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Abstract: Many hypotheses have been proposed to explain the mechanisms behind biological invasion,
however, these hypotheses have not been placed into a unified framework that could then be used to
comparatively study them. In particular, whether exotics ecologically differ from natives, and how ecological
differences between exotic and native species could determine invasion outcome, have been hotly debated.
By categorizing exotic-native ecological differences into niche differences and fitness differences, modern
coexistence theory provides a framework to place different invasion hypotheses and mechanisms into a
common context. This framework emphasizes that invasion success depends on either a niche difference
between exotics and natives, or that exotics' have a fitness advantage over natives. We review the leading
invasion hypotheses and find that most invasion hypotheses can be incorporated into this framework. This
framework can well explain why exotic-native phylogenetic distance and trait difference have complex
influences on invasion, and therefore may help to reconcile the long-standing Darwin's naturalization
conundrum and the debate regarding the value of native versus exatic trait comparisons. This framework
provides a new opportunity to better understand the mechanisms of ecological invasion.
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Fig. 1 A conceptual diagram using modern coexistence theory as a framework for invasive ecology. According to the framework,
the invasion outcome depends on both exotic-native niche and fitness differences. On one hand, increasing exotics-native niche
difference promotes the success of the exotics but hinders their impacts on natives. On the other hand, fitness difference, here
measured as the fitness advantage of invaders over the natives, could enhance both invasion success and their impacts on native
species. Adopted from MacDougall et al. (2009), Cadotte et al. (2018) and Li et al. (2019).
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Tablel Leadinginvasion hypotheses and their relationship to modern coexistence theory
it E X SR ZE SR FEIARYFh I TR HEZL T (i SR
Hypothesis Definition Ecological  Interpretation under the framework of References
difference  modern coexistence theory

TARESBBUL S RFE 5 SN AR A L2 A RN ES SRR SRS E S S Elton
(Empty niche  ZS AL, HEMSEILRII AR (niche REBOLNAETE, RENE (1958)
hypothesis) (Exotics successfully invade when occupying difference)  (Exotic-native niche differences create

niche space unused by the native communities) empty niches and promote invasion)
IR SRR R R AR A U R B, TR BN ZER 2RV BT L E AR SR A Elton
(Biotic resistance AEZSfr 5 /b, KL AE AR (niche ESMESIMAEL R, WHANR (1958)
hypothesis) (More diverse communities have less available difference)  (Higher probability of exotic-native niche

resources and vacant niches, preventing invasion) overlap in more diverse communities

inhibits invasion)

BEURNLIE B NRHB SR D TR BE, X AESMER SRR E MW AESAER FBANRM  Shea&
(Resource Lo PR R 2 R L E R BRI, ReEs kAR (niche th SRS ) 0 T BRI R AU, kAR Chesson
opportunity (The resident communities are more susceptible to difference)  (Exotic-native niche differences makingthe ~ (2002)
hypothesis) invasions when they contain high availability of essential resources of exotics available,

resources on which a potential invader depends) promoting invasion)
WSS R R A B E 2 RS, A kF BN ZER ERTIERE IS, SN2 Melbourne
(Environmental ] BL (548 oA m] Y AR S AL SR N AR (niche AR ZER R, RN eta.
heterogeneity  (Heterogeneous environment contain a diverse difference)  (Exotic-native niche differences would be (2007)
hypothesis) array of niches, and invaders would be successful larger in heterogeneous environment,

by filling the available niches) promoting invasion)
FHef T-IAERVE PR T RASAL, PR E R EBMESR TIRSETERAESDMMAEE, {2 T Lozon &
(Disturbance P T, (EBESM AN BT 5 (niche R AL ZE R KSR R Macl saac
hypothesis) (Disturbance events increase vacant niches and difference)  (Empty niches created by disturbance (1997)

decrease the resistance of native communities, events benefit the invasion of exotics with

promoting invasion) large niche differences to natives)
BB BEURTER [A] BRI ST R T SR IR E Y BN ZER RIEWEIHEE T S RAESA, (2T Davisetd.
(Fluctuating AT, SRR AR SR, $EeE T (niche R A AL ZE KSR PR (2000)
resources FEIE T N difference)  (Fluctuating resources offer empty niches,
hypothesis) (Fluctuations in resource availability change resource which benefit the invasion of exotics with

input and uptake rates, and promote invasion) large niche differences to natives)
TEIRSAWAR UL TE /R SO FNAR W Fh 56 45 06 BRI (1) 41K P TR HEBMER BEMFAESAZER K, Fitks L#YF Daehler
(Darwin's B IAN, FINEAIFARLYFZER K, £ (niche KGR RIT AP R 5 N2 (2001)
naturalization & B/, F i 455 difference) (Distantly related species have large niche
hypothesis) (Exotics distantly related to natives are more likely differences, which promote the invasion of

