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Abstract: How species coexist locally is a fundamental question in community ecology. Classical coexis-
tence theory underscores the importance of niche differentiation between species and focuses on specific co-
existence mechanisms. Studies on these specific coexistence mechanisms have profoundly contributed to
understanding species coexistence at the local scale and inspired ecologists to create a more general contem-
porary coexistence theory. Under the contemporary coexistence theory, species differences are categorized
into two groups: niche differences and average fitness differences. Niche differences serve as stabilizing
mechanisms that promote species coexistence, whereas average fitness differences are related to equalizing
mechanisms that drive competitive exclusion. In this paper we provide a detailed review of contemporary
coexistence theory, including its definition and theoretical models, empirical tests of these models and their
applications to biodiversity studies. Coexistence theory has applications in a number of other areas including
biodiversity conservation and management in a changing world beyond the basic concept of how communi-
ties are structured. We show how contemporary coexistence theory has advanced the niche-based classic co-
existence theory, helping us to better understand the underlying mechanisms of community assembly and bi-
odiversity maintenance.
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i T 22 ) P G ) E B S TR VR IR R AT R BE TR
ERFMAEYZ R RO N . H20065 LA
K, BN — L SCHE TR AL SRR AR ) 2 R MR 4R RR L
MIZER KT AT BT/ AR R FI5K K 55, 2006; 450
E 25 2009; 440 K&, 2011; REEUNAIGK KB,
2011; BRéESE, 2014). EMUERFITK K 55 (2006) /48 T
FEVE PR R P AT TR GE S A AR il
TR ERE, 200 73 BOR ) 2 A B
P R LA I e ML, 2 5e B 45 (2009) 7E 7]
oA S FRAS ARV R ERR R B B SR AL B, AT
T OHZ N EE Sy B AME, BT s
HIFTREIRAE, 2 VA I Z WPk A7 vl Re 2 B AL
FEFIHA E A F 3 RIS 2R, T o BB 7R 75 2L
RN TE 2 A oTlk, 4L K55 Q01D ERIR T
FHVR G R AE DA AT 7t R, wHe T
e AR K T 3 2 6 B 95 22 0 A A I R
JBEUNAITK K B (2011)% Vellend (2010)42 Hi f3E T
AR BRI NSRS AT T A4, NE AN AR
HPARAS R SRR T R R IR T A, BRé
HQOINN A T EBAL S WIEYI P 2 FEMESE R 2
HEPER, BRI AERER I 7L 7 2 AR 1k
X} SR IRV M R R . X B ZRIA MRS SN E Y A
HE TR AR EAAEY Z T U TAE & AR
N6 S A ) 22 5 1 T 4 R AL ) 1) T RARG 1
FHER . AR, LA LZER B T I 4 24 F
JLAF PR IX — 1T T AR BRI A2 A 5 K B NS BR
) 3 Rt

Je 3ol RURE b (R 40 Ao A i) R A A R AR
V2 REVESEREH LB 50 0 B8 B R 2 o AATT 0
VR JEAF . TEVE M RN AR W) %2 B M 4 R A B O
W JRIEMEA, (ESEBR B R AR A S S
W ARAATEEN FRE L ES . PR 7 im s DU
AINREE ERIBEE AR TIN5, H4E Vellend (2010)H]
TR A NS AESE, N & T 3R A MDA S5 F AR i
PR WAHELAE FH A R 2 B S &R, i
2 RE SRy AR A AR 2 WA R B DA R )
ORI oTER . TR 5 2, YA EIe EEE
AR AR D B T VR A B I A S AL A A RN
EEREER.

AL S TR BB T 4 SRR A E S K
HFRYE; fEbHEnt b, /48 T Chesson (2000)#¢ H
AR R SEAZ R, A FEIIRNEZL I SURN S

SIS IAIE TAF; HEMART AR A IS ARV
AR MBS ZEPRIN M, SR ELy
b WS = SR HEWT 3 AE BBV F i R RE A AR ) 2 R
PEAEREHLE], LU S er B2 A 24 A AL A7 R R il
MARAAL IS foem B I B R Fh A7
Mg HHAESA I B EMAED 2 E4E
FEHLAIER 2 (A BB 2R, 1K1 B B DA AR S A %
O RV AR 2 S AR R AT REIIIE 727 170 o

1 Z#EpipdtEER

22 P o A7 P S R R AR () P b S AE L
EE At bont 38 BRI AR S 0 I 1]
A AL AR B A AR S AL A, L s ml 8 i 2
AR SRS A HE HY (Grinnell, 1917). Grinnell 4275
R R G/ LR P 2 e 3 B e Sl (o NG
47, requirement niche), TMElton (1927)) 4 A7 A
o U i R P A R o R 1 PR B 5 ) << B i
(Fmi A= 25407, impact niche)o SO AT A AL HE 2
A B [N IRAF E 1 % 49 B (Grinnell, 1917; Elton,
1927; Gause, 1934; Hutchinson, 1957; Leibold, 1995;
Chase & Leibold, 2003; Soberon, 2007), {H &4 247
AR T A AT ) B A R AP . Lotka-
Volterra 3 S+ U FE FHAG B3R B 1 My 524 5 M A]
55 4 BRH NS 5B B IR E T AT AR E AT IR 2 KA
4+ HEBR (Lotka, 1925; Volterra, 1926). 4k 42427 5¢
Gause (1934)iid )8 19258 46 IE | Lotka-Volterra
T AR (TN 45 R, X RS ARt BRI 3 AL
I A 4ERE D RS AE B 0 B2 A, RI“TE 4 HRBR VA
] (Hardin, 1960).

