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Research progress of plant competitor-stress tolerator-ruderal ( CSR) theory and

its application
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Abstract; Competitor, stress-tolerator, ruderal ( CSR) theory, regarded as one of the best developed plant ecological
strategy schemes, mainly studies the adaptive specialisation that plants evolve to achieve fitness in response to natural
selection pressures, resulting in a triangular distribution of species optima along axes of habitat productivity and disturbance.
From the perspective of functional ecology, the CSR theory reflects plant ecological strategies by explaining the principal
functional spectra in the multidimensional trait space, that is, the world-wide economics spectrum and the size spectrum as
fundamental gradients of plant evolution are major components of the CSR strategy variation. The ecological strategies
adopted by plants then determine their ecological niche in the community and ultimately affect ecosystem processes and
functions. Thus the CSR theory could not only be used as a framework for functionally classifying plants and predicting
impacts of environmental change on vegetation, but also serves as a conceptual framework for investigating and interpreting
community processes and ecosystem functioning. Since the concept of CSR strategies was first raised by Grime in 1974, the
idea of CSR strategies has attracted much attention from ecologists, and the CSR theory has formed a relatively complete
system of theories and research methods over the last half century. In this paper, we introduce the development and
characteristics of the CSR theory and its methods to expound the core philosophy of the theory, review the verification and

application of the CSR theory and its models by addressing the relevance of CSR strategies to functional trait variations,
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species adaptation, community processes and ecosystem properties, and summarize the advances in this theory. The CSR
theory has been extensively validated by many studies and widely applied as a very useful analysis tool to plant ecology
research on a variety of scales, but it needs further research, such as the missing fourth corner in the Grime’s C-S-R
triangular model, the rest functional variations beyond the principally functional trait spectra that are not explained by the
CSR scheme, and the relationships between CSR strategies and the intraspecific trait variation and phylogenetic signal.
Especially for the rest functional variations, the CSR theory does not preclude the existence of additional axes of variability
subordinate to the principal functional spectra, nor that these may be certainly key to fitness and survival in specific cases.
The CSR theory could be seen as a general adaptive strategy, since it is consistent with economics and size tradeoffs evident

throughout the tree of life, hinting at overarching natural selection filters operating universally within the biosphere.

Key Words: competitor-stress tolerator-ruderal ( CSR) theory; ecological strategy; adaptive specialisation; disturbance;

stress; competition
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Fig.1 The classification of plant CSR strategies
C, SESHUHEY) competitor; S, Mk RUAEY) stress-tolerator; R, ZRHAUEY) ruderal. (a) CSR BEIBRIAAEYIIT LA S A0 TH0AS LY 2R
A4 (7 A Grime®) ) 5 (b) CSR 43223 ] iy 19 Fxt 482550 (£ H Hodgson 2511 ) | DL/NES O IR

(3) AP CSR X3 R BUZ AL AN ) D B (A 9 U5 B B A 25 5 AR 0 5 AU A7 R G R AE 32 /= 3
e 1 I E R ) R PR 1 2 (A1 A8 8 43 e ) AL, T AU A 1) 245 SR 76 — P JE T BB B N R 3 45 32 194
PEIRZL AW AN 1T 3kt G b B3 (I AE 55 M TE R AOAE  BE, A07E T A 358 rh A A 2 B 3R 3y 4 5 i Jolp 16 e i o2 A1
HxIFA e me ™ .

(4) CSR #4e F LWL E B B B IS DL PEREAL . AR 5T & IR, AFL 1 28 3 I BRI 8 B 5 B Bt
AR TRIAEFE 55 A SR (E45 B B A MR A S i B A R i
1.2 CSR i Al ) & J

] Grime $2 1 CSR X HMEART , XF C X3 WA e B8 Tl 2w M3 A YR R LR 68
BHEE BRI A KR ILE S X, AX) R ¥R EBA M AEY . ZJ5 Grime ORI FHIEA A AN
BB 20 R R, T AR FSEH DI CSR W5 28 70 (3 7 B30 1o 2% i 2% 7 b B & 318 A A 5
= HIORRAE LS G . TSR T RE A A M &, O CSR = A AL 1) 5 s A A 4 430 1 i B 2%
R,

1.2.1 Hodgson 5 Ry15id

1999 4F, Hodgson 45 "' 356 |2 5 T 5 & 2 FFAER ) 630 A reg ™ J ok 2R L T R 7 Fp
REMEIR S T gt T 2 P N B AR AR S SEER T XA CSR XSRS AY AL . i XA S Grime ()
TN KRNI 493 FhELAKIYIH) CSR XFRISAIIHT, K LR 7 75 1 0 28 R — IR B T 96%

Hodgson 557 Y CSR 2047 8 U0 CSR BB Ak —Fh S R AR 2822070k i T AL faf o, 5.8
AT A A T PR O [ R B A R A M G A A E RS b e — 2B BT KT CSR BRI
FpT A S DAEAE 4 PR (1) FH T A MRS 28R i, AnAE Y] EAE R ) 45 (2) AR
FEAERF RIANGE F T LA FEHT bl R AR ) , AN B T™ 4% Hb v FH 21 R 2P 3k (3) i PRI RE 2 i, 1% Al
T T RAAE P 1 A T 55 AR AR ; (4) X — SRR IR I CSR 28 5L n] REA7 78 [n) 8, 4n IR A ) . 3
G/ NVE SRS ey (VEE A=) ER 7/

1.2.2  Pierce ZERHAY

EFXF Hodgson 25 R BUAEAE (1 W) JBE, Pierce 25170 I FHIN -4 J30 5 1t | L v BEURI - 18 AR 3 APtk 5 &2
FhIhBEMR AR S R EAT [T 404, NTTEE S 175 CSRBE A X R 19 A2 2556 S4B A 8 . 2017 4 Pierce
SR FHCEE T 6 KBy 3068 Rl 93X 3 FhiFPoR (S T 2B IE R CSR R R4 IR TH T
FME T H“ StrateFy” , W SEEL T 78—~ HAEZL T X R [R] b B X S O HE S CSR X SR 2EA 140 #r LK

AHXTF Hodgson 25 AUFERY | Pierce SEHEST 1Y CSR 43 BT AR AU 4T3 X — LR SR FE W () CSR 28 7 L 3E A7 75 [n]

http ; //www.ecologica.cn



14 WL A TE - G -2 R R ARG SR RS O T i 27

AR 3 AT SR (1) 2B A HER S R PR A ACEDL S e 1T ELIE T 2% Bl ) 4
(2) Al BT — P A AR AR, BB AR AR RIS RIOK A=A W), [R] I 3 FH T4 v A 0 o MR PR 1A L
5 (3) FET U Re A A= R E RT3 HT 1k (PCA) SEBLE DR MR IR AR 5525 [ 5% 46 4 55 CSR BB AR XT
WL =B HEF 25 6], AL, Pierce S5 S7 AY CSR ASAY [a] i) BAT BRIGFISE BRI (L