to naturalize, as they occupy distinct niches and exotics that distantly related to natives)

complete less stronger with natives)
WERAMES  RIINRBSPSRMEERA . AR, A, EEREZRR ALLER, I NRIS R Lowry et
(Inherent AL AT N SERRAIE b B R 10 A 22 AR 3 (fitness A BAE GG a. (2013)
superiority (Successfully invaded exotics have intrinsic difference)  (Successfully invaded exotics are at a fitness
hypothesis) characteristics superior to native species) advantage relative to the resident communities)
FARJREDRE R N B R B RAR AR B AR R, X R AE EEREZR AL, RIINRIIRF AT Baker
Ui AR G 13 N FR R, FFRAETE G AR AL (fitness BRI B S G S (1974)
(Ideal weed (Invasive species share similar characteristicstoideal  difference)  (Exotic species with ideal weed characteristics
characteristics ~ weeds, making them well adapt to the environment show higher fitness than the native species
hypothesis) and exhibit competitive advantages) in the resident communities)
SIS BRI NIRRT RN R YIHIER EEEESR BRI, SARFNE S B, Lockwood
(Propagule PEVEER, BRI R, mIhNEM RS (fitness A 5 MR R etd.
pressure (High quality, quantity, and frequency of propagule difference)  (Exotic specieswith high propagule pressure  (2005)
hypothesis) introductions increase chance of successful invasion) show high fitness advantage, and are more

likely to invade)

TR ISR AMSRNREM BN, Sk EEEZR AR NGRS R A Blossey &
BB H T Bl R B i A ae 2 B AR K R4, (fitness W& A, 7R AN 25 Fh 38 4 it Notzold
(Evolution of Wk B w4 e ), LI IR difference)  Lym{pdt, RIIAE (1995)
increased (After releasing from native specialist predators, exotic (Theincreased competitive ability makes
competitive species evolve with less investment in anti-herbivore the exotics show higher fitness advantage
ability) defenses and allocate more resources to vegetative and than the natives, promoting invasion)

reproductive growth. This strategy promotes invasion)
BABCHA UL AL , S RFNTE AR M AR A BT 3= EEEZER BT MNSCRRE T AR Fengetal.
(Hypothesisof B f/E A4 FT, 3 T &6 & HUa R (fitness NAZHLIRE & (2009)
theevolutionof 482 42257 | & RA RS difference)  (The evolution of nitrogen allocation
nitrogen (Comparing to native ranges, exotics evolve to decrease increases the fitness of exoticsin the
alocation) nitrogen allocation to defenses and increase nitrogen introduced habitats)

alocation to photosynthesisin introduced ranges.)
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i TE X IS RS AR B HE S (3 SR
Hypothesis  Definition Ecologica Interpretation under the framework of References
difference modern coexistence theory

Brla L NREWREY W R AR T R R . EREER BB S TASRRE S, Callaway
(New weapon 2 Mot X Lef ) ok Z & Mitk, SESMKA  (fitness BEAR T R IE S, AR &
hypothesis) ¢34 rh E 42 |4, difference)  (Allopatric chemicals increase the fitness Aschehou

(Exotics release allopatric chemicals that inhibit and of exotics and decrease the fitness of natives, 9 (2000)

repress the native competitors in new range, enhancing promoting invasion)

the exotics' competitive ability and success.)
REOBIRAZVE M5 RFP g 5 ANNR IS, S T 5= R WEEER  MEREGEERE, RG-SR, #mT  Kene&
(Enemy release ffy i, HE M Al LLHRuE AL K BAE L (fitness HIXF R EE & IR, AR TRINGE  Crawley
hypothesis)  (After introduction into new areas, exotics difference)  (After escaping from the natural enemies, exotics  (2002)

escape from their old enemies, benefiting their increase their fitness, promoting invasion)

growth and spread)
FUERIR Y ERSCN AL G i AL A5, Rt 125 BEEESE  ERCEEMLGRGEST, 5HEMREEXAR  Ricdard
(Preadaptation i & 45 f) A5 53 B 3 5 5 AL 2 10 AP KA € J (fitness EIARM A E & A, NLEAS AR & Mottiar
hypothesis)  (Close relatives favor similar environments, the difference)  (In the habitats occupied by native species, the  (2006)

habitats occupied by native species were more suitable exoticsthat closely related to these natives would

for the establishment of their closely related exotics) have high fitness and are more likely to invade)
BRSO AT NIRRT B AR 2 AL, AR ZEFA (1) T RF AN LR RS AL Shea &
(Novel niche X &3 A= 250 B & & AR Al A= 7 EEEZER PSR BN RN S Chesson
hypothesis)  (Anthropogenic changes create novel niches, (nicheand  (The novel niches could only be occupied by (2002)

and these niches are better exploited by fitness exotics due to the large exotic-native niche

exotic species) difference) differences)