£ Grinnell (1917)42 & A& 5200 T, Hut-
chinson (1957)#2t 1 B ARFAA AL RIS, BIFh
i & R 2 AR R HL R RE ), AR E
EHAGIR TR SRR 7 oK FEIXMESE T,
Hutchinson iz K - 4% R M A7 P e [A] ARABLE B0 BT 3%
Forb BAT H B 5 1) AR R T 3 Wik BRI
Hutchinson b 71]: 4 AN AHAL I ) Bl L A7 I, B0KR
(R B BN .36 SE ARk
KANRA T 84k - MacArthur5/F HutchinsonE 25457
WHER EITR T — RN 2S5 HA AR YA
=B I i AT LA (MacArthur & Levins, 1967;
MacArthur, 1969, 1972; May & MacArthur, 1972),
A A 22 I 0 A 25 5 2T IR W B R SR ) A
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BOLHE . RS ESFEES . R PRARBUE R i R
N, HABE RS AR e JLA7 P MRl TR AR AR
AR FEAEAE — A BBR, it R, Pl Pk
Az e GrHERR AN T A e A E 2547 (MacArthur & Levins,
1967). 5 2, FAFYR A AESA AR IR E
2 . M Grinnell (1917) % Hutchinson (1957) F %I
MacArthur (1969), Bl T #Fi A EE 17K, X
L WP IAF PR K R b — 2% 14, HARR
F 2 LA Lotka-Volterra 5% 4+ 15 1 4 3 fill o Lotka-
Volterra 3¢ 4+ B B & I G T | DA SE 5 R BOX A il
G 4R Bk T G AR SR BARL x4 A I A7 1 52
(Chase & Leibold, 2003).

FIAh— R EL UL E B A Y FE R, FE R
MacArthur #& H 1) 3 9% # — 5% JF 151 2 (MacArthur,
1972) o HWLIRAAL A XS I GAEAY (R LA AE T [R] I 2% 18
T YR PR T SR Ao, IX R AR S A
S — IR 5E R, £ Grinnell 42 25 A7 #E 25 A1 Elton 4= 7%
RS ZRE . DOLERBAY Jy B Rl Al R M A A7 1)
T A4 T MacArthur (1972), T ikiZ R A B 40
{72 Tilman (1980, 1982), LhundLHe iR+ A1
BEUR LA U e AR A AR R R S b ) — S B
Mo FENLEER ) PR e 5 A7 B T34 U7 1
TR BLET 2 R P55 10 75 5K DA S WAoo #1358
ISEm . 52, YA ZAFR GRS, HizY
Ty B A 22 1) DR UG B 2 PR ) LG R TR A B U
P12 I, MacArthur )78 3% # 55 P  a] DU R
HOFAERETE A I L A7 10 R (Tilman, 1982). 4R1M,
AR b 0 e 26 M A B Y 2 L AE SE BRI VA R
MR ATHRAEE, BOHEREAT SEEREGHIE .

ol A B T I R AR A0 72 i T AL BB AL (1) )
T A7 AR R AL S AL 2 A F0 58 S AE W b 3 A7
VR AR T — M AHXT 25 S PR BB AE SR . SR,
FE201H 2080904 AX, X Wy SRAB Y HI 21 1 9 2L
JFi5E(Strong et al, 1979; Simberloff & Boecklen, 1981;
Lewin, 1983). W50 &I, IRZ ¥R, WHutchinson
Lo, Scbr BEIFARA ST B EENE, XEWRE
A= A AL 3 B 5 X A AR AR IR AR R 2
A E IS A B2, PRk, AT m] A )
T SEAFAL O T B AR A . I BEvE 2B S
PR E, NATTHIRA R IAS [F) R Vs R AL R 3L A7
BARHLHI AR . N — Ll S, TIERE R
JCE & B A EL 1R 5 B (Tilman, 1982), M7 5 4h—

LB VR Hh P Fhont D' e ) 5 4 D S A 32 224 FH (New-
man, 1973). BEAb, PPk E2 6] AR 541 70 B (Mac-
Arthur, 1958) 1} [H] £ 2547 1) 4 4L (Chesson, 1985)
FEAERF R LR A AR OCkE . R, X T 3EAS
BARMBRN S, MAIES R EZAHRILFE
FEIEE R, SRR RIS . A F K&K Z 6
I HFEM DA S I B R I AR R R . X R
—UE RSN T A BT C TR AL
I AFAE & P O BB HE SRS (Lawton, 1999)?

R, E201H 20 R A i A2 A ot A7 AR
PER IR RN T e B . BIEX g8, FRA17
RINFEVE AR T H— R Rk & .

