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Effects of exotic-native species relationship on naturalization and invasion of exotic plant
species
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Abstract

Aims Darwin’s naturalization conundrum describes the paradox that the relationship of exotic species to native
residents could either promote or hinder invasion success through opposing mechanisms:. niche pre-adaptation or
competitive interactions. Previous Darwin's naturaization studies have showed invasion success could vary at
stages, sites, and spatial and phylogenetic scales. Our objective was to assess the effects of exotic-native species
relationship on invasion process of exotic plant speciesin China, where related research is still lacking.

Methods Generalized linear mixed models were used to examine relationship between exotic-native species re-
lationship and performance of exotic species at different spatial scale (provincial, municipal and community) and
invasion stages (naturalization, dispersal and invasion). At community scale, we measured environmental factors
of communities we investigated to control the effect of habitat heterogeneity among them.

Important findings At the provincial and municipal scales, exotic species closely related to native flora were
more likely to be naturalized and distributed, which is more consistent with the expectation of the pre-adaptation
hypothesis. On the community scale, the exotic-native species relationship was not related to establishment and
abundance of exotic species in the community. The results suggested that exotic species did not strongly compete
with their close native relatives in communities, but were better adapted to areas where their close relatives had
lived. Considering their high potential of naturalization and invasion, special attention should be paid to those ex-
otic speciesthat closely related to the native florain the management of invasive species.
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b AR B — AL ERE IR, Ay B
E SR BE Bl T, b DX ) 4 o 58 46 14 B 48] 60 2 i)
BBl kK4 fin(Campbell & Mandrak, 2017). #734hk
VIR RE T A XS AR . BT
[5G B 1 P 1) 5 R (Mack er al., 2000; Pe-
jchar & Mooney, 2009). X AEPIN IR HI ™ IR Bk,
TSNP R E R AR S R R RO A&
¥ 5K T BRI B A L (Mack ef al., 2000).
S BRI 5T IA G NAR ol 1) Ty B SREALE (50 2 5 IR
FIF - AEFEVE IR0y HURE T RIRFHE) N T, agh
AR W) Bl i) 36 % 45 4 (Baker, 1965; Rejmanek &
Richardson, 1996). #AT, XL 5 AN RERS H—E
45518, S5E NIRRT LR AEAE A [R5 1
A 85 HhAEAE IR K 25 5+ (Bezeng et al., 2015; Li et al.,
2015). fif H.— b 55 B (1) Th e MR AR A 46 ) A
T ERNKER N IR 71 (Bezeng et al., 2015) .

HAE18594F, TA /R Uik B R 1 AR FhFI A
Hi ATl 5% 5 9K 068 A1 Sk b s Dy U1 44 1R 8 1 (Darwiin,
1859) . iX N N AR AR T TR T a7 B (1) 7 22
HEZE, TR X A R - A% H Foft 5 5 R0 A1 SR b AR 5%
FRHATHFTE, T LA (6 b T R L 4 o 25 5 1
LS ARG R N 1R (Strauss et al., 2006; Marx et al.,
2016), Rtk —EZBNZESERZIIEM. BRI
IR AR BN R BT [ & I A (B A7 e 5 B 5 4, 1
A R R A R T, B S NI R L B
TRAEFF () B A= Foh B (1) 7] BV 98 /) (Daehler, 2001).
RN, 158 SCFIB R B SN RFE & A F R
A HA (1) A B VA AR A T AR, RO EAT TR
A A AT AL RRAE, (X 2 PR B A B 4 1
&N A R R A, B TE B AR 5 (Daehler,
2001; Diez et al., 2008) . B il RAESFHIKE, 1X
PR AR U IR T A R SR  IAR A SR ol - AN R VR O R
P 25 5 AR B R Ak (BN AR 11 2 R (Strauss et
al., 2006; Thuiller ez al., 2010). JT2053K, A& AT
X PRASG SEPR BT T IR 2 SHEm 7, HAR 3] T
BA—EHIZE R (Thuiller et al., 2010; Jones et al.,
2013; Maet al., 2016) . 3 /R SC VAR e AN 0 M AR i
PR A A FR 9IA 7R SR HE B (Diez et al., 2008).