2 CSR Eit K EE R O8I K& L B

CSR X5k AR B 4210 LK | B 32 31— 22235 () B B8, (H CSR B e S AR Y (1 A 25 M it /e 1 L f7 5 A
BRI 22 78 A0 5 i 0, H AT CSR B8 M AR R & 289k )32 W T R o 1k e v ok 78
A R GRS A OGBS T SE BT b, [RI R SEF5E o CSR BEFE AL T SCUE SR B #h 7E
2.1 Thagttkey A ()

BT P ) b o, S5 BARMEXT CSR 43 A 28 (A 5 AR Hh e 1Ak, T 9 T D e AR A8 2 X
RAR AT Z A5 M TR E A A — N FEER | CSR BHS L2 B ANH HH o] DL I PR s 1) e 4 g A T A 4 A
XTI EIE

TR ZWF5T A B, A8 W0 20 RE P bR 1% 78 S5 =8 il o] LAABE 5 R 28 55 8 3% ((economics spectrum ) 1 K /N i (size
spectrum) . 1 Laughlin %2 X346 3% 133 RhRLPIAY 10 FREhAEMIR  Diaz %51 X8 T 42 Bk 46085 FRHLHI1 6
PR AUBIF ST ; ZEBES KL, Douma %5 2V 54045 F-i7 24 2 Fh AR B5 A 7644 AAEPERE T B9 12 FhahBEMR RO
55, B8R AL AR AR A% Sy BV X D) R TR S SR FHAS () A A 46 0 1, AS 2 el A8 28 3 AR 3 55 R /N
TEAEMRR A A AP IEARS KR R 2 Al UL SHAEMRIRAS S A W 4% B2 T I A7 AE 1Y, S A Sh BE AL Y
AR IFEAR KRR LSy THOBEBR B MYIIX R ARG R B e ETR R, Hd S5 Rk e — 4 M
W U5 A FH X SR AR AR A > /N S AR %o e A A s i T EL 2 MR R B B R A5 T L ] A
AT R B B A2 3 Diaz 250 AR THBEHOIR B A AT v e T A R AR SR, I BEAE S
SRR, CSRHE IF 230 i fe K nT A A B 45 Al T AE MR B b ) A8 S ok S WA i g A S o ) DR e
i B 2278 B A M 7 0 PCA B a2 O MR 28 Sl 55 CSROXT 5 2 AR A0 AR S Al Y EL A R R — ke
Cerabolini 25" F F PCA X434 FRRIM 506 FHAEYIE 11 FhBEMARIEAT 4007, & BUMER AR 53 325 S5 Wy Ff
CSR X5k 2 Y 52 I B A M | 55— a5 50 4 U SR W 4 0 ik 38 LE R O 17T -5 4% R AR Jolpa 764 546 s 2 4 67 A
K50 A5 T A 2R SR 2 A TE A O T 5 2 R R SR ZH 43 AR OC AR S ML B IE T CSR X 3R AT LA Jz WA
Yol k2 18] A A D )k PR R

IH- 22 % T AN /NG AR St e 77 09 T LA b MR 8] A BT S5 AR 25 A6 LA R R R 3 A
ARI8] AU EBATAE SRR DE 2 bk 4Bk 371 RS AR 2 B, 20 Sl i 14 FRPRIR S T4 &
Fb I T AR ARG 3 Fofr iR 4 Bl A R 2 S 2 [ 22 ) A e I g A —B80hE D) DR, mT LA B A3 Pl 3
3 Frih PR Al A 1 22 A8 B T B A (] REAC RAE D SR DI BEAR 5, I S HF Pierce S5 E 7 1Y CSR ALY
2.2 CSR XI5 508 i i OC &

CSR HISIA R A0 W 10 22 57 0T ]l AR 35 A 72 0 3877 DU B FTFI0I | CSR X 9 J2 S LA 49 X6 4%
B AR A 1 L — A - e g 15280
2.2.1 AHYIRBERA X R

Grime AR AEWXT A5 A 72 7 R Y 22 5 SRR PUAE CSR AR Rl C-S Bl b, SO T A 7 B VR e
£ 55T PofpA0 A 22 ) AU, AELAS A7 (] B LA e s AT A 5 4 0 RS W3 BB 7 R el AL 0 DR X 5 1) 3
Tl AL TT LA GH I T 1 < Bl 22 i 007

ABEAE TR T UE T AR BURRAE Y CSR XA, 7EMBRAES € X SR & SR LS8 F0 Y (0 7E 37 43 ik o
AR BT S X E W R LSRR e B 0 A 555 R 2 TR R A e el ) g
5 A AR T o i RN R S5 R ] Y 2 R R O, S 0K 1 2K R LA W AR R AR R

http ; //www.ecologica.cn



28 R ¥ O 92 %

K43 B 5 S i AL A £ 2SR SR B 0 A% SR, I I SR T — AN BT ST & B, A C A CR X5
AR L 91 5 9 B £ A S T S5 R R IE AR 5E , CS X 5 25 L9 5 10 5 TE AR S 17 5 e AR fr AR D6 Y i e A K R
e A S A T B S R B B B SRR A, N A K R B i A Al X A T 4 B AR B D e
AT FRAK O ST BB CSR X e 2R R HAG FE R, 7E 2R IR B0 A Bl R I 22 B AL B A S
o WA RE R XA A 5 SRR = K A AN [ 3 KPR BT AN A 3 3, 52 R AR B - K 4y
FDG R A A 35 T8 T C X3, A e a5 B i - 396K 43 70 2 0 AR B 0 3E T e E] AL AY CSR X5k 2, i
LRI T R A A B T CS XHE T (ERRIAE Y Rl ELA AR A CSR X 3 28 Rl m] g LA [ 5 2
M P PR BT IE Ut 4 Fhifg R VD Fe AR AR ST kB, 3K SEAR ) B AR R BN R/CR 5K C/CR 5K, (H {1 ol
AT S MR T R AR L 3B A 2 TR T S e |, Bl a7 A R A A I L e il
222 HEPMBTT IR

CSR =B R il Sz WA 40 5 AS 6] 3 gm0 R W 3 B RIFR9 I A 1, B R Pk &
2 AT R F AR RN R A KSERAE X AR 7E 52 T A b A K R A (B s e v
X FEME I ok