2 R4 EFER

LAY ILAE B 2 T BARR LA HLH], B
M RTEFE AR ILAE I — Ve . FEREE Lk
W, RTYRhICAF AR Y AR R 3 57 1) BE AR AE
28, — & Chessonti th (1) 8 TR A7 1 25 6 1t 2R
FEZR, WAt e KFIAER R AR I B e
(Chesson, 2000, 2013); — f&# ¥ 1% ¥ 8 (Bell,
2001; Hubbell, 2001), & 2P Hh ]I 2 7 50
E A R 22 0 TR AR I R . R
PR A R 7 AL W HHE I RE ), (H 2 R
HIRTSR AR E 5 AR AR . O 2 RESETE
WO A FAR BEAT 1 VR AR A/ 4 (RBUR A KR
5, 2006; 38 E4F, 2009), FTLAASCAREEEE. T
1], FRATEEE Chesson (1) 4 A b L A7 FAR 1 ¥
RUEH .
21 ETNESMINEEEER

FAXE T PSR E VIR Dh RESE ), AR Fh
AP BRI T8 22 7 o i3 AR ZE 5+
(niche difference, ND)F1-F14i&E & % % 5 (average
fitness difference, AFD) (Chesson, 2000; 2013) (K1),
A B2 AT B i B 22 S U AR H A B
R, SIS J AR B b 222 S5 i 2 ) J S AR )
7 5 0 e BEREFE AN o X T AR 2 S, AT
DAPEIn T B SRR R A SR R A8 R &
FAR R ST BEIR H r AEA RS, 3T d & %
S, FAAHFATT AT LK H AR ox A+ [R] 53 A2
FIH 2 1 2 5 (HilleRisLambers et al, 2012).
MW, AR PR ESEERT
1 72 WA AR BAR PRE RE, RO AE AL 04K
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Fig. 1 The conceptual diagram of contemporary coexistence
theory. Species differences are categorized into two groups:
niche differences and average fitness differences. Niche differ-
ences maintain species stable coexistence, and average fitness
differences drive competitive exclusion. For a given community,
the balance between niche differences and average fitness dif-
ferences determines the outcome of competition. In the gray
region, niche differences are larger than average fitness differ-
ences, which results in stable coexistence. In the white region,
average fitness differences are stronger than niche differences,
which results in competitive exclusion. Niche differences cor-
respond to stabilizing mechanisms, and average fitness differ-
ences correspond to equalizing mechanisms.

(Letten et al, 2017). Xf 742 P ILAE T &, AR
22 S OB AT, T T 34038 B P 22 S DU /N e -
HE 2, BN ESBEAR T REAE, mr
P13 G P 2 B R R A ) TS kR o 0 TR AT
— LR, ESMZERTPEESEEZRN
X R/ T s e LA e o KA w4
HEBR(Adler et al, 2007), X /& 40 Ah L7 3R iy
NIZOINE . AR RETC A A5 2 A & &
ZE S, BEVE RN PERS R . AN L ok
w, PRSP IR AR E AR
1, B R JEE B — Ml (Adler et al, 2007).
22 BREX

n ERTR, AR AL R (NDYRIT- 308 4 B 22 7
(AFD)J2 P 3 R P b e 2 5, anfe] AL IX 28
ZE R MR P I B HESL () <8 . Chesson
(2000, 2013)7EHE H A AA P S A7 FH R AE ZE 1) [B] I,

25 W T E T 2 R Bl Lotka-Volterra s S+ 5 7 11
=R/

O X O+
_ Y Jt
p=1- )]
a;xay
5 /aiixalf' 2)

Horr, oMoy RPN S84 R, oMo, AFHIE SE 4 R
B pRNEBNESR, | - pRENESMNER; ©ix
KNG A FE 2 7 (1 7 N Kappa, A [A] T Lotka-
Volterra e S8 1 RN E AN EK) . VIR E A7)
BTN 555 RELRIN R T FHAI S R 0 > oy
I Hoy > o0

Carroll55(2011) AHLEE AL Rl MacArthur 13 2%
TRV O, BT R NR KR, $E
T RA— M EAES AL E F (ND)FIF 3 IE A B 2%
SE(AFD) W J5 ik

n
ND=1-]Ts"" 3)

i=1

AFD = expl:((lnS)z —1ns_2)l/2} (4)

Horb, nNTEE NIPIRREL, SRR FEVI RN TE R
Uk, d i A A

§ = 1 — P8invasion (5)

P8 alone

HH, pgrimasion SFIEERINZ I KR, paraone NFIEE
P B KR SERR b, A A S AL 2ZE FNDZ 1
P2 3 S BURAE S LA T 54, -1 35E &
J5£ 22 5 AFD U2 W) 0 5 S UM SR T UART AR 7 22
YdpRe e S 7 209 2 AFD < 1/(1 - ND).