(2 SRALE - EFAER LS At B
& A

(Exotics exhibit higher fitness than nativesin)
exploiting the new niches)

%, E LI B2 EHASES T, 2B
KAEAE SRS SR, s NR.
FKARUL, Gn5E 468 71 5 gk 4k {1 (evolution of
increased competitive ability) « % 4> B 3 1k R
(hypothesis of the evolution of nitrogen allocation)#!!
k2 i (new weapon hypothesi s) 25 5 i 1 s Fil
JE R A Ry RS M ST R, S B B
N Az EE S i oA S e (R & A B, T AE (A 4
PR SE S GRS . [FIR, AMBAA AR
0] DA A SRRl (P 3E A o 9, FEREADL T I
RITETE R, ShkPhE & iR m R AL R 2w T 13
Yoapiy, X AT RE A T BURCDD N R 1 OC BE R &R
(Vallano et a, 2012). HH T X AR Ui REE A TE %= 57,
A DUAR 5 b fif R Dy 40T 58 5+ 8 ) 5 ) A SR Bl a] A
12 ) & B SE F, ABAE MR AT S5 4+ e 1 95 A0 f
FHREFE /NPt mT UK &g Ji A A4k b, TjAH

X PR A
23 FAEEZEE4ESMMESEEFHNHBEXRIR

RE R NAZ B U R B 25 FE A0 SR Flofn -+ 3%
BRI AR RS ARG A FE 2 e, (H 2 — S04 MU A AR
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(novel niche hypothesis)i\ A4 h KAl aT LR 4 1 5 45

I AR AN N 235 B BT B B AR A A, 2T
SCE R (Shea & Chesson, 2002). — /51, FAI1A]
PLIA A AR AN 25 R AE AR RO AR S AL 22 5, Rt
WSO GG RMAEL . H—J5m, AT
VAR AAERT AL, AhRMAE e 2 RAT 5
EE G, RIETE S SR . FAER, 3R
AITmT LUK K ik 18187 1t (enemy rel ease hypothesis)fif
TR, BFONREIIER, ShRMAENAR b EE S 7 1
HA T E B T %, R H & 1 3E R
PRl RECGEIR B ULA G T E A ZERENR
I EEAER . AR, REGEGRRR USRI T4k
PRI M R BCRA L — 1, T MR RECTE
Tt N 38 4 DR T B) 5 4, G I A7 R A 2 R A
I35 SR HE R A1 Sk o R £ 25 i 1) 3 47 (Janzen-Connell
B, Petermann et al, 2008). X — & & thHLHI X B
(R ANk R+ 25 R A S 2 . Rk, FRATTAT
DA IRAR P L A7 310 R 25 R R B R2 e, TGk
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B 2 P RN L — 1 S BN AL, BIRE
R E AP RFI I AR o

W R A SN EFMEEEES, BAT
A DA 28 B NAR AR UL AT 1 2 40 R ANZE A, R FE A1



EShl 1

TR BT IR I B IR AE S A S HE S 7

X LR LI PR o 5 AT AR AR U 1 AR R
TR A T 55 7 AR R E YR, e
SRR T S R IE S B A SR BNAR . n
RMNESAZERW AR, JhRYF 658
ATy K E M E RS R, s
PRSI NAZ e 2 558 T H0 AR 158 A0 ik 3 9% U A i 1T
5, THAGEIE BB 3 7t T i i KA - £
2P AR 35 A 22 S 0 2 B v A SRR 6 T o S
[1&E & FER AR NN, BiE —H A 22
BV Z R EMNERIRPUER, iR ER AL
PN A S AL B A3 B0 R AR S AL IR (FAb
RN, complementarity effect) S, i8& K AL FE
P BRI B R B A E A 1 3 R (I
FERLNE, sampling effect)idi i ft) (Fargione & Tilman,
2005)? 4 BRAZ AL R 7 LN 2895 Bl % AR NAR (142
BEER, FUsa il ad A sk Al O iE A & B AR S AL
e 3 HOE A RS ? X e 2 AR
RTS8 . FAER, X —ERHEZR R IR T
M IRATVIRAIE 5% 4 B8 ) 3 s A R AR, A CE
APRANTE SR = AN AR MU S5 S 8 10, RO TR
NZHAN RPN L ZE MR R I0E B ), RA
AP RT3 G 58 77 (14 = R P vT AR A ok -+ 3
Tofr (0 A= 25 o 2 & S I A7 (BT 17 CIX sk 2 B IX 35 1)
AR, Bl B 2 R (B 1R CIXIR E A X IR
AR, X — B U BE A AR AR R A1 SR R Ih N A2
L. Rk, B 2R A B AR NKTES)
IR 25 DR 250 A R - 4 2 o 2B 25 6 25 S AN &
22 F sz, AR LI A L BNR
B AN R B N AR R U FR AL T — AN AT 44 1R 1R