BTN IR STV AR PRI 72159 21 1R 7 6 25
FH AR FIX SR SRR T X I R DL S AE N
S MEZRFN 5T 78 (AN [ (1 25 () A 22 RUBE L 1R
B BEEMNSHMESXIF) IFTEERER

(Thuiller et al., 2010; Richardson & Pysek, 2012; Li et
al., 2015). 7 [ REEMINAZ B B A e AR A
AR AL B A EE A FE(Ma et al., 2016).
A Ak IR SCAMARR 15 T A N B RS
MNAR 165 (2 g B B Bote A/ H, 1 Pl R A 156 )
REAE R RZ AL B 32 5:/E H (Diez et al., 2008;
Thuiller et al., 2010; Bezeng et al., 2015; Li et al.,
2015), {H [F] i) th 47 76 1R 2 A [F] & WL (Jones et al.,
2013; Maet al., 2016; Campbell & Mandrak, 2017).
EH T A SR AR A St M (B £ A7 B9 1 T AN 2 B
ZRIA B AAME(IMT R ST M Z) M0, PRI A 500 5]
(1)1 2R i 2 B Y0 ] (R 28 RUBE) W A/ SR A AR 3
Bh E AR &5 R B B 252 ma (Thuiller et al.,
2010). Ji4h, HPRFPIN AR I R 52 2 Fh DR 3R 520,
Horh A B S A A SRR T o AR SR AR AN R T
HPRANBINAR AL, T EL [R5 Wi A 3 P Aol 1 2 1l
(Chesson & Huntly, 1997; Shea & Chesson, 2002;
Richardson & Pysek, 2012), MM S0 &1k Fl-A<
SRS SR B FER KRR BARHE
B A5 DAL R — i FE b % 18 1 7 A) REEFI
NAZBY BRI, ABAE A 1 e it e TR 20 2%
e R RS % = 5

BEAN, 1K IR S A HE R B AT 5 v ) 1 SO
(Jones et al., 2013; Campbell & Mandrak, 2017). H i
KBRS EE XS 1K IR STV HME A 78R B ABSE I, K
FEAITERR, >k B JE AT R 32 PN (%1 . BROIE
NG TEPSTIES S S NN S Yod v 2 S S PN S
TR & R SOE AR AT e+ # b e O
(B TR B, AE LI A0 R A SR Fob B i N 1R
7 5 A A Ee A5 B ARG T FR At b 77 (D L2 B 0
[X #%)(Richardson & Pysek, 2012) . Rejmanek(2013)
i W R SRR g s b s ek HAth AR MR e R
TR AT REX SR Ah MR AT S EE U . BRI
SR R DX 3R] A A (B ERT) 22 v AT A e 3 B AR
HiRE P 1 R (B R B A A, AT 0T A SR Ao - A
FISRGAINRANAR R R . TR ERE X R 5
FEHABKEY) X RAFAE) 2 IR (R AEHSE, 2010) (1)
5 U RT e 23 5 T o [ B A SR - A b R 0% 2505 & DA
KAMRFPAEFRE B ANAR, 7= 42 1 Tt
FHAM TR RN KSR Rk, A0S A
TFREET X6 1K SR ST YA M ) B 7
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s YRG5 3B BUR TT T AR Ap- A il 2
PR RS AR AR SR 10 50 AR (b T 2 1 PR A, 7
HORTE TR EERAT THETE, fad AR Rt
T TR AR, fE48 SORUE E3RAT M 1 ecde i
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BN R R BIRE . ASCK e 2 REZ R
BRI ER 5 0 M, R IT A Rl - A 1 b 2% 2ok AR 3K
[ APRAE AR 520, N3 E AR i6 A
SRR AR -

