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The relative importance of stochastic drift and deterministic process in the invasibility of
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TANG Long', LIU Qiuyue', ZHOU Qingshi', GAO Yang™
1. School of Human Settlements and Civil Engineering, Xi’an Jiaotong University, Xi’an 710049, China
2. School of Water Resources and Hydropower Engineering, Xi’an University of Technology, Xi’an 710048, China

Abstract: Background, aim, and scope The species composition of many native communities can be altered
by alien plants. With the acceleration of globalization, this alteration has become one of the most important
threats of ecological and environmental safety. To improve the efficiency of conservation, understanding the
invasibility of community is important. The aim of this paper is illustrating the advance and deficiencies in the
current knowledge of invasibility and highlighting the importance of reconciling stochastic drift and deterministic
process. Materials and methods Here, the main theories of community invasibility were reviewed, and the factors
that determine the resistance of community to alien species were analyzed. Results These theories of invasibility
focused on enemies, resources, non-resource factors and their interactions, and predicted that the interactions
create some niches. When such niches are used by alien species that individuals are sufficient, native communities

will be invaded. Discussion These theories overlooked the random dispersal of propagule, and the random
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dispersal of propagule is common, and is an important channel by which alien plant species spread into native
communities; moreover, these theories overlooked the random death and movement of native plants, and such
random process creates the space for the increase of alien plant individuals. Conclusions Thus, future researches
on community invasibility should incorporate determinate factors and random processes. Recommendations and
perspectives Both niche theory and neutral theory are the framework of community assembly. Therefore, it is

crucial for predicting and reducing the invasibility of community to add the differences of niche in neutral theory

and add stochasticity into niche theory.

Key words: biological invasion; alien plants; invasibility; invasive mechanism

Bl G A BRALPINE,  BOR 2 1 X Bk A1 ok
R 540 (R DUTAE, 2021; T E%, 2021;
Cavieres, 2021) . A& H . #0375 UL K ZR MR K
w4k KB A kAo & K — # i 4E (Solidago
canadensis ) . +3|5F ( Dysphania ambrosioides ) .
#i ( Chenopodium album ) . BjFE# ( Avena fa-
tua) . JI U ( Amaranthus spinosus ) WK, X
LB AAZAE ) T BT M BEAIR T ARAED . R FIOR
AR EFR . KA DL RO, T E s
Ml el DA SRR %) % Ji s — L[ b I
S 7K AR AR 8 ) 43 A5 A AR T RUIR W6 ( Eichhornia
crassipes ) . K JE ( Pistia stratiotes ) N, T
LA RBES K A R R, HEMIE. RIE
KECA MR VOHE AR T4 51, AR 24
(56.3%) o ARAEYY HCPE, HAER—H R
som, MEUARER. Wb, AMRERFEZWEEAT
e [ A AR SRR AN SR A AR i Y R
HIEK, BIABR AR (SFch L EREE T A
24, invasibility ) , FEMCMTUE . W7, =S
AN R RIS ARYE

— AR AR, RZY R R R R
Z2JuHI RS (population size ) , BT Y Fh
MERR IR FETo R AR, Sl
SRR AR Z MR FAT R AT B R Z A, X
YRR R IR, FRRERGH R R,
M T AP ARECGE D AN RAEY A R R
s, E YRS R AR, B

FECEF SRR SR A R E A, 2
T FAESPIIARTI AR IS 7T (Cavieres,
2021) o AT, R A B T AR R B AT ST A LA
YA ZH & B A .

A IR R P RS R AL L R
RIS I, B SR A A 1 A R
BLL R ALY FR AL B8O X 1 b BRI A7 A
FHIPE, ABHRAT DU R T — SRR Y 4 3
ABER AT AR L. ARSOR BLAE . X B AR L A
FIMT A SR AT AR i RN, AR B R L
PR T — UL, RIZES 0 E S REALIT A Ok P
AT RE I T AR, IRV T 258G PifP i e
Jrik, VS ARt s Bt —AJr 1y, Sy ik—
AU AT AR RO HER SIS