3 SMRM-EEMARERESFERNE

AN
(=)

H Mark DavisfiDaniel Simberloff 1118 5% LAk,
AP SRR 2 o AR AE AR A 2 X n) A
B 7Tz K. HTASFERE MR AL =
1, AT GE T DG SRANAN 25 M SR 250k R
PEAR 22 e 10 A FEIT 00X — ), S Z1 SR Fh e 2R 4L
[ S AT REPEIR b B ARe %, DA S A SR A - 4 2 el
()l 22 B 5 A0 ) e MR 22 S 0h AR R DI R £ 3 1)
2 (Leffler et al, 2014; Gallien & Carboni, 2017). iX
BERI ST AERAGTRATTN A P NAZ LA B A2 1 [B] IS, 200

O H 1S A — 4518 (Thompson & Davis, 2011;
Hulme & Bernard-Verdier, 2018). IS R IL A7 6
A LUIEE 256 2 R AR Fh- L PPl R EEES | DhRe
PRIRZE . AR ZE R AE A B 22 X VU2 1A B
KER, NEREERTA— BT e85 Rt — i
B (E2).
31 ShRM-EEMREREE

KTt Ak [y 2 AT 2R B S a0 {eT 52 0 bk
FACANNAZ, TERSCHE CPIFREIE) 3 1 kR
A B PN (Darwin, 1859). — 771, 35K I
RIEG I 2 [RIAEAE R SR ZL R R) SE 5, 2 fhas
P FL I Zx AR Fh A ANNAR, DRI 4 25 Pl
FA R B I8 IR AR Fh B S Ty N AR Y], R
“Ik IR AL 3 (Darwin’s naturalization
hypothesis; Daghler, 2011). 5 — 771, &/R3CGAN
I G P B AR AR 5, DR 2 Bl o 4R R AR B
WG &5 HIEGM IR AR, SEHER S 8D
E J&, AR UL FR N TIUE B AR i (preadaptation
hypothesis; Ricciardi & Mottiar, 2006). A< Jfi I, X
ANKE ST BCUE AT DA IR g b SR 25 A 13 2= R
B 2L R AN X — R 0], IR
CEEAE— YRR N R R Ak H]” (Darwin’s
naturalization conundrum, Diez et al, 2008). 120
K, ERFFEXIX— W B E T KERTTAE,
{ER AR R FUAEAEAS 1P JE B 4518 50 Fi 3¢
FE PO AR 156 R TR0, 870 AIF SRRk R S AR
LT, A BT 15 B A5 ik (Ma
et a, 2016; Cadotte et al, 2018), Xt f&iX—Fl 2 il
BRR A A E B R R RS ESFEREAMN

SRR LR A A2 5

Exotic-native niche

S B 5 R B e
difference

Exotic-native a
phylogenetic distance X XnvaSIOD success
SRR L2 R EAR 2% 57 ST~ RIS B B0 S

Exotic-native trait Exotic-native fitness A Eﬁ%ﬂ&
s ccimilar . Invasion impact
dissimilarity difference

E2 ShRMFEEMAREENESFEERITEYNEHN
2, RPN ETEMNEREBSYNERESR, —&H
AN R LT EHNESNERMEEEER, #M
REEMNRHRINFBE.

Fig. 2 The effects of the ecological differences between
exotics and natives on invasion outcome. Exotic-native
phylogenetic distances influence their trait differences, which
translate into exotic-native niche and/or fitness differences that
combine to determine invasion success and impact.
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AR . NAR B BORN 25 Bl oK 4625 £ P2 R ARREAS
[ERIE 90 2 TR 1R 4305, EL 2% ek (] AR R A A THAF AR K
PR ¥E(Li et al, 2015a, 2015b; Park et al, 2020).