1 MRFEE

1.1 HERREDHHEIERR

A A ) Fh 2 44 SR L IE) /N ES 25 (20140) T
S X (2013) (4R TE M - AT T SOk HRoE . B4
VA ARAIC SR AL B 2R, B R E
HRSRAEIBISF, Filt—DARYE SRR A2 5
AR EARMER A A VG DR TR
e, KRR BN, PEAR. BEA
&y — NI R UMEEEEER . £ 54X (2013) F
) CRPENRED ) FHEMGIE T IXEs R
PN LR A . T ReR s R (E
T W ZE2) B () B, 3R AT A2 0% 78 43 AR 1]
P54 [H G LR DL S5 A A BLAE, ASHE 78 1%
AR HERR 1 SM(24TF) o

BN 55 142N 1524 8, A4t
T EABRANSRA SR, UERS TSNS H
16 X ERELAE T AR AR A B A s 4. Ak
FhECE ST HRYE (Flora of China) (Editoria Com-
mittee of Flora of China, 2013)f#)1c %
12 HRREDHHEIERE

KFWHRREERI AT, BATRA CEN A 4
EHEM AT (T Wi, 2016), WF5CHA 4Kk
7E 35 N H X (11784 x 10 km?, P& K & 1113
2494 mm, FFESRIEL8 C)MIALIEN . AR

I TS AR RAE) 2 15 BEAL AL B M X

AR (WL B IMRAN R (E/N4E,
2014b) LA K Clla N B A 4R R 4 3% (T Wi,
2016) R P [ AE WL A HAHI AR 4 5%, 1B
DN RAE RN VAL TR AE SRR A

1 A% (2011) 5 A4 55 %5 (2011) 200520064 X
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TR HE X 114N B (7)) X I1744 2 BT A T A,
A B 285N A L, TEAlICSK T BN A AR
T BIFP AN 2 BE o EIX 26 4R TR 7 BRI LA L,
BAVGETE T BF P A RAE ) () H BB (53 A 1R A
R, E XL T AL Fh (645 75 IR b X 3 R B
HIFEPT o
1.3 EERERATMHERE

201420164 (Bp4E15-12H), FAITEHTTLA TN
IKTFERRIX (1502.1 km?, 4E[47/KE1 3955 mm, 4
FHIRIR185 C)HI 2 M EEIL . FEfth. B, #
GEEAMHTT 7109 m x 1 mERE RS R )T . Fh
ATTHE B AR USG5 AN RE T B BT AT b 38 2 A4 K,
7 [ SRR = JE AT TREAT VA2 AREE T R THEOF
YE . MME 4 R4 (Flora of China) (Editorial
Committee of Floraof China, 2013).
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BRI, X FGZ130 IR . TERETT
FIANTH S AT O A B 10 emiR i) 338, 5 B oA Bl
BORHIME R JG G FFNEFE T M. Bl =
3T IR pHE (PHTHZ) . 2% & =LKL
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(BRI EE) . Ll 3B 1 5 () B AR 43 By
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14 RAGEHAKRRENERESNE
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FHRAE-EER, WINMHARE S HM4 6
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o P A 6 R 35 1 b X 7T 0 RS ()33 AXARS (2 45774,
A 1AL R . PhytoPhyl ok B AL A f& 7 Zanne
25 (2014) FR ST HEA I EAR . A R
T A FE R 7 2 B8 A Ak A B R 1 H AT K
55T P LI (A1 7 PR b AP (0 b - R A A
(Zanne et al., 2014),

FAUEH T QianFdin (2015)%% P& IRTE 5 B %L
S.PhyloMakerflIR¥ 442 “phytools’ (Revell, 2012)3k
FEAE EIRPEAS AR o 2 R D AR 4 573
IRhisE, B4 148 T S.PhyloMaker B B AL 553
B e F BLADJISE VN 1% Se P ot (558 ) 48 A\ 3] itk
TR AE R (BB A o W5 i DX AR RS T X
TEVE BOHEAL AR AR 43 53045 1 135 (7 5 5071 46.29%) F
89 (1H LB 11131.9%) Wl F 1 75 14T