A AL ZE R BTSN 0-1, ORI R A2
fERES, | RAVMESH TS E; FIYE
GIEERNBUEEE > 1, 1R MRS S E
MHENREEEERZER. Bk, HAESMER
ND = 0 H P39 &35 B % 5 AFD = 1R, Bk
Ryt

E20004F- Chesson$ H A4 Fh JL A7 I E R HE
B G IR0 A A I T N, ZAHESE — E S R AR
BRI 2 A SE IR IR, X AT REA LA R 3AN T
IR ER: B —, FESEBR TAE F e 2 I & 58 4 R 3L
MR N EIE KRR IGKEAEAIRK
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PPk, —E FRRE B BRI T X AR A AL 2 7 AT
&2 R B AR A, 55—, Hubbell 720014
T2 H ) v b PR IR G T s 1 AR 1R T
BRI R RIE, FER2MERIEAES
R ME R RG] B R 5 A S AL EIR
$ip2 b, 3=, ChessonT-2000F &K £HFEIG1EC
FHXT EUR MR, BARIX — s AN R A, (HA
A 22 ) R R SR — DA R B
e K] 2%
2.3 TREMNFIFIZF LA E

VIR AL 2E 7 R BT RE L, ~FdE
G REEER T AN W ERTR, 7RS4
FhILAFER I 2, FRoE AL 5 35 S AL AL ) 3 [R]
S 1 IR RE TS S IAS E FLA4F (Chesson, 2000, 2013):
FoE AL ) 38 3k 4 b 2 1) P A 25 L 0 A 9 55 B
THBRFEGHFE MR, T 3 SR AL e i B A4 Foh 2 [
& A R 22 S ok R i A7

Tl e 14 K 1) A7 % T | £ B #R A MR ot B
SEACHLE BRI 72— FeE RV, a0 AR
— NP ARLFR G, HE 2% P R
2RI H 1 0 34 (Siepielski & McPeek, 2010).
£ Lotka-Volterrase 152 44 v, Foft P 55 4 5 T Fh [H] 52
e AL AR 8 AL ) BARAAR I 24 HAY
2 Ff P SE KT R R SE A, PR S SRR E 1)
A7 (Lotka, 1925; Volterra, 1926). A2 tbALHIH i
T KER G LA R PRI B AN B 1R, B4R
FpE] R s 18] 2R 25457 704K (Chesson, 1994). %8 [A] A4S
P13t (MacArthur, 1958). #5454k (Tilman, 1982)
iRy 5% K 52 (Janzen, 1970; Connell, 1971)%% .

PR A2 8 P P 2 R 1) 3 A B
S BCE PR AE S5 4 RE D 7 THI ) 22 e R AR I L AE 1 o
DA BEI5 1 55 4 9151, Pt B2 6 55 4+ g /0] LA
BT RHMEREK IR, BRI FIERETE P REBE SR T &
T K 1 B2 5 7K P (Tilman, 1982). 42 AN
[F5) g 21 F A ) R R ) 1 B2, A SR IR E )
Pl 5w G HEBR B Fr A S A P Fl . [RIE, ATEART BEDR
AW b 2 T) R A 22 S5 11 TR 0 0] B VA R 350 S5 A0 1)
BU, Bt S e A A 4 26555 . AET
SEAHLH, BN =SB R 2, 2
Y A7 AR I TAE JL-F- #8722 LA E f bl A it
FXT G, SRR Z [ AR AL 1k, EIR DG
AL . S2BR L, BN BT 9T AR R

YRR IR IR E AR B T B PR K K FE 1) (Ch-
ave, 2004; Turnbull et al, 2008; Ostling, 2012),
24 SEUNISSIE

XoF 24 AR ol e A AR 1) S G B E R % B AR AE
RS N R B — 20 . NI
] S [ JOE P8 SR AIE A, — T T ) B i U B A
(it fe, o — 77T & Ay B ot 7t S 10 07 XA 4
U T i SESG RIS IE S A A A HE

2275 A W SR A AR A A 2 S AP S
BIEZ R TTETT LA H, 56k i) oo s 2 SRR A
AR ) 5 4 2R B s A O Y AR B . H
AL 0 4 AR A 3 A7 B0 1 S AR B ik E Bk H —
AR T HIAE Y #EVK (Levine & HilleRisLambers, 2009;
Godoy et al, 2014; Godoy & Levine, 2014; Kraft et al,
2015; Germain et al, 2016), X 3 E &R A—FAE
VIR I SEG I, 5 TR BUM RS KA 55 4 &
BIA s o LevineflHilleRisLambers (2009)i#
1o 7 38 IR AR JE S M A B A1 47 i) S50 B AR A
MSHAL, SRJEERIRRTY ik B i N 58 4 RS
TRIATE S R A W B PTIR, R e LA R B 2 A
W TG RBOR T ) 55 5 8, i DAX A AL 2R AH 24
T LB TR SN ZE SR . SREY], ERE
ShZERE, IR E WR TR, Xt
AU TS AL ZE RS T A E 2 . Kraft
£5(2015)F FH 2RI 773, i I 4 i B 4 0 7 1 VR
T 77 IRAT T A 55 4 SR BONIM I) 38 5 R 8,
MR T PFh ] ) A 2500 22 S AP 3018 & FE 22 7 o
IO RSCHE T AN A LA R TR AR A AL
ZE SR B 2 S AL R RGE T IR SE IS )R .

