R AAZ P 1 =
MIVE T (B S A W) 2 R T AR, 1 20 2 58
DCIPRE AY BRI, AF 358 2% A AN A2 Wi A1 R 4B ) 1Y)
AN, H AW £ W Fh %) 20 5 ( Richardson &
Pysek, 2012; Pearson et al., 2018) , ¥ 531t &K
SRR RE AR 8L B 1y b 45 07 08 EARH I B9 A
AL, R N & R MR [ ( Bazzaz, 1991;
Lavorel & Garnier, 2002) , )2 , 3 4+ HE & 2 {di 15
Az S ALARA 14 1 b G ¥ 3 A T 6] — R TR v
PRI 25 2% OC 2R B, 6 I 4% 1 A ) IR
HaF & HL(Webb et al., 2002; Ackerly & Cornwell,
2007) . FREEREUEA A YRS PO AR I E T A
RAEPPERRFAE ) 3 A A% SRy . — MO UL, #RBE r
FEBTIR (WO Ko 5 ) BB D E T YR U fg
PR 1) 43 47 Y8 Fl ( Fargione & Tilman, 2005; Kraft
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et al., 2015) , AR P FHEHLHIE T PRl PR 2L 7 7Y
Jr RN AR BE L AP ORAE W I A AR o B R R B A
U8 ) S A RN N IR AR S AR 0 2
g, X AL AR T 5B 0 B 5T R B, 78 BE IR A o PR
IREE SR A1 & - P Fh e otk AR AL, 3X
AR T IR IR SCTAE AR ( DPH) o SR, 7E B A
AHXT & B FR BT SR A A S A W A P IR
AL S RAE R B BB AR PR PR (B
e R B T AR M b AR R ) X IR IR S
IS4 AR Ut ( DNH) $2 fit T 3 #F ( El-Barougy et al.,
2020) , FEXS Hp IR ML X Y 6 B AN [ A 45 2 A
AR T FE W, S0 ok W b e A8 0 5 v i 2D
A I E R R RS E, A, 2T
(R AR B T SR AR N AR R AL A
% 1) 2 Sk SR o AR Y AR A A A3 TR] B PR S T
(Wif1%% ( Divisek et al., 2018) . Bk, ¥ — 4 T fi#
IS A n ey e S R W) AV 1) Bl R 45 4 N AR S A
FRE AR LA RS 30 A ) BR S 6 B b ) A R A ) A A
R ER, L5 FAh, BT I REMEIRAY
TSR B 32 FE 3 7% S A S5 A A 1 EE
S2FEREMNEENY

R B 22 1 W58 3R B, 3K R SCRY T S X6 57 1
Bt I A — 22 J2AH B HE % 19 ( Carboni et al., 2013;
Park et al., 2020) , A, fEA [ P85 5l 25 8] ]
T, B RB AR T LA IE fff T A= ) AR 2 2R
40, Meta 53477 4 B, 51 34 1 0>k ) AL Jay 3R EE
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