PR Fh e A7 B8 S 12 ik [ I A 24t 17—
AN, BV 2R SC ) T A2 A A7 B R T A SR -
- P R PR R A AT 5 A AR S AL 2 SR IS
AR 2 T (K2) o 2tk R B B 32 BLR AR A S 2 SR
BRI A b B AR A AR A LI, Al - S5 P o 4%
RGBS oy N2, FFE 1R SO R Y
Tl . 4% R PR B 3 BRI E A B2 RN, AR
45 JRy BT A0 R AN 28 Bl & & FE B AR RN —
JIT, AN RBR ) IE A AR T PR, A0 R
W R BB AR - RE A E RN, B
Gy NAZ T, -G UIE B AR Ul B R0, 55— 7 I,
AN SRR A T E R, R 2 R R PR
B A R B E S R TE R, A 5 N )
RIS /R ORI T . 1T 2 MRS R
B SASMMEEEERTRAEERIILR,
T PR BN AN AR B2 AT LLg 248 . oL
5 (2019) 1) FH 40 B k7 Y SR B R B, M BT SRR S,
GhRFh- L EMAEBMERAE S EZER TR
LB TR AP B NAR AN (G FH R . R i R
B DRI R AE A 07 25 5 0, XA ZR S0 A1k
TR TI 7 B AL . R ZAT R G e i m v
R 2 R SEIR IR, X —WF ISR T 585 %
FETE REE RS AL ZE S AE B 2 R IR 2 i
F IS JR SRk A (1) B B AR
32 JMRM-EEFINEMHRNESR

RIS 25202 4 5L, A RMpAN 2 R o se R 1)
bt — B e N2 A 2 S 5T 1 AR 38 A (van
Kleunen et al, 2010; Leffler et a, 2014)., A% K
— BELAE 2 T R PR (1) A B TIOINE 75 1 N AR
J FCfEHRERE o %A B 5 8 A0 7 b
— & HLAE LRI R S F R (AR . N2
N Tl AN E G EFEE SR E) 2 8] 5+
HEREDREMR B ZE R (Ordonez et al, 2010; van
Kleunen et a, 2010); — &% Ak /R SC U4k ik 4]
FAARI B 7T L, R A R M- = 25 o Dy i MR 1)
ZE 50 AR ON AR B T A fE S Y B2 T (Gallien &
Carboni, 2017; Divisek et al, 2018). Bk T HEVFIH
TEAS AR, BHH . WAL AT RS PR Z 4, P
I RIER I RCR . R AT, BHEZRFE).

FE R 2H K /NI 55 4 8 70 55 4 S 1R A B AN L
B HJul(Davidson et al, 2011; Suda et al, 2015;
Zhang & van Kleunen, 2019). #B4MHF 77 45 525 B 4
KA, JLIHRNEYETRE SRR, AH L 3 FhodE
BAHERAERKESR, BEaim 7o E. B
SN EAWETE I SRA N B - 3PS EAE R L 13 A S 4 1 ey
A=K AR B T B A1 45 14 IR AiE (Ordonez et al, 2010;
van Kleunen et al, 2010; Suda et al, 2015). {2t F
WEFRRI, ARRANAN L 3 B AR SRR IS . AR
H O EFRE I EIE R EIRR A B AR
(Daghler, 2003; Leishman et a, 2010; Lemoine et al,
2016). [FIFEH, SCT DHRETEAR 22 e i ] s AE N
I R I 2 oA S R H i R A 1
F D RE M IRAH AL SR Ah BT 25 o) N, BT 5T
R RS, A TR ISR SRR - 12 R )
A TR 1K) 22 S 0k AR 0 N AR 1) B T 8 AN [R) N AR B B
#&/NF K (Escoriza & Ruhi, 2016; El-Barougy et al,
2020; Dividek et al, 2018). &k I, APk 1+ 2 Fh
P Re R 2 R AN e mi AE N, IKIB 2 — A7
T SCRIAN B 2 VR 1 ) 75

AR P LA R 9 A SR P 1 2 PR IR 1 B
B RPRAE T — AN R R, BV EE EE R E
XTAEASALANIE G FE 22 R R o SRR D REMEAR
FERIEASALZ FH, MEERIRe Rz 7K
(AR Fob A 2 P AR S AL E BN, IR TE R S N
2o MR ThRE MR 1 BERAEIE A B, T 752
[X 734 > b A 2 ol R AR O 3 B B R — D I,
MHNSRFIE S R T LA, B 2 A
BT AR A0SR e B 25 55 NAR Ty, R EATTRA 2
FhEE A ZE RN H—, SR IES
=2 =1 e e I o UL G2 7 N P S
BHNZAE R SEE, FONEANTRAE &SNS &
A B, FEGHL R I N AR 7R P2 15 B
AR L2 FAEAL R PR, DA R RN 25 Fh LA AH AUk
AR B AR b 15 58 M NAZ S5 0], AT e ViAo
ISR FELhRI#EE T, HTREREES
FrANIE & B2 RAFAE E AR IAH R R R, R e XA
&) R BAR 2 (Kraft et al, 2015). {51201, Godoy !
Levine (2014) DAMEY) A 25 S WX — Mg R AE 9
WEFEXT R, R ILAR SR - 3 P Ak 1 22 7 [ I 52
W E AN E R NG S EE R — 7, WiEIHE
SRR - ZMHE BAHRNAESAER,