FHEC T — A BB E, AR I
W AE 2 A AR H R V& v I 30 R A5 2 T K U0 0 4
PE I FL B (Adler et al, 2010; Chu et al, 2014). Chufll
Adler (201554 T 63558 K3 i Aor W8I0 1) 5 i B
S, W T ARG S B T (AR A
KRR, SR E @SR R A (integral
projection model) ) F-Bit HAMRENAR G, BEM
BB E R E SR ER . i R R
SCRE T AR A A7 B B T, [R] NI A AR X
6 B SR VR rh P R A A A 22 S AR KT 1Y
TG B2 AR BN, X R X 2 A
T AR R V& S )R] AR A A 22 R () SR 2 RS R, A
X Kt JEH A2 52 (Chu & Adler, 2015).
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WAk, 3B EFE A R FH HA T 5 3R (1 5258 &
gt, LAY R 5i(Zhao et al, 2016) 1K R 45
(Narwani et al, 2013)>RIGIE S FIHAFE . B
A X LT 5T AN S 1R A R SCHE T A A AR
PR TR, 0 AR A LA AR A% 1 S FL A
UNEE YR

3 HRMMAFEILHNA

MR FPILAF B RS SR B TR
L0FEPTRU, th/EE 51 Tk 2 AR E XK
R AN DG . XA R B YR LA AR A
T A a . WEMERIRISHESE, EONEE R
BAAEFEEENSHNE, ARRAESFHIRZ R
B (1 ok 27 ) R AR AR A T T 0 JEL 2% A AR £ (Chesson,
2013). fEUL, FRATFIZEFEA 7 TR BEvE AL 2
AU PP BT R SR A 780 1) TR 22 52 T
31 ETEEHEHEE

T VR A2 25 2 1) — T B AT 55 2 AT VA A% o) 4
WT N TE B A AL o — R T I BRI 2 AT
K Jo SRR o A5 T 18 A0 5E 4 7E T V5 AL I R R 1
FEXIAE A an SRALAEY PR B PR 43 AT ARG T A58 A
KRN RN R, T2 HEWTR BT 82 S
PR BB IS 7, Rz, WRMAR A AR K
BUIA R, APl 2 8] 1) 5 4 I AT A 2 S
(Ackerly & Cornwell, 2007). — &3 T34 L Rk
REFEESY, SET IR ERLL: W
A BT AEF o5 3 ST, A4 AR B AR B O ik
LR S, SRR RO R, AR I A
WRMERE, MKk, RS RS AR
VIR TC S T IR — 85, BEVE AR SR R R
MHEzE, RN R K HU(Webb et al, 2002). X F
MK 53 HE T I B 1) 77 15 AE 2002 4F Webb 45k 2 Ho 25
WS SCR R R . RN, 75 RS S
T — AR DL E AT E, RISREG G Rk
T SEA R, RO R T R TS o

SRIM, I 87V TR — — X R TR 96 R ATE H AR B
W RS AL ? MayfieldflLevine (2010)%) b4
TR EE: S5 R HERR R SR & O RIBA )P
(AN3R 2 % R BUR PR A AR L) A2 2547 75 5K),
WL 2AERIE NS R BB R R, SE45HBR
(12 5 5% 0 FR LT I )P (W05 25 0% R 800 1 2
ESEGrEe ) B Re 2 RROK), WS EREILRE

DL R . 52, TP FIMEIE EAA v R
FAERENXNKR, Lide——Xt R R R IR
38 7 7 ) (Mayfield & Levine, 2010).

AR AT AT BRI N AR P IX A ) R A T A
MR T 4R F e R, )
o] ) 22 5 0 N AR S A 22 SR IS A FE 22 5, 1
X2 L SE AR T R A7 2Rk Bh 77
TATAT DO IX P 2R 2 A S MR . e
FIX P 2R R AR S BAR R R R IR RS S A
— AR AR IR B AR UL ), $RB A AR R,
it BE A R A5 78 N LE B BE VR F B L (Adler et al,
2013; Kraft et al, 2015). Lhi, ansf-FiE & % 2 5
il KPR R S MAM KR, W2 BEwRE xR
G K R IR LS & 2 R OK, P YE A
JE 22 S ORI o 1) 5 G i, BRAN 25 5 A A
HAT A — 2 TARRGE A R . DA—4F
A BRI NI SO B, Kraft®:(2015) & BLIE ik
BHRNATREHER A, K ek 5 P& &
22 e 2 [ AR DG PEAR 3, T 5 AR S A6 22 S IR A %
PEANBA B, IX B R XS T RE IR 32 BRI 24
Pz MEESEZR . LSRR AN %,
Narwani 55 (2013) & LA Ff 1) 1 1% 2 86 59 5 AR A AL
ERAPYEAEERYEHEMGLR, SR
R IAF WA X RT3 REE R
Gl B IR EE, B R R 4ok R 5%
GRS %0 R 55 S I RE TR AN
FAL T« GermainZs(2016)tH & B R BE 5 54 4541
ZE R AP S G E R —— R IR R
32 FUMSIERTILAYEREER I

T FEE R [ K S5 PR B A% A WE T DA I R e O
VB LRI A FH 5508 R4 7= A B A5 I, T LA
T8 5 e A A7) (8] (4 R LA PR A0 3% G A TR 1 R
Me(Chu et al, 2016) X Fh R 5E AR 40 By 5 200 [R) 2
RICNE T B TR S A1 75 A 52 1 ) B 22 (1) AN i 5
KJF(Gilman et al, 2010; Adler et al, 2012; Angert et
al, 2013). B4 QAT 4G 285 s T A A IR - [ 482 5 1
(1 550 P55 W, 2 K 12% ) R 174 [ 225 e A% Dy ) T A 75 7 22
7 F8 S I TR) 52 52 e £ LK HE (Adler et al, 2012;
Kleinhesselink & Adler, 2015). 13X i [] 422 5 0 /&
8 3ok A R A ELAE SR (), DRI AR A
AEERV, FRATAT DU G RS0 A e R AR A AL
ZE SRR, W IE] IR 5 S T BERRES, S (Al
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41 MERILERAFHRL
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Z W B VR A2 A 2 500 AR A L A7 BB I B 32 A0
AT ER 3 YR T B R () R R BT R . AR, OE
WFRATTHY AR B, Toie 2 R TE S R AL 2R
NG AR, RS PR b B A A B IR R IR A,
XA SR AT 4 B H AT X 2% 38 (1) 5256 56 IE
A EAE P AEA X R RS, a1 — AR RAE )
REVE . UEVDRE VS IR