CSR X5 AT LA A A 0 4 B A 0, 7 R OO T R ) 2 i e e B ROV SR DA i B, i A
STV B e AR 8 A 1 45 P A RS PR A o A A 0 3 8 O e S A AR s B L 25 Ffr, dn et T
IR G LU b IS K 3, AR A RO B 3R R AR, 7 i e i S A 5 A SRR, HA 21
MUBFIFT CSR ¥R, Hl s i b VI T8 2R R XS FIERA A9 CR X4, A & B ok 3% 7 s i %%
AR A BN FEE AR T A 2 R e A6 B N I o MO 11 R M, CSR X 56 10 3 8 1
TS o) o 0 v T v 2 U T AR A 8 10 5 77 L CSR W55 (48 5 B 8 L M b 2 ) J3E i 70 S o I 385 ]
CSR it 55 4557 B 0T LAAE R PFAN B8 R FH A [R) A 2507 6 0 B0 B8 BRI B2 20 ARG T 50, A BIASAN AT DA e %
P b 25 B R 1 B AR 0 2 0 2% AR A 4 TR L S A ) R R 43 A R T 2 78
R AR A | e T R Ao Sl AR A A 2 7 R ol 0 5 4 T R 559 s G o BRI A KL S . Wb
Pl CSR X4 AT LA S e 2 i B FE R, Ao b 56 BT B2 17 32 50 1 Jok () vk 35 XU R IR & B, € X ol 3 i =2
A5 T i Ry T, R SIS SR AT I, (L 3 A o i ot ek o A el J2 1 IR 28 & i ¢ B 0, DRI BB T 35 5
ARG R S5 3 S WS 2 E R e/, T R A5 545 vk 35 KRR 2 A e PR ] 2 Grime ™
WKy, HA C X R Y B AR ) 1 30 3 b i o s g T A 25 1) Ak DA T S A7 AN e (EL ™ F () SR A, R L
AR A B ] SRR RN O R E T

UL L4550 AL G AR bR 2R 2 10 48 4k T 3504 BRVE BBl A 0 57 AN L OO SR R G W AR ) 2 e 1 TR
SR NP2 AR B M BRI S R BRL, B 1R G0 1 R OB AR R B B, — 2 C O IR 56
B A 2 HAT S X R B AR FACRE ) 0 35 D, B Z O SOR R DA RO B A ) 2R
PR X AR A o 1) 1R A 2 B, B B ATE BR800, LA 14 5 P TR XGF SR 2L L 18 o T 2% e UK 5 20
AEIE/NT IESE T Grime (9 MU SO 0 35 S BORE ) R BRSSPI AR BOA MR S EUES
ARG AR E TN EZ 0 IRZHETEER & B, SN R FIAS AR ) 04 1 250 SR AFAE W iR Ak A
(R FZRB R I C 288,107 S BeRRAI X e RIS Al s o AR5 H 1 B B Him i B U 5 4
TP TLRE S UM, I, CSR X540 B TR EA 3 i ARPER AN B, AT 4 M 0 A= 9 %
BEPE,
2.3 CSR XK SHIELFR R

Grime 7EH %3 (REYIXT R MR R AR S RGUERE) v, S I3 BRI A RS i b K 4 |
WA RAAR O WA IAT 6 A e TIPS o SR R Z (R AR SE ' IR Z 5Tt R W] CSR Xf
5Bk B A M 22 (R AE AT B0 (4 AH S Wilson S5I0H CSR BRI JE H T HEVE 4 B¢ P I B EE A M R 45
PR —AEE

http ; //www.ecologica.cn



14 WL A TE - G -2 R R ARG SR RS O T i 29

2.3.1 CSR MRS HEE M

BEEAE — B A B R M BGEE S IR R, T e A R ) 2L TR
(7 ERE 0 B 08 07 0 5 G HlE 5 22 0o B 2 [ B i eV A A 0L X AR R R WL o TS — A
P R AL (04 AS [ 3K 3 7 9 R 2 A X N7 B B AT AT BE AN TR IR s A R (R A 1) RO B R AR
FHIO2) 0 CSR X5 S A 45 Fh Il BE IR P R 28 S5 ) =2k, 1T RO BRAR AR P R A — N VAR . ik,
Grime 258 JLHL T B 74 F 23 A R BB A 8 (twin—filter model) , A %5 —RUETH 5 CSR XF5RA 6 ( XFR N
CSR ), A e AGZRETE (0 Rh S B MO8 5] 5 58 — S8 0 5 545 A 0 A736 1 B0 o 0 & MR A e i
55 CSR MR E AR E W FEOAF YRR B MRS 57, Pierce 25177 XFREAA 371 FAEYI B9 15 Fh IR
15 PCA 2081 &30, BT 53 4 R R 2 B B A K/ (B2 — 3 o 18 5 Fp MR AF AR S A G, 5 =
T80 W0 5 T R A A AR DG TR B — b AT 2, e BABR T CSR X SRR R A SEA AL, i85 Ak
AL PRIRAE AETE . X 5 SR E TSR A A 2 — B0y, A RE I 7 CSR = MIE W HEI T & FP OCHET e
[i1] FA)ASUAET YT T AR S 5, (RIS 7T AR R BB S AR 5 5 ) S SR R R 2k ) A9 56 22 AR, PRI R 42 1)
AASIFRIAFE R CSR X SR I 7= 2 14 Jry B AN Wi et — 25 AR 25 A0 Ak 45 S0 oA 1 6t Jey 3l B 5% 114 A S e 1 O
MU 0 B A S WX SR B A X S T

CSR XM AT LA TR SR VA AL A I — N B AR, 0T AT Z) B30T L 174 5 430 1 A 1 % o b 1 6T B AUF
FER I, AR R — 2T B b P ARy 2 B I o 7 RO TR R B S X SR, (R[] 28 78 1) e b A ) #8032 R B
HR A R g LLMRE SRBE Y S 1% RIS Gi S BRI AE SR CSR XTSRS 1 [R], T O 2 ol s 45k
I CSR SRR AL A A B L Grime TAH®T | FH0E Rl ) BE MRS 53 AN Fb e A7 1 B
BEOREN Ty, WA A = 5 | R Rk R T R BV R AR FIAE S R G KOT b (RS 2 B2 I8 m) ) A B )
ABAN—EFEAE DI RBAS AR —BCE a3, AnAEmR s = AR AR B A 7™ 0 BEVE R B € B R ([R5 i e
RS AR B AR 7 T TR U D 2R TR MR O 22 YR N SR, 3 W A g R L A ) 249 1 B T AR R 22 R AR S R AR A 3
T AU BRI 2 R A A BRI L A VR F A AR, CSR WS AT vl LA AR5 FIER g R 9 b AR I — A
SR TS T H,
2.3.2 CSR W55 REVE 2