EShl 1 ToCAE T I BRI MR A S A B HE LY 9

et 1 AMRAPAE +Z R IE & 5 — T,

BRI A B B B A& S IS, AR,

P TG (¥ R SR b a] L P (0 301 B2 1 25 0, 4
A ST P 25 [RD A T LI Mk 90 R A R A
SR L, SRSRARAN A R R 2=, DL
R IBE R SE 05, —FILFERE T AR KB
DA U AE T Ji 22 T T RE VIR BB AE N AR T TS,
W2 A T 8 AR A 2 R M A 22 S R R

4 BRERMERMEMARREE

ARV P I B IR RS S B N R
YRR RSS2 F a2 A NE ERIT
SRR TRIRE JT o (H AR FI AR NAR A A S R A B — FE,
X —HEZEA B AP — SR A AAS 2 o WAl R AMX
AN, HIX —HESE T 47 iz H B R AR
BT, B4 JE i LI BT )

41 EBFNERMEEEERMNERME

AN ERMNEEEZRZEEH RS,
B T BARBINAZ AL, T A2 %o A0 e oft A 3 Fof
A 25 2 22 S I v e ORI MEHE (it 1t 45, 2017) . [A]
UEAE 3B R A AR A NAZ FAFIS, A S0 227
FE A 2 I LR se e R A 1 2uE BaEw 2
o TEREKAESFIHIMSHELEF1, Vellend (2016)%
R AR BRI HOX PN SO A 2
UCRE SR, T o 5L A 1D 7 ) S AR o (o B T
i SeFHE RN PR 05 A ) H B A B
WEVMARE S RE (REEWAITK K 5, 2011), 2K
Bkl FRATTRT DA A R Fofr - 4 35 Tl 1) 2B 25 7 22 S A
EEEEFWNNRESEREERAESE, Tk A
AR NAZARB U (A R R IR AR 0 25 o AR A AR Ud A
55 4 e 13 SR A R ) R E L« = =R
HEZE I H bRTE T R AL, DB ORI 70 AS [R) B
PIWF AN RS A BB AR, AR BANRAESE
P E R o T AL AT DAL FRA TR N 3
5 72 AN R AR LE RS 2 MR HLEI R AR AL . XA
TS, ET IR ILAE B0 1 NR RS2 HE
B R FEDTRRAE T N & RN A3t T
— AN, AR UL R R NTENT, I B
FreB NI . (He URAVEE R e EMAN
RIS AE 7 R N AENLIIE, DGR REAS BRI
Bt 2 AE HL B . fESHIERE U, W 3R
YA LA B 5 B AR I N R B A WL 45 A 7E —

&, 1 WnER T AN R4 T T A0Sk Fl- 42 25 P AR 25 A7 R0
TG B 22 o RS AL e 1, K2 K I —
FUATIR I LR

BT A 22 e AIE A FE 22 S gk, T
HEAT I B A A — R AZ AT PR BT 7S A £ . Godwin
25(2020) 53R T 60N B AR A 25 S ALE A E
773, (HRX AR EUA S R N
KEMNRMKREGTROMENESE, AR
B ELLRIT. [, BTAESMERAGESE
ZESEFEARIST, P A A A AL 22 AR £ 51 k&
HREEFIINA, 2TV (Song et a, 2020). [A Ik,
bbAst —FAELEM AR P AR DRk o TR e . E A,
BT ORI AR A R o R
=, U B SEI0 T 70 5 41 B8 1l 5 e A0 42 ) 1
Hh 55 1 Ak 1 R G R I (1 Godoy &  Levine,
2014; Li et al, 2019). Jc J& 58 e v A R AR S A A
TR E BRI, i R E R
WAEMINAR IR, B 2 Sk ) i Je e it 2 2
WY H—A 28 10 220U FH A SRR R0 4 35 Fh 1)
PR R B A 4 5 (trait difference) kA £ A AL 2
S, P AR R R RN 2 B0 M R I S 2 B R (trait
hierarchy) kA3 id& & & 7% 7 (W Carboni et al, 2015;
Lai et al, 2015; Sheppard, 2019). X LLHff 57 % B 41k
Tt mT DA g 47 R R 2 el 1 bR P Y 4 A (0
AR 2 o 2 T K R MER) R B v B B R TR S )
(P Bl 2 b0 25 (R 1A R ) 79 P S S S B D N AR
BEMIESE T AR R ICAZ B 10 =B . (159
B, BTAFEMRS A SO AE & B 2 R 5T
Bk A 2 AR I (Kraft et al, 2015), iXFh 5k R 2
SRRSO 2 T AE G 2 R R, R R
BB R RO VAR H AR AT A V) 75 3R
42 EFNEFMEBEEEERHATEM