FE AR AP AE A b, YRR 38 4 (0 45 )R A
PR FaE HAF i E SE g HEbR . T AE B RTFIE
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WD T ) 1K B T A A AR DLLE R
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T FH A0 8] 8 14 PR 8 (PR IR B 22 8, Ta—Ti)2RAR
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JrIE ), REAREZE Ria B T M A7, (A3
2 P ) AR S AL 3 Ak TS R IRER B BT 7
), PRI S ) B) 3E A B 1 22 7 (Kunstler et al,
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I RPN AR, T O 24 AR
HAEFR T RAT A RIS UE . R A 4 AR
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ten et al, 2017). 7E4RAESAERF, YFhEeds 3t
AERR T3 T7TH: GHRIALES 2 i PR 1) 75
SR UL RIS RS 520 . AR A X3 R R 5 4R
VAP AT B B AR S A 2 R (R A ML) RS- 1
& A2 (B EHLED A A K HR? Letten5F
(2017) & B0 55 U5 P Ak 4 2R A B 1) A2 35 S5 40 I ML
WK TR 5 1) 5 M A B P 2 A A BT, T A e
X I 1 75 SR AT RE A H SR AL B RT R R AR e 1k
BL o Xt Ul S AR LA B 5 SRS
HIRTA SR ] DA ML S G —i2 ), AR
HREGE A AR K IREHORIE = EH, i
9B A TR M PR AR B I AE SR R B
43 S5ETFTEHENEEHENFIMRNES

A S5 i U ot i R G AN B A e — ek 2 A
WA AT EE . LD T BT/ 28 0 D R P IR R
T R AT VA N ZE R AL . BEVR AR P
—ERRSE b T E AR R B R IR, Eeand)
PhZ B oA, 12 7 A NEFEFIRAR D). X
fRE T Rt BOR AR R S T 2 AR VR A
SRR SR E AL, R —EIRRECN
RN X — B R R T &, AR EAS
Ol ReE A 2 FEHED . YRR A ENS AR IX AN
TTHRTHE T —28, HEDIReERAIE R X R ML S
e i W] SE AR 7N HY S R A O E

Vellend (2010, 2016)3& H f15E T i F2 IR VA 44
FEHE SR A 0 Ok T A v f g pL ) 3 v BRI

A F ke ARBEWIRITRK 55 (201 1) i 1 i 4 A
AT TR . S 2, IZERHE DL AR
N, IO BRI 4 JE AR R 3L H]
PRE: TR AR PIHOMEA . FEA R
B LR AR T EEAE T REAN ] . Horp, P IEEE
(B0 JEE 1] 2 B AR OBE 1 £40) P g 2 FRD L R AT T 24
KA AR SR IATERE . AnfPRe 24K
Vb S A7 BEAR A AR S AL B0 5 B T O R I R A
FEMEZRAT WIS B kS, M i i A A
W FEEYERF N ERL, R ARIT S AR — A
HERETTI . BEE DRI A7 B AL T I R
IR AL SR B AR e 3, TR AR 3524 IR AE
R AN RIS 3

B AL RAE20165“% + B iERm E AKD S
R A A7IRE 0 ok E 219 @R, R B A
F LA ST B LT AT R LA,

SRk

Ackerly DD, Cornwell WK (2007) A trait-based approach to
community assembly: partitioning of species trait values in-
to within- and among-community components. Ecology
Letters, 10, 135-145.

Adler PB, Dalgleish HJ, Ellner SP (2012) Forecasting plant
community impacts of climate variability and change: when
do competitive interactions matter? Journal of Ecology, 100,
478-487.

Adler PB, Ellner SP, Levine JM (2010) Coexistence of peren-
nial plants: an embarrassment of niches. Ecology Letters,
13, 1019-1029.

Adler PB, Fajardo A, Kleinhesselink AR, Kraft NJB (2013)
Trait-based tests of coexistence mechanisms. Ecology Let-
ters, 16, 1294—1306.

Adler PB, HilleRisLambers J, Levine JM (2007) A niche for
neutrality. Ecology Letters, 10, 95-104.

Angert AL, LaDeau SL, Ostfeld RS (2013) Climate change and
species interactions: ways forward. Annals of the New York
Academy of Sciences, 1297, 1-7.

Bell G (2001) Neutral macroecology. Science, 293, 2413-2418.

Carroll IT, Cardinale BJ, Nisbet RM (2011) Niche and fitness
differences relate the maintenance of diversity to ecosystem
function. Ecology, 92, 1157-1165.