TR L ShAS M RETE A EE , AT T R824 2 0 e M A 3 2 g s A SR M A WL A5, R AT A il (AR Z2 7
FEF , TR R P b 2 A A R AT I G (B I REME AR AL R A PR RN R, BEVRE B T REME AR 1k
Sy M AT RE A B S ey R e A A R B g

J A s 2 A A S AT AT A 0 (R R X ol i 0 D 2 R A 9 2 B, SR 30 el 1 5 A oK)k
T, SEE Y VL R G RE PSR, AR S I L S X3R4 R P 3R, 22 B AE R Ll ™ IR T v A
Xt T a4, A R WA B8 1 RS IR A S R E )y WA o 2 (R R R B T A R
RIS AT BT R BT LU S XA SR A Ji I T A B, BV R SRR A R R B R IAY S we B (EAE ik

SO 5 WIRE T Mk — 2R IE i 2 A A 80 5, f04E C/CR \R/CR il CR/CSR, 3 W & B Wy e 41 il 5

IR A AR SRS AR IR, 52 SO R T A A B E — o, IR e
Hom R AR R D REME A B AL B AR R ST SR ALAMEL A BRGNS X5 20 /B2 i n , {H € XF 5%
oA AR PR S e AL FRBE M AR A AR X M e T R R T A s
XiF R A AR LA SR

55 SR A RS R] R AR TR R A AR SR A B A RS A U AE R . Grime ! AR IR A TR LI DL R
X R MRS WINI L S X5k AL Fh 1M C X 5% (1 F Bk B T AR 3 A 7= o o o 78 AR i 4 STe ) 0 55
K BRI , (H 5 4V T RIS R 3P — R e 4 1 i Z4F AR R i A (AN KT ST Ao A
], PSR AR VR A% B RE DRI 0 e 5 0 S5 8L AELRRE 4 1 it Jolp 2 2 28 A AS B S, 3 BH = bR FH g o X 3
A EEE Y AR ARERBIE I RF TS X5, a7 0 K b BT M A T 6 38 AR 4 AR

http ; //www.ecologica.cn



30 R ¥ O 92 %

K WA R, RO R SRR — s B R XSG, 0k A2 Y B bR R X1 A A A
FER I, SR X HEE LRI IR o5 BE A S A7 I S 3G 22 M 34 T C RN SC X 55 2 W) 347 128 i ik /> | 3 W
PRy 355 00 5 it B R S TR 3 (R 1 A A7 IR 8 O R R % B R E Mt B R BE T X O T S
SR PRIt & B, A S 300 A T -V R TR 5 - A BV 110 e R e 2 A 9 S R 1 A 250 5t A
WA T S-SC-C/SC WAL, TRk, BEE TR B nT e A7 AE — B A2, 17 CSR X 58 43 #r vl LA 45 /s i
B BOF 7 011 JC 7 % TS BRI YA AL R, AT B TR 5 e e R b B TR A AL
2.4 CSR XREEBRGFERCR

CSR XF 5 [z W T A A FP DD REPEIR PR AR S 10 = S 46 1% A D RE MR v S5 AR S RGeS T RE Bk
FSk, IS Y R R ER E IR — A SR Grime 78 L3 (R 5 A BaE RE A AR S
ARGHFEY b B E R AT AR E S 3 e TRV AESH RS AT R 2 EE
BRER,

PRV 3 f S Bl b A 25 R GE BN SR MR B g R 7070 WIS R PR, T e M v AR A vR T AR AR
L L RS, HLPRTE Y 8, N R S5 6 38 | 3 BLAE ) 3X 5 Reich!™ 42t A4« 18 X 5 4y Rl
g R R RS BRI R AU — 2, BV A R m A U8 B AR A U TR T I B B IR AR S A (RIS
XA ) RIS D oy i LU VR 0 43 fif R s ik B o XA A BR 818 B A i -tk 5
PRI o3 R AR DG PRI R B, B IR R ST PR Ik AR A5 5 18 1 B 8 9% Il , R B K Fo i 3 19 L it 5
IR ARR AR IRt , IR S DA 0 AR R R s 2 W b BR AL A R 2R 22 IR 7 T — AN R ™ s
b AR DA —E R B R WY B B BRSO R, A HbAE ) 5T R B AR LG C R R X
RS MR E BA B S W EAYE R (IR ZR) 1 C AT S ¥R L R X5k 3 HAT 3w B A7 B 4 (
VERT) , HEAT AR AR 2800 SR AR 4 L oK Ak & 1 0 BE 32 A2 3R 57 43 B it AR AR %) 5 et AN ) 3 B AR 2860 56 R
A BE 353 7KV AT RE A P o3 TC ) SRR S R 2 DR, BRAR I TE W m] At S A CSR X3 =[] Ay B
F A B TIRA TR AAR DY - + ST LIRS 2 R A AR

FEBE RIS 7= 51 (NPP ) Xof B A 06 0 B H X S As Ak B i i e B LAY ) CSR #HE A, NPP
S 2 BAFTE S TE R ZR , ARS8 B 26355 /0 X N F C WSR3  BARA s 438 43 X F S 3 R %ok
& TR R T 2 A BEDE 41 L Jenkins 2515 Xhifc g T4k 709 4AHBE NPP 55 4= 9y i (14 )% £
PEIAT AT, K BUARXS T3 T A A 22 AU S () e M B RN A E X PR 58 S R B i — IRk th 45580, 56T CSR 3!
WY S TE Hh AR BB 47 M T NPP 5 4= ) 6 1 5k L8] G 2R, 3R BHUARE A0 19 A 20 3 B AR K A Bl i )
A 1] 9T NPP, R AT DA T RRAIG P15 HE 90 A 285 X6 3R =2 [] A B 22 A fige e A Tl 4 k2 0y o A 7™ Rl
TERRHE R, AR REVE— A X A e A P A TR 7 Bk H R P 3 6 R AT AT 48—l
{H Grime ™" 48 H Y “ GETF " T 22 8] T )72 TR . X b 27 Xt 28 KR A3 B b ) B9F 9 mp A 1) T AR 4 b B
UE, I B b S5 A W W R B S B P b = B AT CSROG SRS 2R 1 5 1 6 A st A 8 v 26 ) 1 T BV
o YRR BRI, IR DL R R COXPSEE R L3R, 3% B e A s A A O S AR S AR A T AR B
JE RS S PEARRAE T Kelemen 451 S ) 2 I RSP J5 A B 52 th 2% BR2SAUAR Jmy , (ARG A W B R 2 DL S X o &
AR 3R PR R X SV A2 - S B A v 2 A S A v e A R [R] FpfaE e, PRt AR Y CSR
YR T B TR AR ALY - Y 2 RE R AR