1

Wi 1 SR AR L 1] LS S A H AR
FET . EARMIT R AERER, XEHER
WEIEEYHEAEY R R, AN R — TS
IR, K, OCERERMREE, D pH, i
R RARESFEFEMEZR (R RMK K
B, 2006; 4 3% B 4%, 2009; Tang et al, 2014;
D’Andrea and Ostling, 2017; Cavieres, 2021 ) .
AR RS — AR R AR AR EAE A At 4y ol
AR . R TEF YRR R
Yy 0T SRR AR WA N S SR Y B AR ) A
AR A CJR IR A Bk KB, 20065 “F 38 5 4%,

MR BB . 2003-01-10. S&F KA P S —HANR AR Y FIZ AL . R515: 000014672/2003-00014. https://www.mee.gov.cn/gkml/

zj/w;j/200910/t20091022_172155.htm.

IR . 2010-01-07. J&F & A v [ 55 —HEAM R AR Fh 44 B A1 . K515 000014672/2010-00017. https://www.mee.gov.cn/gkml/

hbb/bw;j/201001/t20100126_184831.htm.

IR, P EBLEBE . 2014-08-20. KT KA ESMRARPF A (5 =4t ) 8944 . &R51%5: 000014672/2014-00832. https://www.

mee.gov.cn/gkml/hbb/bgg/201408/t20140828_288367.htm.
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2009; Tang et al, 2014; D’Andrea and Ostling,
2017; Cavieres, 2021) o JXE6H4: YRR K2 HHT
AN RER A WA A W WS- 2 A S A 0 o B8 I 1
R AR BRI AR R 1

DA TR NS, S K p i
1k, B RO B PR R R 1K B —
AT 32 L — AR 52 BT A AR R 253 T 1Y)
HEWRZ IZIF LSO, XL M40 E
X, BB YEH AV (n-dimensional niche ) , &4
AEAER D IREE R R K- AT E SO
XFEREE AP 2H 5 e 7 A RS o i) 7 2 A4
ARAERI, MR AR X BT IR A AR L X R EL
1) S AF RN 25 [E] 1Y 5 4555 ( Cavieres, 20215 Zhou
etal, 2021) .

AR BAR e, AMNES
MR SRR NS, AR A AR 2 B
o, JHOEAE YRR A B RS P R 4 B
XU AR, Tk, — DY R
GG R R AR — D e w5 0 7K - S R A s ) 461
TR, SRR EEE NE, YD
R TS H, RN ER S S
B 2 B BRI T8 /b A PRI 5 RS DT 2%
BTG, AR YR TR A BT R 26 AE P R B
SO 1Y, B SRR IR0 SRR %) 7800
PR, A e S CHOR DG ] 1 BH LS 45 -
R AR )l (%) A58 A - RN 52 0%, DA SRR R R
PSS H, — PR A TE — > I 2330 Bl P A 2
OFETR | IEACRHAE R Y, 2
CIERIL[ERS

2

Hh P B R AR b A RV ) b AL R
—NHTBELE (IR R T, 20065 450545,
2009; Tang et al, 2014; D’Andrea and Ostling,
2017) o ZHEIEWZ OIS B FREAE A IR
Az BETE. IR AHGEH G BEPLAY, AZEREE R
sz JFH, R, LT T AT
REAYFEEGE, B L FRE RS 94T A
TR IBA 25 5% . B—YR Z R BT
HA YRS R E i DD B S5 2R, DR — i I s A
Y- SECEARTIE

Hubbell (2005, 2006 ) J2& 2 (1 32 242
A, WS H AR TP AR R A S A R
— DR A FETD . T AR TR X

FEA REZER, JFH, —DXEh, £9Fr
AR SET-R | T ARAE R WBA B %=
5o PEit, XEesEFE U, IEEIN R TR A
FER/NMIBI SIS AR /N, PR B A S e
AEAER, 2P B AR BERLE SN