HT T 50 e 4 [ R %48 O A A,

TEB R BEHrep, FRATTCAS Ko i 7 J 11 A5 b AL
VIR B E AT AN R R S AR R SR 4 BE 2 (Diez et
al., 2008). TETT R FBEE RIZ I 0 b, 3]
K FH A SR T 5 B T8 (BIX 2R) HH SR St il (R A R R )
T 2R R B (DNNS) /M A 55 FLAERE I (B X 2R ) T
A A K (7 240 R R 25 (MDNS) 1 i &2 40 K
b5 2R b b 2 2 BE 8 10 B2 (Thuiller et al., 2010).
Thuiller5(2010)\ Jy 7] UL E $: FHH DNNS MDNS%51%
FARAVEFE bR B 7 RGPk T R0 RS, B
FARME AR S ) P ) 3 5] U1 a8 11 3 R S5 R
Tl 2 ROFE K
15 ANRMERERE
NRIEFEAT L A — RII B A5 32 B OG
WA R EIN B A T FFERIE
I, TEREVE RS ERRATA RN A 2 Fa bkl
SINJGEEA M 38 57 fE H R YEFE O FP #E (Diez et al.,
2008) . AT 55 J ) A Fh FR A G LE AH B HbL X 3 ST
H R AEFF ORI BE AR UE, [RIUEFRATT DA A SRRl o2 75
TE HE 1 H ISR A B PR T AR b I A . T Ek
SEFRAMSRFE SR X AL 5, AWl T4 B s R O
AN R, (AEFE 2RSS, A USSR TE
FEH0 X BRI AR (o 8 1) AR B ) SR AR AR %
X3 BRRRE o 1 fE T A2 48 SR PP FE V& g
WA, = fmERIN B AR LA RN
) 2 FE R AT B N IS e AR . B And
U € X5 73 A R O, anBeR XS A 97 H
0] LAE B R AR SR Bl 7E B 22 3 04 /N IX ek S R

H1k
1.6 SItEEMERE

GRS AR Z2 B IR BT T IE WA 7T APk -
A H AR 22 5K Z o0 AR AT N AR IS AR 4 LA B
(R0 (Thuiller er al., 2010). FAIG— KM X4k
PEVR A BRI Y ] 56 RUBE R (s 34T 20 #r:

1; :x;rﬂ+2;r”+5i

NG R B I R AR B, x O C R
AR B B (TR FEFE), S [ E RN A [m] 5 2R 3
[, 2, C AR T 221 5 206 B, it BEFLAK
RIFIENE R A&, et BENLRZE, wlleH BT,
KRR E i = g(u) v ¥ RIS By 26 A R B i S
R itesR, FARMEY A [ 24 K A R FE Q.

EBRRE b, AT S RIERE (H IR XL
ELEET) DA SR M E N R AR &, DLS
TE&A A AR MR B E N R R &, BF AR
Fh-A M AR GO A s o BT SRR b
HAMEIST, &4 67525 1) W AEAE H A% B
BB IR K E S, AT R M8 0 (H 76 X 88
BAET)ME N ARty 24 &, iHHbE
HURN o FH T AR B 4 Poisson g A, 3 B ) STk
BRI g (1) =109(1;) o Z AT I TE AR B2 4 E 1)
142K Ah SR (B ) i3 N B BARIEAN 4 107 514 1
AP EE TR AR IR L, — s kRS
LRy (1) A HU R ) X R (8] ] BE A7 R R 1% R R
BOERNERK), SFEENA RN SO EE
(Thuiller et al., 2010). A4 T KX M 5%, FATE 5L
VT S IMRFI BN T, SR HERR %4 Bk
TE A Hb A5 T A Sk ol 11 Ji (B Bk A R A o A R AR
A2 ORI EE) J5 Bl — UOBLRL 3 BT, LB TR
SE RN R B % 5 (Diez et al., 2008).