MBS R e B S R TP AR S R0 SRR T SRR AR 5T e BR, A LA e v Ak AR R
T A R SIAREN TR, KR BRI 28 e LA P 7 4 2R T 8 R0 SR 2 53, AN AR e A s, T EL
RE A R A IR 1T R, W] CSR AR i) 5 28 R G AT 2 B SRR R A B R G B 40
CSR FS I A HARDT) S i hE ARG YY) R S ) 5 2 S RUAF ) R 5 P RUAR ) %) AR M TR 7 ] 0000 1) O
Z , R T WAL B AR b0 N T E A AR R, B R SR AR G CSR X 5 AR 0 K
MO SERIEE T 5 A W AR, NI RIS T 2B S R R e EAFEHEE 1, X AT BB F8UE B R GRS R 1M

http ; //www.ecologica.cn



14 WL A TE - G -2 R R ARG SR RS O T i 31

BE LS RGERRETERAE S RS IRERIBLAE ™ o TEVF 20 R A B e T oKk (2 3l il & 8052 4
AR 30 AR P/ i 2 P R N A B 5 St A 2 R e B S RE AR TR I R, R
FH CSR PG A] 73 Ay P00 A A A AN Ay 15 Sl XA B S A2 25 R GE BT AR T, DT A B 6 1P e >R BBt 7 P 7
XS

3 AEERE

H 1974 4F Grime B K42 CSR X R E LK it i i & i, 2B LT RS R i FR N
TEEFR ., LRECAH IR, CSR BE BA = M2 e s (1) 5 &35 BRSNS i) 37
I RETE 1 SRS AR — 20, 1 H TR B H T a9 AR 0 50 B8 nT LA [A] o A BB D e i 1) 3K R 4% Sl 5 (2) B
Wi A 20 SR 5 D B MR 8 S 2 (R ST IBE R DR AT DRI R A RUBE 22 3 1 B CSR X 3R 43 B v 4
Fh BEVE AL S R FEAF KB A S5 5 (3) CSR X5 0] LIAE i —A4~ 18 FIHE A, 78 2 BRI [ 4%
Y2k P T LRI ST , W B — B vE 4538, [RIE, CSR B MR D aE A A SR e #5 2 AR AL T — A~ HLS Bk
2 WE7R T 6 A 4 B P 3 il A7 7 Y e R R g, DR I R LR Sy A e B T S e ) o L A g A S 6 OR B A
g2t LA CSR HE TR BIR LB 12 Rl 3F 0 T 2R RUE 1A 3826098, (475 — 2 ) (.
it B AR,

3.1 SEPUIXERAR )

CSR = Ay i (AR AN B G R — A2 0 B (&1 1) 2% O B L, T 38 A2 8 1 30 R0 s 2 1)
e T X A5 V0 A AR ( Tamarix taklamakanensis) "EAF o AT T 55 00 DX 2 i) 202 6 3 A0 48 9
FOEH A G, G, CSR BB B A ) T B8 a5 40 2 A — 2tk i me 8RR {H =R 52 S [ 49 b i) id J7
JEANFIN , WNTEVD R Al S0 s P 25 AR R S R WU ek R R PE T DA Y i
eI AFAEATRFGR L R IR S Wt s AR X ) X R I oE R, B 1 S
TR XS Py b A S AAFAEE A BN AR5 TR 32 BN B R PR AT AR 22 A mT LA 3% 7 52 00 5
THA TR B (AR AT PR m] DL A= 3 76 52 7™ 8 T e 20 4 55 (3¢ HF CSR #8) ™, Laughlin™ Ak,
% GBI A AT 2 4ERRE , CSR BRISXT THE Y IR 22 4872 5 0 i B AT e T AT Bk, 552 b AR T 4R
PRI -ZFEE R IAIESE , HRTX T T H0-Z2 R O 2R LT HUR AR 72 ) - 2R 56 R Y52 i S AR SCHF 9T ) B AN
SRV R A R TR A RN A B R AR SRR T AR A S X SR 2 R AR AL
3.2 PRIRAE R FRILISMG AR

CSR X 5 S5 WA ) D R P IR A% S 1) S5 (BN RE AR B BT A (R IR AR 57 X 72 CSR BRI 32 4 L) — 4>
DT e MRRAE S A B R MR B AR R LR AR 25 i B0 AE A 2 i MR e A AR
S AR B, MR R SRR RN Z TR AT BT B = A DG R AR 2K 3 R E A
SR AR GEIRR A7 e A A Az AR (0 H RTA AN BERR AR 25 RS A MR AR S S 32 PR
EHESE A B MR P R A8 S U PR Ry 32 L[] (1 BRI R R sl | DL & B I MR A2 S RE S R —
o S WA AR B A ST, A, CSR RIS F B R XA P70 28 Ja B B 1 2B 256 58 (L S0 T8 B Be
(10 4= 2550 SRR FREAEE RO T3 R A B e 7 T AR CSR BRI ANHERR Motk A S RS L e AE S
EAAEAE R AR S 23 )5 = AR T0 S R AU T (0 B i A R 0 S R e 5 7 R R K T
[l AR i 2 /DO B Y e Bk S Y A S A L gy o O M ARV A R T R O EAY, W
Xt F CSR X R AHVT A P AP 2 BHAE ) ( Ophrys benacensis F1 Ophrys sphegodes ) 5 456 E AT 1A W) EHEFRNE A REVE
— R REX AR AR S 2 2 R R, DA A AR TR S AR 2 TR I IR 4 4R L A B AT
Hh PR AAE Y AR S0 O ok i — 2 R A 5E 3% CSR B,