3

Har, &8y i Az e A Lo
(£ 1), XEHLSHYFIARE A S X — &
( Beaury et al, 2020; Cavieres, 2021 ) , fFiX4t
Mg, ARG R, Flan. 58 pH, A
LR . WEERRRZ R ol g ds” , HXEoh
S A B A BB KO, SR AT AT AR S
A )RR R, BV AR BRI R W
PN A L35, X LA Y aE i XS Ak )
Py se s, i, A, oA SERh EAE &2 Ak
TP B FIEE RN BEVRIRIE R 2 T 2 8 AP R
IR e, RIS SERR AT BRI BT . dEA:
YA EE 5 A W) A BE (] 3 6 PRI PR 3R A4 A J 3 3 A
HAE TR e SR R R D B B, 1 5 0
BRI AT AR PE
3.1 enemy escape

Rk R Pe NPy BRIk . &
Pk A A B (herbivore escape, predator escape
a\ ecological release ) , HHIK/R3C (1995) #ih,
Keane and Crawley (2002 ) R4 &, ZHIEH
Wt REURH PRI /INE 28 57 R &
AP 0 LM R T L s sk =0y,
T RGO 2 ol 1 52 M L Ah e i 7 R i R BT
ZEERIE S THAR . XA WL ) 45 1F 7]
DIREFE . (1) SRRAE A B = K% PR
;o (2) REFREYEREOA KT AR
(3) JTHERHE LR EA T RE W, (4) 5F
SR BT A E B R 22 BE K, DN AT DA FH K il
KR, XM ERE, BAnSRFNR T
KB, TR 2 A P A A KRR
Fls i BAERE T 5 RN SRR m RSB AL )

o RSN A E VR A Y 2 B R B N %)
PR I —24, SEGHRIAS X BRI S 1) KA
T HIE e B B AR T AR 1

R $E Keane and Crawley (2002) AJigik, K
Ho ] 1 5E LR KRR e O . TR,
MRS T IR Tl b 3t B e g ST 1) A A A o S e T B
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NIRRT RS, WRKEGIAMIIS

1 LR AT ARG
Tab. 1 Seven theories describing the mechanism of community invasibility
#F%  Name T Predictions S% KL References
T EREVE B Z SRR LR, EAE AR AR R HTZ AL, 32 .
P AR, 1999
PNigus i (Darwin, 1995 ) ;

Enemy release

LEFZ R

Species diversity-resistance

hEFLAEE—
AR PEIEAR G
Positive relationship between
exotic species abundance and
resident species diversity

IR

Darwin’s naturalization

RN B S
Fluctuating resource
availability

B

Recent niche

BHIR — Rk ik

Resource—enemy release

Native herbivores or pathogens do not prey on alien species but depress native
species, and the alien species that sufficient individuals successfully colonize can
use this advantage to outcompete natives.

TR, A O EARER, S B, KA
AL, GRS ATREME/N, BRI T AR R . AR RIS
Higher species diversity cause less unused niche due to a higher severity of niche
overlap. Thus, a high proportion of resource such as space, nutrition, water and light
has been occupied by native species, which restricts the colonization, growth and
reproduction of alien species.

i TR BIARIE, AR T L E R SR A R TR, R 135 Fh 24
PRI AT AR PERTE R

Diverse communities tend to be more invasible due to environmental factors
spatially covarying with diversity in communities and a high similarity between
natives and invaders.

Ak S LEMAFERK, BRI R S EEXRMRRLFER K,
SRS EFERA RS 2ZFR, B E . LR/, AR g
The invasibility depends on the phylogenetic relatedness of alien species to
native species in community, and the invasibility negatively correlates with the
phylogenetic relatedness.

A BT U A AT R S ORI | Bk AN X BRI OB I, A A
Z ST ] F S s PRBTUR, PR A

The increases in resources due to enrichments or release, and the alien species that
sufficient individuals successfully colonize can use such increase to flourish.

T POEA R . RREUE ST EEAAER RIS . B SRR ARG, Ah
KA T AL,

Conditions that promote invasions in terms of resources, enemies, non-resource
factors, and interactions between these factors.

FH T B U RO IR BB 2, R R IR SR AN FRRAS T ER A 45
High-resource exotic species benefit from the interaction between high resource

availability and enemy release.