EMRRE L, HEFBATLLDNNSEMDNSTE
NEREEAR R, DL A 7010 142851k F0 2 (1) &
(O)TERMIAAE MR A&, AR AE A5z a5
P IR W 7 2 AR B ST VR A BN AR B (Diez et al.,
2008). AR S HE Ny WA, KRR g(w) =
|og[1_Lfﬂ_j, Elogith B, A HTIIBTE B IR
WL R0 (B EE) PT L B B9 BlOdE NI . SRS,
AT LA i oK 2 (2010) 77 3 M 1 7 21 1) 644 AP R B (1)
HH ATV S TR AR s, ATF T A0 SR ol - AR i 53 250
X LG AP SRFIAE NG BRI . B SRAE Y 8 H
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BT B B 5 VA AL )45 X (Diez et al., 2008),
% T DNNSE(MDNS4:, FATH 6449 7E A [E 15
AR — I N IRRRAR B AT VAL 7] 43 B 5

AT 1) 18404E LART; 2) 1840-1910; 3) 1911-1949;

4) 1950-1979; 5) 19804F K LA S5 o %5 #T 1) R A2 4
i Ay Poissony A, Ik R K H 0T B4, [RIRE LLRY
A s [l A B EE (1 W 7 22 AR

ERFERE b, BATE R VB E R X %
WA B 1R (L3442 At BLAERE 7 /B N A
A, LLAN SR P AN AN B VR A R R PR
(DNNSHFIMDNS) VA ARG AR S IR A L
7R R () AR AS B, ST Logistical FRE AL, SR,
FRATTCASN SR A2 tH ILIRE J7 v (0 6 o 4 Dy DRI AR
B, AR Fh - R 11 R 5 25 (DNNSHIMDNS)
AR I 852 s ST 2R MR TR A RN R, BE T AN SR -
A IS 2 0% RN AR X LE VR I
FRERERI . {EIX PN R, B FIREAE A
e [ AR R BE AL RS . O T I D IR AR B S 4
B 2 AL, TEME S BB BB 2 1,
AT SR 124N B R 7 34T T 3 0 & 4 BT (PCA),
& AT S5 (B & T 12 IR 85 R 7 75.53% [ 4% )
BEBNZR R R EARSEE (T4, 2012).

2 HERMOH

BRRE Lo RER, EREHR S
1R AES B LBV kR & 5 R 14 5
i (A o R $ i BB 3 IE AR G R (KI1A), BITEY
A A 2 I SR A H R () A R P BE 25 G 7R %A SR LA
o B, HIRATHELES W BETC /M R J0 A b Fof
14 (O O" B ) FE R 5, — ARG MV & RS AR AL 1)
AT RERY, KRESE AR E 5 1%
JBAEIZAE A AP E B T G (K1B) . i RE I 23 4
SiRIER, AERTHR &4 B A HFh o4
KRR, SEESE NI R EE S ZE1E A E
R E AR A B B2 IEA S (1A, 1B).

TETRRE b, — MR VR A RS T S &5
R RIRTEWL R FOE BRI A6 LA e AT 1TE
TN 9 BOFE B 55 DNNSH A KA A AL AEAC 2 47
A%, M5 MDNSTE S (KEIAC, 1D). X ik B 7E#R I
TEAE S AR P B 406 RO A RIS, KA
RAHIERMALIET 2 1 T RATH L5571
RSN, HOE BT (R, R TR
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AT 53 Hr 45 FER B A AR AR A ) PR 2 5 72 iR
MIALL, oAt