3.3 PRAREOFP A AS S AITE 2R OC R
DA CSR X SR ARG 2 58 TPRIR AU RIS 1, I 40k MOk B 22 A 750y AL A A8 2= 9 v g 2%

http ; //www.ecologica.cn



32 JAE = 492 %

JEFp IR AR S T — ey SRR G T 9 B R T MR, dn e R 0K S 3R] —
FEARTE A BT vl fig 2 BA R A= A8 %k 5 4Bl R B2 38 1l XU 4% 55 ( Campanula elatinoides )™ | $U B 3%
(Arabidopsis thaliana) '™ J& ILWATHT ( Dianthus pseudocrinitus ) """ %5 #8 %&% PRABATTH) CSR X 5K A7 AEFh PN 28 5
R MR AE A5 8 T F TP Wb A A5 X SR A B B N2 REE T A8 By T B e b T AR A A0 ) A 85 S I £ 3
SR I D REMERAR SO SRR R G R LS BREOG, T A SR S IS 1 TR 3 RS KA B R 3R AL R 4
FHREE R0 B o 7 X Al 038 N M 0 AT R DG SR I A L BRI R OC R MM I R AT IX
ST A N SR IS R T ) e A 1 Iy R R TS | 35K 40 A AR S 2 R A A W R AR T — A
PRI R | DA TR S Fsf 03 oA Jep bt RO (%) A 25 i R AN A sk RUBE Ak sl 1 A i A A 2 B K R A — e, $8 7 B
TR FRILAE RN A W) Z R T ML R, A S 7R 3 2 R MR A R ) 2 2 SRR 9 v 1
FRNAEFHAER LR,

52 3L HR ( References)

[ 1] DiazS, Kattge J, Cornelissen ] H C, Wright I J, Lavorel S, Dray S, Reu B, Kleyer M, Wirth C, Prentice I C, Garnier E, Bonisch G, Westoby
M, Poorter H, Reich P B, Moles A T, Dickie J, Gillison A N, Zanne A E, Chave J, Wright S J, Sheremet'ev S N, Jactel H, Baraloto C,
Cerabolini B, Pierce S, Shipley B, Kirkup D, Casanoves F, Joswig J S, Giinther A, Falczuk V, Riiger N, Mahecha M D, Gorné L D. The global
spectrum of plant form and function. Nature, 2016, 529(7585) : 167-171.

[ 2] Westoby M, Falster D S, Moles A T, Vesk P A, Wright I J. Plant ecological strategies: some leading dimensions of variation between species.
Annual Review of Ecology and Systematics, 2002, 33. 125-159.

[ 3] Pierce S, Negreiros D, Cerabolini B E L, Kattge J, Diaz S, Kleyer M, Shipley B, Wright S J, Soudzilovskaia N A, Onipchenko V G, van
Bodegom P M, Frenette-Dussault C, Weiher E, Pinho B X, Cornelissen ] H C, Grime J P, Thompson K, Hunt R, Wilson P J, Buffa G,
Nyakunga O C, Reich P B, Caccianiga M, Mangili F, Ceriani R M, Luzzaro A, Brusa G, Siefert A, Barbosa N P U, Chapin IIl F S, Cornwell W
K, Fang J Y, Fernandes G W, Garnier E, Stradic S L, Pefiuelas J, Melo F P L, Slaviero A, Tabarelli M, Tampucci D. A global method for
calculating plant CSR ecological strategies applied across biomes world-wide. Functional Ecology, 2017, 31(2) . 444-457.

[ 4] DiazS, Cabido M. Plant functional types and ecosystem function in relation to global change. Journal of Vegetation Science, 1997, 8(4) .
463-474.

[ 5] Grime J P. Plant Strategies and Vegetation Processes. New York: John Wiley & Sons, 1979.

[6] Guo WY, van Kleunen M, Winter M, Weigelt P, Stein A, Pierce S, Pergl J, Moser D, Maurel N, Lenzner B, Kreft H, Essl F, Dawson W,
Pysek P. The role of adaptive strategies in plant naturalization. Ecology Letters, 2018, 21(9) : 1380-1389.

[ 7] Reich P B, Wright I J, Cavender-Bares J, Craine ] M, Oleksyn J, Westoby M, Walters M B. The evolution of plant functional variation; traits,
spectra, and strategies. International Journal of Plant Science, 2003, 164(S3) . S143-S164.

[8

[9

[10

[11

Grime J P, Pierce S. The Evolutionary Strategies that Shape Ecosystems. New Jersey: Wiley-Blackwell, 2012.
Grime J P. Vegetation classification by reference to strategies. Nature, 1974, 250(5461) . 26-31.
Grime J P. Plant Strategies, Vegetation Processes, and Ecosystem Properties. England: John Wiley & Sons, 2001.

S

Hodgson J G, Wilson P J, Hunt R, Grime J P, Thompson K. Allocating C-S-R plant functional types: a soft approach to a hard problem. Oikos,

1999, 85(2): 282-294.

[12] Grime J P. Evidence for the existence of three primary strategies in plants and its relevance to ecological and evolutionary theory. The American
Naturalist, 1977, 111(982) : 1169-1194.

[13] Grime J P, Thompson K, Hunt R, Hodgson J G, Cornelissen ] H C, Rorison I H, Hendry G A F, Ashenden T W, Askew A P, Band S R, Booth
R E, Bossard C C, Campbell B D, Cooper J E L, Davison A W, Gupta P L, Hall W, Hand D W, Hannah M A, Hillier S H, Hodkinson D J,
Jalili A, Liu Z, Mackey J M L, Matthews N, Mowforth M A, Neal A M, Reader R J, Reiling K, Ross-Fraser W, Spencer R E, Sutton F, Tasker
D E, Thorpe P C, Whitehouse J. Integrated screening validates primary axes of specialisation in plants. Oikos, 1997, 79(2) . 259-281.

[14] Grime J P, Hodgson J G, Hunt R. Comparative Plant Ecology: A Functional Approach to Common British Species. London; Unwin Hyman, 1988.

[15] Cerabolini B E L, Brusa G, Ceriani R M, De Andreis R, Luzzaro A, Pierce S. Can CSR classification be generally applied outside Britain? Plant
Ecology, 2010, 210(2) : 253-261.

[16] Caccianiga M, Luzzaro A, Pierce S, Ceriani R M, Cerabolini B. The functional basis of a primary succession resolved by CSR classification. Oikos,
2006, 112(1) . 10-20.

[17] Pierce S, Brusa G, Vagge I, Cerabolini B E L. Allocating CSR plant functional types; the use of leaf economics and size traits to classify woody and
herbaceous vascular plants. Functional Ecology, 2013, 27(4) . 1002-1010.

[18] LiY Z, Shipley B. An experimental test of CSR theory using a globally calibrated ordination method. PLoS One, 2017, 12(4) : e0175404.

[19] Hunt R, Hodgson J G, Thompson K, Bungener P, Dunnett N P, Askew A P. A new practical tool for deriving a functional signature for herbaceous

http ; //www.ecologica.cn



134

WL A TE - G -2 R R ARG SR RS O T i 33

[20]

[21]

[22]

(23]

[24]

[25]

[26]
[27]
[28]
[29]
[30]

[31]

[32]
[33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

vegetation. Applied Vegetation Science, 2004, 7(2) : 163-170.