Keane and Crawley,
2002

MacArthur and Levins,
1967

Levine and D’Antonio,
1999

IKIRIC, 1995
( Darwin, 1995 ) ;
Strauss et al, 2006

Davis et al, 2000

Shea and Chesson,
2002

Blumenthal, 2005

3.2

species diversity resistance

Levins, 1967) .

YR Z AR HCPU IS AR 2 A T IS
(diversity resistance ) , AH R T A= 27 A% PR AH AL
B b A SO BRAR RIS S B AT DL
RN, TR ARSI ARRE B, PR A
P ESERE, BT — DK, BN LB
R, KRR Z R BRAE I ( Abrams,
1983) o fElt, R ZAEMEIGTELIE R LS
PiehFw B R, HYR Z R AR S A S
FRRE W, MHRIPEREE PR, VR A 9008 A AL
Al RE PR /DN, I 09 A] A f= IR (MacArthur and
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P 24 IS BT S 4 T kA Be, IR
FIR h YR Z RV S SRR R 2R
P4 (neighborhood-scale diversity ) ” ( Levine,
2000; Kennedy et al, 2002 ) . Levine (2000 )
R, RN A R Y R BRI T U R B )
FhZFErE, Kt m sl AR 1. Kennedy et al
(2002) MBS IR SCRE TS0 AL, RIS AHAR
Yrh P& WS R RS R, AR
Tl B A AR S IR BEIR 20 o F AT I,
Yh Z AP EABT IR B SR RS ]
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B KADLR S MG RIS MER . A K
PRIXE
33 —

relationship between exotic species abundance

positive

and resident species diversity

T F R Z R — AT AR R A X A B IS
T, AR A R AR, REAE S
T EFRI A AR R R, AT HE R R
BN R, R 4 2 A P b 2 A R
)] A2 IEAH & (Levine and D’ Antonio,
1999) ; ZHIL s —FRKAR R FRAE L EMINR
P25 W, A NRE L =R AR IR e N R
AN EF I A KA RIFE R IR EAE R . i, £
TEVR Wy b Z2 FEPE 2K T 35 H 48 7s 5 B T nl A2k
JKF ( Levine and D’ Antonio, 1999 ) .

YIFh Z K 50T Az 7K IE A 56 6
., ARewk A Ly L E A 2 R AR
A, PR IR . SRR m R 2R
PR AR AT 2 APy, R AT T4k
P AR PrRp e 09 A AR 0N R 2R
PE— AR EA G, B TAHRI A BT K, 7R/
23 AR AR T, L2 B A K %5 () O
M XA, LER RV A RS
N, TE G R, PR AR AT
AR, AMRBES . Wi, &2 irhsm 1 2%
PR Z AR AR, T8, B3R, HE S
TEA] A f PR b 1 E B R AR R 7 O I T A .

34 Darwin’s naturalization

KR SCIA AL BEE B3k R 3C (1995) $2
Strauss et al (2006 ) 57 1 32 E A48 JE IV A
VMRS ET, AR AGRE T XIS
GRS +E R R G R B RIAHCHE, LSS F
BER S PR RGR B WIAH M & e e B %
AR EE S R, M-
BV TH IR A R X R B SR P R, T A=
[

RIRSCAABR A = AN FHSCHER B B ( Strauss
et al, 2006; Trotta et al, 2021) : (1) AMkFh
SR g E R IR B . WA ] SR 2 S
W T R R A ELAE A SR, 5 4 SRR AR T A A
KA, tF 5 S A A R R TN BE
FEFH LT, 3% BN T A 2557 AR BIR AR AR Ay BR i
(2) AMRFNS L EHEE Z 5P 0 RS ARRIE

SP3BT ZEC P SR SR P T A
TR SRR G 2 T E PR EAE R . Rl
AL, SR HA R R e R R A AR
WEPEFP . R, R A 22 S O AR, A
KEE I PRI RIRE S B = . (3) SRR 3
MRS EEFEMARNES . B RS LERER
Z ] A B B S e 1 B AR e R T 7 2R 22 5%
DA KRB R BORE S 1928 5 AR LS B8 R i B
AAERA S LERREFS KRR, XLt
O3HT, RS AR R G 25 SRR AT AT AR
HEWEWAR, ZRBRE, FERNa AR
g