TERRTE R b, — R Mt VR A RS B o b 2
B, A1 SR P RN B Vi A R ) 3 R BE B9 (DNNS Al
MDNS)5 2 B2 N E TR, I ER S5k
PR IR N 2 U S R (EILE). XK,
A AR A TR RS 5 1R N A MBS o A
ZENT o, PSR IR 1 18 125 Y o i R 1) O 22
14.48 (df = 6, y*falp = 0.02), 1EFI &2 . A4y
M &5 Bk R, AP SRRl RN B VR A Hh R (3 & R
(DNNSHIMDNS) 5 41K Fp 75 B U5 o i o 12, B
ERRE LR E R R(RILIF) . PR T8 1% th i
Bl 20 585 (df = 6, YK %ip = 0.44), 1EFIH
ENTE N
3 g

AP R - A HL TP RS 2R 0% RS R R AN
AT R 21T 204 R N R AE A S i i %
1) 1] 51 2 —(Thuiller ez al., 2010; Maet al., 2016). Fi
NIIVF 2 01 58 3R IR FE B R (W IX 35%) |, HAH:
PSR 0 RIBOE I AR PR &) TG ER AR, TFEEL
N ROBE (W0 R 3B A — A 5K F) b, a4k ek
NZ ARl 5 A H A 1552k R (Diez et al.,
2008; Carboni et al., 2013; Campbell & Mandrak,
2017). A2 REZ NMZUr Bt FiR B, fE8 %
AR (X B)RE ., S5AHFN RS R BT 4k
SKABEY)EAG W] REAE M SRR B, A PIOE AR
YLAITIUN; TAEREVE (R RE L, ShRmh-A
SRR B 5 APk TR BRI T e e ML fa
TR

TR R FAFAAE S s A S e i, A8
APEME M R B R AR RS R E L, K28
A2 255 NN TIUE BB UGN, 3 BRI KRE B
(Diez et al., 2008; Nathan et al., 2008; Thuiller et al.,
2010). AWtFRMSREREARMTRERE L, 5
AR 25 0% R BT A R T4 RAEYIAE 2 b )5 b
JBt, B RE T B . FREAME X R
woRNHZ SR A X RAEETZBR(R
fiFi4%, 2010), AITTA FIF 5 2 HhAE )55 ZAH I )
ASRFHALBIA N IX . Bilan, ZRIEFIIESEH X AT
TERE AV R R, e b B MY IR &
R A A AR, i R R E R E N AR (E/
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The number of congeneric
exotics in China

e— B

A FRA RS
The number of congeneric |
natives in the province

Ol e e e ————-
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MDNS H—— k A t i

et v —e—i
Period of
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DNNS —e— E I * i F

MDNS - —te—

AR L o
Period of

naturalization

1 1 1 1 1
—0.5 —0.3 -0.1 0.1 0.3 -02 -0.1 0 0.1 0.2 0.3 0.4
[B] )5 22 %X Regression coefficient [8] )5 Z2 %X Regression coefficient

El1 FEAHAE AL SRR A FETE BT 2R R 25 (DNNS) A A R Ah- A Hb B T390 2R R 25 (MDNS)EAS [ R BE 5 7k
KAWL TR EEREm. A, &8 RBIEMEEREZN. B, X &4 B IFAM SR (R0 HE). C, Xt
HIRAEIR MG IIRENT o D, X NAZFPLEIR N ISR R E, XEAMRMP I NAR B IR . F, XTEE AR
P2 EREM . LERBERESHIIBREF XA, BEN0L. BEESLLBAHZ R RN EE R RE . FKF
R EEA A 1-62%, BB VAP AEAGRRI, K [m] YA 22 80R SAE I 22755 VA AT T T 0 AR 75 A IS Yy B R 2 B A 2%
Fig. 1 The effects of the number of congeneric natives, phylogenetic distance to the nearest native species (DNNS) and mean phy-
logenetic distance (MDNS) to al native species in the same community (or flora) on naturalization, dispersal and invasion at different
scales. A, Effects on the number of exotics naturalized in a province. B, Effects on the number of exotics naturalized in a province
without double-zero records. C, Effects on probability of exotics successfully naturalized in Wenzhou. D, Effects on frequency of
exotics naruralized in Wenzhou. E, Effects on exotics successfully invade in communities we examined. F, Effects on invasive spe-
cies abundance in communities we examined. Solid line segments are 95% credible intervals of parameter distribution. Dash lines are
zero lines. If a solid line intersects with a dash line, it means the corresponding coefficient was not significant. Period of naturaliza-
tion, evaluated at the species level, ranges from 1 to 5, with 5 being more recent naturalization, so a negative coefficient indicates that
species introduced more recently perform inferior.