Bornhofen S, Barot S, Lattaud C. The evolution of CSR life-history strategies in a plant model with explicit physiology and architecture. Ecological
Modelling, 2011, 222(1): 1-10.

Laughlin D C, Leppert J J, Moore M M, Sieg C H. A multi-trait test of the leaf-height-seed plant strategy scheme with 133 species from a pine
forest flora. Functional Ecology, 2010, 24(3) : 493-501.

Douma J C, Aerts R, Witte ] P M, Bekker R M, Kunzmann D, Metselaar K, van Bodegom P M. A combination of functionally different plant traits
provides a means to quantitatively predict a broad range of species assemblages in NW Europe. Ecography, 2012, 35(4) . 364-373.

Pierce S, Brusa G, Sartori M, Cerabolini B E L. Combined use of leaf size and economics traits allows direct comparison of hydrophyte and
terrestrial herbaceous adaptive strategies. Annals of Botany, 2012, 109(5) . 1047-1053.

Hodgson J G, Santini B A, Marti G M, Pla F R, Jones G, Bogaard A, Charles M, Font X, Ater M, Taleb A, Poschlod P, Hmimsa Y, Palmer C,
Wilson P J, Band S R, Styring A, Diffey C, Green L, Nitsch E, Stroud, E, Romo-Diez A, de Torres Espuny L, Warham G. Trade-offs between
seed and leaf size ( seed-phytomer-leaf theory) : functional glue linking regenerative with life history strategies --+ and taxonomy with ecology?
Annals of Botany, 2017, 120(5) : 633-652.

Diaz S, Hodgson J G, Thompson K, Cabido M, Cornelissen J H C, Jalili A, Montserrat-Marti G, Grime J P, Zarrinkamar F, Asri Y, Band SR,
Basconcelo S, Castro-Diez P, Funes G, Hamzehee B, Khoshnevi M, Pérez-Harguindeguy N, Pérez-Rontomé M C, Shirvany F A, Vendramini F,
Yazdani S, Abbas-Azimi R, Bogaard A, Boustani S, Charles M, Dehghan M, de Torres-Espuny L, Falczuk V, Guerrero-Campo J, Hynd A, Jones
G, Kowsary E, Kazemi-Saeed F, Maestro-Martinez M, Romo-Diez A, Shaw S, Siavash B, Villar-Salvador P, Zak M R. The plant traits that drive
ecosystems: evidence from three continents. Journal of Vegetation Science, 2004, 15(3) : 295-304.

Freschet G T, Cornelissen J] H C, van Logtestijn R S P, Aerts R. Evidence of the ‘ plant economics spectrum’ in a subarctic flora. Journal of
Ecology, 2010, 98(2) . 362-373.

Pierce S, Bottinelli A, Bassani I, Ceriani R M, Cerabolini B E L. How well do seed production traits correlate with leaf traits, whole-plant traits
and plant ecological strategies? Plant Ecology, 2014, 215(11) : 1351-1359.

XA, BRI, S, Grime MY SREADAAE AR HLE. HBRFLEHERE , 2003, 18(4) : 603-608.

Reich P B. The world-wide fast-slow’ plant economics spectrum; a traits manifesto. Journal of Ecology, 2014, 102(2) ; 275-301.

Silva J L A, Souza A F, Caliman A, Voigt E L, Lichston ] E. Weak whole-plant trait coordination in a seasonally dry South American stressful
environment. Ecology and Evolution, 2018, 8(1) . 4-12.

de Paula L F A, Negreiros D, Azevedo L. O, Fernandes R L, Stehmann J R, Silveira F A O. Functional ecology as a missing link for conservation
of a resource-limited flora in the Atlantic forest. Biodiversity and Conservation, 2015, 24(9) . 2239-2253.

Craine J M. Plant strategy theories: replies to Grime and Tilman. Journal of Ecology, 2007, 95(2) . 235-240.

Negreiros D, Le Stradic S, Fernandes G W, Renné H C. CSR analysis of plant functional types in highly diverse tropical grasslands of harsh
environments. Plant Ecology, 2014, 215(4) . 379-388.

Zelnik I, Carni A. Distribution of plant communities, ecological strategy types and diversity along a moisture gradient. Community Ecology, 2008, 9
(1):1-9.

R, BlesR. AT R R B A A T SR XSRS B2, 2011, 20(1) : 257-260.

Rosenfield M F, Miiller S C, Overbeck G E. Short gradient, but distinct plant strategies: the CSR scheme applied to subtropical forests. Journal of
Vegetation Science, 2019, 30(5) : 984-993.

Catorci A, Vitanzi A, Tardella F M. Variations in CSR strategies along stress gradients in the herb layer of submediterranean forests ( central Italy) .
Plant Ecology and Evolution, 2011, 144(3) : 299-306.

Elmas E. Ecophysiological characteristics and CSR strategies of four dune species. Annales Botanici Fennici, 2017, 54(4/6) : 353-360.
Westoby M. A leaf-height-seed (LHS) plant ecology strategy scheme. Plant and Soil, 1998, 199(2) . 213-227.

Frenette-Dussault C, Shipley B, Léger ] F, Meziane D, Hingrat Y. Functional structure of an arid steppe plant community reveals similarities with
Grime's C-S-R theory. Journal of Vegetation Science, 2012, 23(2) : 208-222.

Pierce S, Luzzaro A, Caccianiga M, Ceriani R M, Cerabolini B. Disturbance is the principal a-scale filter determining niche differentiation,
coexistence and biodiversity in an alpine community. Journal of Ecology, 2007, 95(4) : 698-706.

Cerabolini B, Pierce S, Luzzaro A, Ossola A. Species evenness affects ecosystem processes in situ via diversity in the adaptive strategies of
dominant species. Plant Ecology, 2010, 207(2) : 333-345.

Moog D, Kahmen S, Poschlod P. Application of CSR- and LHS- strategies for the distinction of differently managed grasslands. Basic and Applied
Ecology, 2005, 6(2): 133-143.

Colasanti R L, Hunt R, Askew A P. A self-assembling model of resource dynamics and plant growth incorporating plant functional types. Functional
Ecology, 2001, 15(5) : 676-687.

Wonkka C L, Lafon C W, Hutton C M, Joslin A J. A CSR classification of tree life history strategies and implications for ice storm damage. Oikos,
2013, 122(2) . 209-222.