WY ) A2 7S A RS & AR P A 5 (1) &
PE, 9 [F I 52 2 S8 SR AR R 1) s, DRt
AR Fh- T E M AESMNERNE S EZ RS E
AR, RIS AR AR Fh- L5 PG, fEA ]
(2 )RR B A S Z R AE A T Z R R
[ N7 2 i) S5 o 1k s PR BR B R, Ah kR AN
FEFAT DL GRS FE A, SEEASA A, BE
WS ZER . FFER, SRR &
SRR, AR AR A 2 R AT DL i R RN
(storage effect)$E m i LA AL 2 5, B mseBit
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170 Bk, SNSRI 20 AR fh- L M A=
B EFIEAEEF A BB i, 4
KA B B 1 3 R A] B8P RS NP L 2 S B
JEF= AN AR 2 (8], AR (6], BAH
AE S AES . SLhr b, MmT6e /1M
BB 500 T PRk A A8 U0 R i e 2 M S AR
A Y5 R T A SRR E S b RN AR M E A R 1)
Z5l. B, AT — AN SRR R 7
AR AL FIE A R T A E MR LRI 1X AR
SR A B AR RGeSk - 3 Rl AR S AL A
EEEEFERT R T FAE, (EWRMt 7RG
WFRNLE . Hh—AMESRD R R 2, ARk
A AN 235 Bl PR D fR] 5 m oh SRe Fofr- 38 B 1 A=
S ERMEAEER, HTEHANENE)R. 5
WIZEIRE ThE . B, A8 e i A BTz
J&, MR R TR S 1R m A AL R PR RE
A ER R, BRSBTS E R SIS
A B 22 SR 3 A FERR 2 X I e fi BT JE )
S 5 UE A B R T FRATTRT A BRAR A AN S
BN 5T RN HLE] A ERAE .

[FIREIR, AP R0 25 Pl & 0 25 A0 D RE PR IR
XA RS A 22 S AE A B 22 R RS IR AR O E— O
A5 i) (Hulme & Bernard-Verdier, 2018). il 41, B[{#ii
FRHE 0T DUAR G i T i 7 B A SR Bl 0N A2 Hb
F M AESA ZRRE S EZR, SRR
15 Hh 3 7 1 E Ak T L B M T B R OE R . ThiE
PR X 9 o A 25 7 G B 2 5 1A R T E AN [ 4%
TS RENAE. Fln, EaRIER LN
OUT, B I — MR AT BE TR 2 B R AE T AE A 1 A2
AL ZE ST, YR &2 5T DR AF, TiTE
JETVRELZ PIEOL T, A4 T B 32 EEERAEAE A R 1
EEEER, mEDEES R GERE, WE
e SRR B, HERAM ARG
AL AR IR . AESAAE S EA Y, 1
DURIX = FH Z M AR R R . RIS T
Ab R - 25 Pk 2R I B RN T e IR T DAAR 47 Hh 3R
TEH AR 2 R AE G 25, DR MR Bl
RAAT U BRAEAESMNERMEEEESR, ¥
SR — AN R U7 W] (Kraft et al, 2015; Li
et al, 2019).