¥4, 20149). &, MG X R BRI HE 2 EE . FT

Wu%E (2010) % i AR AE D IO R T FE R B R IZAR SR I BB A R . XU AR %
FNRZERZFVWESRE EMANRIEE. SEh SREAE LS, Ve R R it B
5 (2000) % H [ AN RIS X R AL SRR A DX PR, SRR AT A o AR ABL A A oz
TR X AR R G HE MR R e RGN R B IR G A A T AR Y
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VA AH f B DR A

bR 7 A (A R LAAL, 1S RN E R RN R A
AL FE R LT B J5 ) GBI &R, TERF AR
BRI 5 R 7R R R ECK (A fe NSRS R
i 1) o A 2 (R A b o) PR A% 00 T AR SRAE ) 23 H
I IE AN R, D] A= 35 T 98 AR T DR R s K 46 () ]
fE(Thuiller et al., 2010). N T HEBRANRFHIR S A
TN FE T e, FRATHERR T %% BEJC A Hh Ff
W TE A RT3 A1 8 5 (R 45 /N 23 R RE) 38 4,
SERRPE R R JE /MR 518 1A
FEETG G, XULBATEIR —RER, SRS I
LS AR AR A e MR

1 A S5 (201L) [ 9 25 SR 3 BRI M b X 4 Sk i
Yoy Ak s EEZ AWM . REFR IR 15
M, 15 IR . AT L5 R BR 54
MRS 206 R BOE A R T4 RAE I E IR I A 46N
Y. XMERTARE. NS g R4 2
AN, MR N AR b A 55 0 TIGE AL X kA
TERM IR FE B A EE{EA . Diez% (2008)
(AT 5 2 W 758 7 =2 B 5 =2 Ml [X 90 SR ol - A Fofr 5%
G R RBOASRE R AR B, (EAN R 4
KA . SR, A RN S A RE KRR
BT A A T A RAB AL IR 1 X () =5 4k 5
FITHY B XU RIMEEY B B, A RFh 3
b o3 23 0] AR 2 R AR AR AT K A SRR
INNR I FE A R

BT IA R SV B A Zobh |) B K i AR
BALEF DL BE 2 R SE S B B, AR
F— NIz £ BN R E R I (Diez et al.,
2008; Thuiller et al., 2010; Li et al., 2015; Ma et al.,
2016). #ATM, FRATHIRTFLLE K, fERERE -
B A ZE RS, SR RFR-AS P R 2 R B 5 Aok
FIERRIE IR NI 55 R e FRE . X Fp

S 0] Be 5 A T R R % (Castro et al.,
2014). Thuiller%s(2010)IA At F 1% 2 )] B3 b (4
552 b o B) R 1% R BE B HEAT), A0SR AR AN A b Foh 2>
Rl A= A5 o0 A T S 347, HAS 32 25 () RUBE 520
ATLLER T 34Fh A K AB 3T 35 74 () DNNSTE AN f
AN o 5 BT R R T PR A A R ) ) B 1
RIEE(NTD), FRIAEX— RJE FDNNSIH AR5
O WS /N T NTDAE 1) AE 5 96 B (B3R 11) o 3 350 AR
FO L I REVE AR - A i R RO 0 A
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HRE Y IE) ELSE RS REER . SEFSIX A AR
AL ECENARHFN AL, AR AA A 2
M OREE T & EMAER AL, NI ERIE T IX Le4hR
TR A R ) e e A A7