35 fluctuating resource availa-

bility

Davis et al (2000 ) £ T %A R i 3 3
WIFAR I BRIk Pk S sl R 5 AR A A
ZERARS, RE TREE AR IZEIe R
O A AT R B B LI i o B i R
() 5 A 5 BB A B8R 0 35 6 g 1 RV T
M. ZBERY R R TRA RS &
B MBEE B ] AfZYE (Davis et al, 2000; Akin-
Fajiye etal, 2021) o WA SR & 0 5 4045 -
TR RO R A R AR B AL, B R A 4
JERT AR % . T HURERE AR - Al
POIFEIRAI AL, DI 1 AMRF R IR S0k
AR T AR & . P L S k4 (Hobbs
and Huenneke, 1992) .

BRI AE A TII . A0 R B AT 3 P ey 0
ST BTIR, — DISRFTE AR — R R
FE UG BRI LS, XA R 52 e TR A A
ARG PR AN TR, X, L E
C R, FETAS Al BEM WO A9 n] F R B U
DRI T BT P o 10 ARk ) PR, e
U ANE PRSI . (1) AHXT T B AR
AR JH 8 AR5 B RE T, 0 I A T3 ] A Y
TN E G YR FH AR T AR AR A R, AT AR B
Bro (2) MUEURAE R AN 4 Bk e = [ 1 1]
SE, AP ARV, (3) BRI AR S YR
ZRETELA R B MR KRR o

BRI AR B R nf AR E LY . Davis
et al (2000) & H Al ARPEAZEF S A BUK AR &
PE, T n ARSI B 3 s i Jm . BEVE T A
AP AR T FEAE PR AR N R AR, T R R Bk
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RIS A S A1k, e, 38R AR
TRAT g FOR AR =R
3.6 recent niche

BB RE N ESMILSRE
T 75 B2 HE 25 A1 R Bh A 1R 250 18 K 7T e
U, ARSI HLSTE B SR 2 A 2 B Y
J 8 (Shea and Chesson, 2002) . A 25 v #l 4>
BRI, KR, EHARENR Sz BB
BCHY, 3K 6 B2 7 T T 28 A [R]85 A 5 0 A
Al AfPE. AR, B AR A AL B R o A ]
VIR PE . W R B AR, R ) O DR T S [
AR R DL & SR, AR BRI R 09 A B
EH.

ARSI EZAZEE: (1) )
P& Tilman AYBE IR — LR BS  (resource ratio hypo-
thesis ) , A Ah I EA B 0 BF AR GHEE .
R A 9 U 55 SR B vy 1 B R A% fk BE ) ( Tilman,
1985; Shea and Chesson, 2002) . (2) BFIRA AL
PER BB AT DURRE R (2277 ) SBENLE (4EBR
() A AS AR ), O A R o) iy 3 26 35
SIS A 5 1 R ANR, XA, BEIRAE
1o (1 FIRAE 2 18] A % B e AR F PLSs, X B AR
ZN CSEFRAXTAELAE” MR, (3) ARkFRE
A RRER B RN, 8 AN R A B A FH AR AT 4
CaE TR || AT E i O W e A 7 R NE (1 9
TR (4) BEIRAYES (B AR A0 AT 38 2 il A7 250 A S
B Y AP0 |5 e o

X BT BB R HIL S 1 = AT Dk ST ]
PLEAE H 14 ( Shea and Chesson, 2002) , & H.1Y
B mas: (1) PHafEseE, giked i
TR Z , fEMa IR, YA R A Yy
AR BEIR TR R L A AR, B SR o) b
Iy e o7 B R, SR AR AAR B B HL S
(2) % B B R RSO B R AR B
HEIG 0T AP B IR B, R A A
WL L. (3) — T K& &bk Fh 4t
Feda o RAL, ErReH LA sE4 4 . LAl
W, AW, EAYIN R LA 2 A0 S K R
RO EE &, (4) (R REE Pl
o U RS , SLR BRI T R A%
A3 1 B P, B e A A R . A,
K AR I ] BV g, HSE 48 AT e
o,
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Blumenthal (2005) F§ 1, EEFET RKOY
o, AR R R X R 2R T R, X A2
G PR R AT LU . Rk F) T 55
T R PR R KO AR T, 80, K
Tk ik 0 e 7 v R R SR X T B A M
EREE AT ARE,