43 MRYHEFERLESHNARE
| Chesson (2000) 7 4t b £ H IR Fh A7 3

WUk, ZHEWH WA T — MRk R E
It A2 . FHHM PSR 7 3 2R AR T o A
PORAS/ IR N SR 7€ A )Y Ll ST =R/ o i N
VB (P 1) T2 AH B A FH AR #2575 97 2% 16 A AR
&)o (HRIEAEYNZ IS FEF, Fhia) IEAH BAEHAES
BRI AR AR ) . b andE— ANk
P IIANAR Z J5, AT Re2 e idf HoAth AR 5 22 N
2, FEMBCRANR B /&5 (N = AR, invasional
meltdown hypothesis, Simberloff & Von Hoalle,
1999). [EIF, —AMARFIIIANIR Z )5, 1A REdE
ARS8 (priority effects, Fukami, 2015)41i]
HoAmAMRFINAR . BB EFREIMHEAER, taEd
I (215, 2020) F4% 473 99 £ (Val dovinos et al, 2018)
s IRE, ot N~ A BRI . [Flit,
TEHRBEE T, Z2FRRFF 2 A 125 Rl LU= 4=
SR EAER . RAEBRATAT LU &4 K pp Al
2 PRI P 3 AR A AL 2 S AP B A B R TT R
FE () o N A5 b ) 25 PR & 4 1l — SRR
Br), AH S TP 1] £ b 2 7 X0 2 6 5 24k (1) Fol [
FHE IR R BN =AM B 52 4 n] BeAAAE 4 k-85 )
-ii ) 5% £ (rock—paper—scissors competitive loop), 7k
BCER = AN FhonT DL i 52 e 5 AN P0R AR BLAE
2 R m 3L A (A MY A B AE B, higher-order
interaction) (Levine et al, 2017; 2=t %, 2020). ]
HHE, AR RIS AT S AR S TR
HERVRE, AR RS 50 I AN [ (1) 7 V2 s A ol
[ IEAHEAER . REGRIR . PLie B Ll & 24N
Fh 2 AN E IR A BAE 99N 20 LA Fh S A7 22
W HIHE & JEmE 2 d1(Chesson et al, 2018; Ellner et a,
2019; Grainger et al, 2019; Ke & Wan, 2020). 14,
Godoy (2019) & W AL A A IL A7 BRAL L ditt, &8
ok 2 8 2 W RN 228 TR R I 2% 1 &5 K A E M R Al
K, 2020) 77, RBEVNRITIFAELR . RE
H AT IX LB S IAFAEAE ) 2 R, m A k34
—MISERE A, X T AR 77 v 1) S B
FHIRIATO AL A7 (1) BE i (Barabés et al, 2018;
Casey et a, 2020), HAENARAEASHHE AR
FARK 3 — 20 i R AR N A= WL (R A DR BRI
I, S TAMNR IR — BB AL
FHWRR B G EEMAL, —J7H, HENZ
Y] (mutual invasion criterion)— B2 1 k¥ # AE 75
e A7 ) B E by v (Grainger et al, 2019). %N



EShl 1 TR BT IR I B IR AE S A S HE S 1

W, W DR 2N B H 56 4 38 M R AR e
TEVR I, a0 AR P Tl 1) B S IE ) Bl G 2
WP ) AT LARS e S5 A7 o ARHEIX —HE, FRATAT LA
TP FR A B A B NAR SES, s AR (] AR S AL
ZE S RE A B2 S, M A TE R AR TR
AH Xt TTER (Carroll et a, 2011, Godoy & Leving,
2014). BT A BENAZAENIAS & R T mext o, 1X—
S R PT AZR G 5 B ARSE AN . Aa] IEAH BLAE
. mbAHEAE A E TR E R, R 7 3R
YIRhILA7 BRI AE 11K B 45 (character displacement).
Yidp oy A XL S5 AR A0 S5 2 A S N AT K R
(Grainger et al, 2019). 73— 7J7lfl, fEEFRAEYIARZH
fa PR REIE AT, B AN [F A P s A 2
B 5 1R A SR b AN b 2 RO AR T B M R A ELAE
MR T Fr A RS (novel ecosystems), AIRATTHT
AP IAFFEIR IR T RARM LR E . FMHBRE
WINAZ I FEAE A 20 R G2 R 5T BAR A ol 1 A7 2
e, RATREK 2 R R A SE B IS N E IR R .

5 Z5i8

ShRFF L EMETEAESYZER, DRIX
Fh 22 F WA e AR SR FINAR, — B R NR ST
FORFR A% O i 8. DRI TR A7 B8 N AE AL
A& & B2 2 R Ak, A EHIELE LA
B MELLERAR I N R Rk, (RS T
A H AP T o IX — RS T LUK AP RRh- 128 Rl )
WERME. ThREMR. SN ERE S E Z T4
HHIE, B — A G BB R LA
HEZE o Mk A B8 5 05k T v ) 28 B 1Y) AE 42
(Kiinunen et a, 2016; Pearson et al, 2018). #& T A\ f%
B BRIl 23 FROKE 42 (Blackburn et al, 2011). F&-F- 34K Al
LA HINESE (Facon et al, 2006)%5—i#, (E/ATH
MNZAER RN 2ot R, 3t
[ R K R 58 NAZ S E W SRR R0 107
6] o BRI T4, BRI AT B8 A T PRid R R 1)
B HA, B8 R H 7 V5 A Wi v I (Barabés et al,
2018). {H X — HIRIE N AR AR A 18 F AT SR
WA E I B, W AT LR AT 5 R R B . XX
TAT S, BERPka R ENuE. A EiE A
A, Hore 5] &, WMol RE AR ERKE L H
RV —HIR ) B, KA ML AE R T 2 s
HBEI NZ T2
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