Chase JM, Leibold MA (2003) Ecological Niches: Linking
Classical and Contemporary Approaches. University of
Chicago Press, Chicago.

Chave J (2004) Neutral theory and community ecology. Ecol-
ogy Letters, 7, 241-253.

Chen L, Mi XC, Ma KP (2014) Niche differentiation and its



B4

IS DRI A BRI FUadk 353

consequence on biodiversity maintenance in forest commu-
nities. Chinese Bulletin of Life Sciences, 26, 112—-117. (in
Chinese) [F5#%, KRR, S5e1 (2014) £S5
WRBE V& 20 Fh 22 FE V4 RERT JC R . AR @ BL 2, 26,
112-117.]

Chesson P (1985) Coexistence of competitors in spatially and
temporally varying environments: a look at the combined
effects of different sorts of variability. Theoretical Popula-
tion Biology, 28, 263-287.

Chesson P (1994) Multispecies competition in variable envi-
ronments. Theoretical Population Biology, 45, 227-276.

Chesson P (2000) Mechanisms of maintenance of species di-
versity. Annual Review of Ecology and Systematics, 31,
343-366.

Chesson P (2013) Species competition and predation. In: Ency-
clopedia of Sustainability Science and Technology (ed.
Meyers RA), pp. 223-256. Springer-Verlag, New York.

Chu CJ, Bartlett M, Wang YS, He FL, Weiner J, Chave J, Sack
L (2016) Does climate directly influence NPP globally?
Global Change Biology, 22, 12-24.

Chu CJ, Adler PB (2015) Large niche differences emerge at the
recruitment stage to stabilize grassland coexistence. Eco-
logical Monographs, 85, 373-392.

Chu CJ, Havstad KM, Kaplan N, Lauenroth WK, McClaran
MP, Peters DP, Vermeire LT, Adler PB (2014) Life form
influences survivorship patterns for 109 herbaceous peren-
nials from six semi-arid ecosystems. Journal of Vegetation
Science, 25, 947-954.

Connell JH (1971) On the role of natural enemies in preventing
competitive exclusion in some marine animals and in rain
forest trees. In: Dynamics of Populations (eds den Boer PJ,
Gradwell G), pp. 298-312. Pudoc, Oosterbeek.

Elton C (1927) Animal Ecology. Sidgwick and Jackson, Lon-
don.

Funk JL, Wolf AA (2016) Testing the trait-based community
framework: do functional traits predict competitive out-
comes? Ecology, 97, 2206-2211.

Gause GF (1934) The Struggle of Existence. Williams & Wil-
kins, Baltimore.

Germain RM, Weir JT, Gilbert B (2016) Species coexistence:
macroevolutionary relationships and the contingency of his-
torical interactions. Proceedings of the Royal Society B: Bi-
ological Sciences, 283, 20160047.

Gilman SE, Urban MC, Tewksbury J, Gilchrist GW, Holt RD
(2010) A framework for community interactions under cli-
mate change. Trends in Ecology & Evolution, 25, 325-331.

Godoy O, Kraft NJB, Levine JM (2014) Phylogenetic related-
ness and the determinants of competitive outcomes. Ecology
Letters, 17, 836—844.

Godoy O, Levine JM (2014) Phenology effects on invasion
success: insights from coupling field experiments to coexis-
tence theory. Ecology, 95, 726-736.

Grinnell J (1917) The niche-relationships of the California

thrasher. Auk, 34, 427-433.

Gross N, Liancourt P, Butters R, Duncan RP, Hulme PE (2015)
Functional equivalence, competitive hierarchy and facilita-
tion determine species coexistence in highly invaded grass-
lands. New Phytologist, 206, 175-186.

Hardin G (1960) The competitive exclusion principle. Science,
131, 1292-1297.

Harms K, Wright S, Calderon O, Hernandez A, Herre E (2000)
Pervasive density-dependent recruitment enhances seedling
diversity in a tropical forest. Nature, 404, 493-495.

HilleRisLambers J, Adler PB, Harpole WS, Levine JM, May-
field MM (2012) Rethinking community assembly through
the lens of coexistence theory. Annual Review of Ecology
and Systematics, 43, 227-248.

Hubbell SP (2001) The Unified Neutral Theory of Biodiversity
and Biogeography. Princeton University Press, Princeton.
Hutchinson GE (1957) Concluding remarks. Cold Spring Har-

bor Symposia on Quantitative Biology, 22, 415-427.

Janzen DH (1970) Herbivores and the number of tree species in
tropical forests. The American Naturalist, 104, 501-528.
Kleinhesselink AR, Adler PB (2015) Indirect effects of envi-
ronmental change in resource competition models. The

American Naturalist, 186, 766-776.

Kraft NJB, Godoy O, Levine JM (2015) Plant functional traits
and the multidimensional nature of species coexistence.
Proceedings of the National Academy of Sciences, USA,
112, 797-802.

Kunstler G, Lavergne S, Courbaud B, Thuiller W, Vieilledent
G, Zimmermann NE, Kattge J, Coomes DA (2012) Com-
petitive interactions between forest trees are driven by spe-
cies’ trait hierarchy, not phylogenetic or functional similar-
ity: implications for forest community assembly. Ecology
Letters, 15, 831-840.

Lawton JH (1999) Are there general laws in ecology? Oikos,
84, 177-192.