ZHRARYE WA S A R BT R AL,
AR R R R BACRURR M = B A AU o 5 TS R
ARG, BT AR A S AR = &
W, R I DI A e AROE T B A R R
XEAEY IR Z AR R B R, M, &
BEUR DI A A R, AR U AR A
I, SEMTAERE T R ET DN, X AP R RRR
e BT IR AR B I, BOIR T R A, B A
Sitgpil . HEVER G R, BEHWENETE,
PR A2 B R Foe e B ik, 3XFE, qRF . H
BEURA R B, B IR SR R W R AR TR,
RD SR 3 3 AR A AR 1 T ) 52 B ASON R B
ALAARZE

HERE R, —Leit 5 & AR EE AT A
2 IR DB, e R AR R DU B U
A BIan. Aok B ALK REXT 4 250 0 35 - HE
FROEAT LU AR T T, Wl RUR A AE
B FRIKF L = B M ( Tang et al, 2014; Tang
etal, 2018) . MREIXLEHIFER, FHIH—RHEuk
RIS NAZAFAE SR, I AR S i
FURET X B IR AT R SRR

4

resource—enemy release

R TG IR BRI S Rk /R SO AR ERIE . B
A7 FE RN 9 I — R Sk #R e, i S Eig
HBETE T REA/E ] ( MacDougall et al, 2009;
Pinto-Ledezma et al, 2020; Cavieres, 2021 ) . i~
IR SCHE Rk i PRAS w5 0 R O BLERE L,
HZ LR AER] (GKK3C, 19955 Keane
and Crawley, 2002) ; Jf H, ik/83C (1995) HI
Strauss et al (2006 ) FEiR /RSO PR TixX
SR RSR IR R, RIS SRAP B L RERRTE T
Ji 7 i, LA KRR DX 338 PR R RO A K A AR e T
BCEAN IR, A A7 BRIE T IR — K ik 3% B
Wit — AR T REGkRAE SRR, B



B e, % BE R MBI AT AR A S

FIE BT AT AT R R AR S0 R A28 38
W), DA B AISERHER BRI s (%
T — Kk %332 ) ( Shea and Chesson, 2002;
Blumenthal, 2005) . iXSEHEA(LGRIE T FP R Fh
Bz BHERE, RIRRIE T SR TR,
XA 2E R TT AR PR BB A

VoAb R B AN A ROPE i 3h B [
LERETR TV o B BE TR ] AR PE (MacArthur and
Levins, 1967; Davis et al, 2000) , X H, ¥
A L HEE SR . LHOKSr . Bl &S, A
DX b 3 e B e v I 2 B 4 A ok A
Pl ARG A, I GE IR AT R D B B 5 R T IR
PR A T D S A 3 A A R R B X A SR A e R A
AR RZ I, PR, SRR AR B S A R T A
SR DN S P SN g 0 N TR P 488, &) B B
FE A A PRI R I 1 REVR AT AR P A B 1] A2
ARy, EX AR AR A I B ) b 0 SR B S,
Weshy .

META XA AR TS, #UIREL, 5T
TR 5 I A VR R il . FEIAT I P e
ol SR AR BR ] 9 25 T, AP RFR 2% B 2 1m0 AL AT
B[] Y 3 R R o sy, XA, AP SRFD IS SRR
Wi R e L R Mk, AMRFRES 13
A g HE T b AR, JOF B RO Sk g vm 1
TEIRA RO, T X A BRI OK 2ok A
PO AN R (1B ey L 1 Q= R A NP
BRI TR AT AR B IR — R A
1% RS K X PO B R T SR M A A e 2 A
( Blumenthal, 2005; Beaury et al, 2020; Beaury
etal, 2021) , FR/RICHALBIS IR R PR &
THEEMERRKINSEM, Hi, KR (JoH
k) = RS BRI RS AT DA S O A A
O] AR PR T, AR A AR R 1)
FPERARFFIEA AT R T 3k 28 7 0N