Bk FE, RIFRRGSGREN, ER—RET
AR - A% Hi P 57 2 00 R 0 AN AR I R 11 R i 9L
AENRBEAF AR . RN, ShRFh-AHhFh
G R RZBOE A R T AR B A R T Hy
B MR SERS X BOREVE T, A RFp- A FR SR 200 R
XK R NS B RE AR TC s . IX Rk H
T H AT A T 25 RA K —E(Diez et al., 2008;
Bezeng et al., 2015; Li et al., 2015), B o [ 1 (X i
AR - A% iR 57 2% 00 R 6 N AR L R A S i ] g R
A HHFRF R

HIHT N T 45 R, AT g R ER TS
WAE XA R R B, B2k, ¥ oL 2
faEFEREE, MDNSSAMRM R FRHBA W& K
% (Carboni et al., 2013; Skéraet al., 2015). ¥ it K
Ui, TEREVE T OUH 2 Z RS I RFE ) IR D 247
TEM FEAR AR 22 S A K, KB AN A A AE
rh SR B () Th it 2 57 (Skora et al., 2015). Skorads
(2015)fi5 tEAEAN B OL T, SRR AT BEAURI > B A
R U o] B 5V 2 AR BL, AT MDNS
AR AT K, A2 BRI INET, MDNS£22 45 50
ANWE . 37, I8 /RSCHE H A VA A AR Ut A Pl
AR 1 IR RS = A SR Bl A 5 1 G Fh (IR )8 4
FVETE S B 1% & (Darwin, 1859), 11 MDNS1] & )
FEAN KA B RS ATV (BX R) T A i)~ )
W REEE . K, MDNST] B8 —AN55EkR, 1EIER
SCYAHE AE T2, % A R 2R B S R e
WRa A, DARA LR B S e A0 SF Folt - A i o 53 25
KA KA NI FE R FE A .

T (2009) 1) H [ (1) 40 S 4 (1 i 9 35 B
AR IE TS X B N AR N AR AB ) T 5 B8 1 48
Py FA LGNS TR R R IE AR G o 3R R A 5] NB ]
R A SR AN AE 51 N HOP™ B0 B [B) 48k 4 (Diez et
al., 2008). 2R, AL R ER, BELET R
FERIRE R, 76 B AR aE AT, AP RAED)
FEIR N E A AT BE PRGBGSR
TE AR DXAN [F) B 94 Hh e 1 A h () o] BRI o X
(28 ST REAS R4 e (1) S 801 . AR AR
AL RIREY, B 2 B [ 3 ek 3 28 AT 8 e 3 o7
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PEEARE B 22 BE R AR AR, T e A T4
BRI R T A (E R ARAE, 2011). A
Ut AR RRAE 2 R RS N AR B B AR
HATHEUFRIR I -

4 ZEig

AW AN ) 25 AR 2 RO A FENR B B,
RIT T AP R - AT A 5% 255G Z3 0] FR I SR AE YN
ISR, R X (A FATHR)RE b, fE
Ay B A ISR AR S A By A 2 S AR
B, BT AR JR S () RUBE A 3] A1 SR - A 3
TSI 2 9 26 AR AR VA D fs SE AR S (RS o A
FEE R IR BAT S A HL X RSB RB0  R
A REEA R E N KRS . R, 724 5 B4
SRAEE B B b 55 SO0 AN LA AR B A
LRI . 25 B BIA /R SO HME LA B
{45 S a1 (Jones et al., 2013; Campbell & Man-
drak, 2017), A LEAER KL NAF R A [F A4
ARG REAEMNR IV R JREEATE RGN
5T

it #IRFERGEEMEEZM TR PR
BET R B, BN KF T R A4= F Hdz
AARAET CRMNIFLLE RALM & KD HIBAIR
M3 RSP A F 6 R4 ST, TKF RAHE.
B FHEAKERFR F AR I KA
BEHE LA A T F 053, As—FEH
BT g K3 A AL 377 3h 3t %) B3 g A 3t
%% B (2018R434005) %84 .
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