Leibold MA (1995) The niche concept revisited: mechanistic
models and community context. Ecology, 76, 1371-1382.
Letten AD, Ke PJ, Fukami T (2017) Linking modern coexis-
tence theory and contemporary niche theory. Ecological

Monographs, 87, 161-177.

Levine JM, HilleRisLambers J (2009) The importance of nich-
es for the maintenance of species diversity. Nature, 461,
254-257.

Lewin R (1983) Santa Rosalia was a goat. Science, 221,
636—639.

Lotka AJ (1925) Elements of Physical Biology. Williams &
Wilkins Company, Baltimore.

MacArthur RH (1958) Population ecology of some warblers of
northeastern coniferous forests. Ecology, 39, 599-619.

MacArthur RH (1969) The theory of the niche. In: Population
Biology and Evolution (ed. Lewontin RC), pp. 159-176.
Syracuse University Press, Syracuse.

MacArthur RH (1972) Geographical Ecology: Patterns in the



354 4 W £ K Biodiversity Science

0253

Distribution of Species. Princeton University Press, Prince-
ton.

MacArthur RH, Levins R (1967) The limiting similarity, con-
vergence, and divergence of coexisting species. The Ameri-
can Naturalist, 101, 377-385.

May RM, MacArthur RH (1972) Niche overlap as a function of
environmental variability. Proceedings of the National
Academy of Science, USA, 69, 1109-1113.

Mayfield MM, Levine JM (2010) Opposing effects of competi-
tive exclusion on the phylogenetic structure of communities.
Ecology Letters, 13, 1085-1093.

Narwani A, Alexandrou MA, Oakley TH, Carroll IT, Cardinale
BJ (2013) Experimental evidence that evolutionary related-
ness does not affect the ecological mechanisms of coexis-
tence in freshwater green algae. Ecology Letters, 16, 1373—
1381.

Newman EI (1973) Competition and diversity in herbaceous
vegetation. Nature, 244, 310.

Niu HY, Wang ZF, Lian JY, Ye WH, Shen H (2011) New pro-
gress in community assembly: community phylogenetic
structure combining evolution and ecology. Biodiversity
Science, 19, 275-283. (in Chinese with English abstract) [
E, Elgig, ZxIafm, HTRE, TR (2011) FETEME
WEFCRE e BEAC R AR AR 25 5 IO VR 1 R S5 AT 9.
WL REME, 19, 275-283.]

Niu KC, Liu YN, Shen ZH, He FL, Fang JY (2009) Commu-
nity assembly: the relative importance of neutral theory and
niche theory. Biodiversity Science, 17, 579-593. (in Chinese
with English abstract) [“F7L 8, XIFT, ILER, MF R,
TR (2009) REVEA EH) R ES AR S AL B S AR
YL REE, 17, 579-593.]

Ostling A (2012) Do fitness-equalizing tradeoffs lead to neutral
communities? Theoretical Ecology, 5, 181-194.

Siepielski AM, McPeek MA (2010) On the evidence for spe-
cies coexistence: a critique of the coexistence program.
Ecology, 91, 3153-3164.

Simberloff D, Boecklen W (1981) Santa Rosalia reconsidered:
size ratios and competition. Evolution, 35, 1206—1228.

Sober6on J (2007) Grinnellian and Eltonian niches and geo-

graphic distributions of species. Ecology Letters, 10,
1115-1123.

Strong DR, Szyska LA, Simberloff D (1979) Tests of commu-
nity-wide character displacement against null hypotheses.
Evolution, 33, 897-913.

Tilman D (1980) Resource: a graphical-mechanistic approach
to competition and predation. The American Naturalist, 116,
362-393.

Tilman D (1982) Resource Competition and Community
Structure. Princeton University Press, Princeton.

Turnbull LA, Rees M, Purves DW (2008) Why equalising
trade-offs aren’t always neutral? Ecology Letters, 11,
1037-1046.

Vellend BM (2010) Conceptual synthesis in community ecol-
ogy. The Quarterly Review of Biology, 85, 183-206.

Vellend M (2016) The Theory of Ecological Communities.
Princeton University Press, Princeton and Oxford.

Volterra V (1926) Variations and fluctuations of the number of
individuals in animal species living together. In: Animal
Ecology (ed. Chapman RN) (Reprinted in 1931). McGraw
Hill, New York.

Webb CO, Ackerly DD, McPeek MA, Donoghue MJ (2002)
Phylogenies and community ecology. Annual Review of
Ecology and Systematics, 33, 475-505.

Zhao L, Zhang QG, Zhang DY (2016) Evolution alters eco-
logical mechanisms of coexistence in experimental micro-
cosms. Functional Ecology, 30, 1440-1446.

Zhou SR, Zhang DY (2006) Neutral theory in community
ecology. Journal of Plant Ecology (Chinese Version), 30,
868—877. (in Chinese with English abstract) [JEHR, 5Kk
B (2006) REEAEDFRPVEEE. EWAS R, 30,
868-877.]

Zhu BR, Zhang DY (2011) A process-based theoretical
framework for community ecology. Biodiversity Science,
19, 389-399. (in Chinese with English abstract) [4<8E#,
KKHE (2011) FETHBERREESAHISHER. £
ZFEME, 19, 389-339.]

R ST SUEgE: SRR