X TR A W Kb v B 0 A B Rl AL
o FEVE IR AR M S AR S S B A AR B i 1) 3
T A 2 RS ARG D . AR AR AR
RES HERR (AR PR AR AL . R, A5 — 2L 8lf
A ARSIz, LR 2 I,
HARSR BN T A, A A 3 A B 7R 4
7 TR W R 2 R S5 A A A B A
WABA BRFE . KX PR IS 45 A A R LT AR
PEEE I T, SR Z AR R .

ABAENE T . FERRE RS, BRI
ANARES 37 ) A 4 5 U R R DL R R Y
JUREBREL, SRR YRGS A SR
FER A PIRN AR Z2 B2 BELIY , T B2 AL
ATESE , B BB R0 E RSN 3 22 B 1 i
EBEPLAY ( Hubbell, 2005, 2006; Holt, 2006;
Saavedra et al, 2017) .

rheVE RS R AR A FIR A5 A B . 7R TR0 R
TRESARZNASIT , SRIARA Tk R R A A R
TEARBCRA, DA S5 Mt Z2 3RS -,
TG G 4E A 25 AR TN AE ) FT fE 1Y 431 3
Fil, A2 2 p i A ARMESE I, X iR, o 2
WA 7% IS AEAE Y Ah B AR BAE . R iy 5
WA R, ABSEAETER — M A R T
R, AEW] 1 R A EAE I AEAE (Ricciardi
etal, 2013; Tang etal, 2014; Tang et al, 2018) .
Hx, IS WS B AR R B, W
Sy, AR ERBERE . AEREIE A &K
IR AR S TP A5 mT s U PR AR ) 1Y 434 ( Tang
etal, 2014) .

i 3o e PR RS 5 A A A B Ok 58 HE VR
WAL LS, BRSNS RRNER. £
ORI NI i ARG T A 1 SR, PRt
PEFLIBE BE L A Hubbell MIVF 2 £S5, A
RE b T — 28 e B 50 9 55 A 2507 B3E (Hubbell,
2005) o 3—Ji i, HVERNSAS T AESA S
ZAMARZ 5w, BIanASRER . Wk B
TR/, DTSRI T AL R AR R VR A v Y
FEENE, LU E A IR, M T A
AOKF ARV ST i BRI HESE s b 3
WA AR — LES I UE S A S HF (Tilman, 2004;
Adler et al, 2007; Vergnonetal, 2012) . #EfHiL
K, PIZRELSRY 2 S50 MR O AR bR Rl AL
sl DLRFMRIFAEARR], XEE R YR 2 iy
Beal, VA BRSPS, DAEHEXHE
)43 A — MERLEE YA (Whitfield, 2002; Adler
etal, 2007 ) .

6

A S A FAS F REEE E R T AR Y F
AH 2P JE B9 AU (4 58 B AE, 2009; Letten et al,
2017) o HiHE TR 2R E /D, DRI ELLgE A
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1%, JFHBER IR ARYE S IR SR R E
% Bk & (D’Andrea and Ostling, 2017 ) ; J& #& T
WPy b ) T IO RE A, ARBENLIE BLFE 2K,
HER AR, I BV ] AR 5 35 &)
AR AE B F2 BT RY G &R (Tilman, 2004) .
TS AT AVRYE R AR FIUE . TR iy Al
W5 38 2o 1 S A A 5 AT 20 5 ik 3K 6 R O i ) T
( Barabés et al, 2013) .

Tilman (2004 ) £ Gravel et al (2006 ) A TAE
SRS D) 1 AR AL ) B ST Y T
Tilman (2004 ) & BL: BEPLAE S G Q) 7 H#F
7, TEXSEREVE T, Wb U S5 O 0 A S 3 2 1A
S TPETE I BEIEACE IR B R BRI
AR AR AR R K IE R R b 2 AR B V%
PRI APEA 2 1 ZFE A B iy, 2 fh Bl
BT 2H A 36 ) B RO - B0 . X — 4521
AL T — M TE R R 7 %8 Gravel
et al (2006) #&H T — &M S P
JitE, RS RFRW . e 1 RIBENL ) 2P A
T ARSI N TE G HE R B BEPLAS Y i 2244, 7E
AP ERFAEOLT , SegrHE R M TS A28
PE— A AR PR . SR, AP Rl B AT X
FERA BRARLE ST, SRR,

AR, B e FREEL ) R RS
AW & . Crowder et al (2011 ) & 3AE 5 H AR
T B A A 25 S R A S 4 A i E A
£, (AL R0 T A58 AR A YRR R AT
R L2 T AR 2135 J5 BEVE H #EAX . Du et al
(2011) & B3 4 1) £ % B HORE 5 B2 ] LAHIRTH 58
FEAX BRI R AR R SR T SE e, e A R
Yy#p 534, Tang and Zhou (2013 ) & Bl H A ¥k
IV E NG A I € % i B 2 0 P A
F IR AR, AR R B R R A AR ) A A i
Pigolotti and Cencini (2013 ) & B/ S0 Fa E RETK
KR B YR ) 2R, WORE P R
B FF YA IAE . Latombe et al (2015) 4211
TRV AR BT Beas M ME A, X A5 A2 H B ALY
AR SRR B ) — D 24 ], %
() AT LA 7R PR 28 g et e A o ) v ) B R AR B
Souza et al (2016) F5 i, H T/EEA &H S ME
RIE T BB, AR A ST AL 46 AN [R]  T
YA MRS AL . IXRERY A AL T ITA i
J7 18 R T XI5 A L FE A2 . Ruziska
etal (2018) Iy, BlALAS (AR5 A AL AT LAV ASE
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AP EAEXT LA AE ML . Cao etal (2019) $2il,
TEVEU i 5 7 it R0 B B ) 2t 70 A U A S v (R AR G
YEHIBE, W25 &Y A AR RS, R Bl A 1
ROF s, e 7 4 PR S

XA S AR AR, 1R
7 A B Vs AT A ARAE i B ) N o A R PR
PRGN FER A AR 2 J5 (A A2 ) B A5 B
RBEPL 5L RS vR I8 S AR S i BELM:
RO AP EFIARE IR T R AL T A,
s L EREE AR I, B3k SRR R BE
AN, DUt FH A B U5 bl 38 X — 8 22 7 i A H)
FEMEN], REAS T 37 JF TR IHhaa (9 Sk A AR A B
FEM. Richards et al (2006 ) HIAFFT5RIE T FA AT
M5B AR REALUC BCAE AR P BB, %
DI W TR 7/ il SRV R TN (R
B, WA E R e T YRR R R
B, AR, SR, BRBEETR ORI R AL AT MM A
Wi i, DAY BAEREAL ) S e T AR
TR ERE B P REE o

FEAA G, AT K B 3 ek R 27 3
EA AR B R D R IR Z RS e, RS A
B 1980 AT DL AR BERLIE T 5 R, W] DLk
Pl s g . 35T o A R RS R . AR
Melbourne et al (2007 ) Fl Zhou et al (2021 ) AIHF
FEER, GG E RS S B L Ry
BT LA BT AT b DA R S ke Bl A~ 1A in i T R
Whism ke, BIREREZERR, kT s
AT AN, BRI TRER L, A, IABE
SRR, BIDA) PR S B X, AR R AT B AZ 2
2 - R AR ELA e R o

TEMARIET G, BT E NN, X
S T IR R A 4 A/ S A A A o ol A T A AR
i, HOR T B AR A R ) B R ) 25 S DL A
AR R 2 5. ik, ARRFpAS AR
AR EE SR ), HE R ERR T AR
P E I

ARSRFPASREIR . M ARG IR E
RSB, XA L EREIE AR AR
B — A H LR AR i R ALRTA 2 T 2[R P
WAL A . SC . B, RS A AL B R
e, BRI I T AR SO N &
4 g T U 7 A ) AR G T AR SRR 0h Y B
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LAY IO VN
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