Kopecky M, Hédl R, Szabé P. Non-random extinctions dominate plant community changes in abandoned coppices. Journal of Applied Ecology,

2013, 50(1) ; 79-87.

http ; //www.ecologica.cn



34 SR 2%
[47] Cross E L, Green P T, Morgan J] W. A plant strategy approach to understand multidecadal change in community assembly processes in Australian

[48]

[49]

[50]

[51]

[52]
[53]

[54]

[55]
[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

grassy woodlands. Journal of Ecology, 2015, 103(5) : 1300-1307.

Timmermann A, Damgaard C, Strandberg M T, Svenning J C. Pervasive early 2lst-century vegetation changes across Danish semi-natural
ecosystems: more losers than winners and a shift towards competitive, tall-growing species. Journal of Applied Ecology, 2015, 52(1): 21-30.
Boatman N D, Jones N E, Conyers S T, Pietravalle S. Development of plant communities on set-aside in England. Agriculture, Ecosystems &
Environment, 2011, 143(1) . 8-19.

Vicente ] R, Pinto A T, Aradjo M B, Verburg P H, Lomba A, Randin C F, Guisan A, Honrado J P. Using Life Strategies to Explore the
Vulnerability of Ecosystem Services to Invasion by Alien Plants. Ecosystems, 2013, 16(4) : 678-693.

Fratte M D, Bolpagni R, Brusa G, Caccianiga M, Pierce S, Zanzottera M, Cerabolini B E L. Alien plant species invade by occupying similar
functional spaces to native species. Flora, 2019, 257, 151419.

Bakker J, Wilson S. Competitive abilities of introduced and native grasses. Plant Ecology, 2001, 157(2) . 119-127.

Vukovi¢ N, Miletié M, Milovié M, Jelaska S D. Grime's CSR strategies of the invasive plants in Croatia. Periodicum Biologorum, 2014, 116(3) .
323-329.

Wilson J B, Lee W G. C-S-R triangle theory: community-level predictions, tests, evaluation of criticisms, and relation to other theories. Oikos,
2000, 91(1) . 77-96.

VEBUPE, SEHEE, 220, JREE. RIREE I AR A IR HL RIS R RS, 2019, 39(7) - 2267-2281.

Kraft N J B, Adler P B, Godoy O, James E C, Fuller S, Levine ] M. Community assembly, coexistence and the environmental filtering metaphor.
Functional Ecology, 2015, 29(5) : 592-599.

Stokes C J, Archer S R. Niche differentiation and neutral theory: an integrated perspective on shrub assemblages in a parkland savanna. Ecology,
2010, 91(4) ; 1152-1162.

Wennekes P L, Rosindell J, Etienne R S. The neutral-niche debate: a philosophical perspective. Acta Biotheoretica, 2012, 60(3) ; 257-271.
SEKA, R HIREE LRI TS R, 25224, 2016, 36(15) : 4557-4572.

Mason N W H, de Bello F, Dolezal J, Lep$ J. Niche overlap reveals the effects of competition, disturbance and contrasting assembly processes in
experimental grassland communities. Journal of Ecology, 2011, 99(3) : 788-796.

Maire V, Gross N, Borger L, Proulx R, Wirth C, Pontes L D S, Soussana J F, Louault F. Habitat filtering and niche differentiation jointly explain
species relative abundance within grassland communities along fertility and disturbance gradients. New Phytologist, 2012, 196(2) : 497-509.
Spasojevic M J, Suding K N. Inferring community assembly mechanisms from functional diversity patterns: the importance of multiple assembly
processes. Journal of Ecology, 2012, 100(3) : 652-661.

Bernard-Verdier M, Navas M L, Vellend M, Violle C, Fayolle A, Garnier E. Community assembly along a soil depth gradient: contrasting patterns
of plant trait convergence and divergence in a Mediterranean rangeland. Journal of Ecology, 2012, 100(6) ; 1422-1433.

Verheijen L. M, Aerts R, Bonisch G, Kattge J, Van Bodegom P M. Variation in trait trade-offs allows differentiation among predefined plant
functional types: implications for predictive ecology. New Phytologist, 2016, 209(2) : 563-575.

Rosado B H P, de Mattos E A. On the relative importance of CSR ecological strategies and integrative traits to explain species dominance at local
scales. Functional Ecology, 2017, 31(10) : 1969-1974.

Grime J P. Trait convergence and trait divergence in herbaceous plant communities : mechanisms and consequences. Journal of Vegetation Science,
2006, 17(2) : 255-260.

Cerabolini B E L, Pierce S, Verginella A, Brusa G, Ceriani R M, Armiraglio S. Why are many anthropogenic agroecosystems particularly species-
rich? Plant Biosystems-An International Journal Dealing with all Aspects of Plant Biology, 2016, 150(3) . 550-557.

Chase J M. Community assembly: when should history matter? Oecologia, 2003, 136(4) . 489-498.

Purschke O, Schmid B C, Sykes M T, Poschlod P, Michalski S G, Durka W, Kiihn I, Winter M, Prentice H C. Contrasting changes in
taxonomic, phylogenetic and functional diversity during a long-term succession: insights into assembly processes. Journal of Ecology, 2013, 101
(4): 857-866.

Li Y Z, Shipley B. Community divergence and convergence along experimental gradients of stress and disturbance. Ecology, 2018, 99 (4) .
775-781.

Barba-Escoto L, Ponce-Mendoza A, Garcia-Romero A, Calvillo-Medina R P. Plant community strategies responses to recent eruptions of
Popocatépet] volcano, Mexico. Journal of Vegetation Science, 2019, 30(2) . 375-385.

Kelemen A, Téthmérész B, Valké O, Miglécz T, Deak B, Torok P. New aspects of grassland recovery in old-fields revealed by trait-based analyses
of perennial-crop-mediated succession. Ecology and Evolution, 2017, 7(7) ; 2432-2440.

Prévosto B, Kuiters L, Bernhardt-Rémermann M, Délle M, Schmidt W, Hoffmann M, Van Uytvanck J, Bohner A, Kreiner D, Stadler J, Klotz S,
Brandl R. Impacts of land abandonment on vegetation: successional pathways in european habitats. Folia Geobotanica, 2011, 46(4) . 303-325.
Pywell R F, Bullock ] M, Roy D B, Warman L, Walker K J, Rothery P. Plant traits as predictors of performance in ecological restoration. Journal
of Applied Ecology, 2003, 40(1) . 65-77.

B, AT, R, T SRR R I DA R AR 4 D) B8 B3 N SR K B RE B A B BE IR B AR BR R AL, ARSI, 2015, 35
(17): 5834-5845.

http ; //www.ecologica.cn



134

WL A TE - G -2 R R ARG SR RS O T i 35

[76]
[77]
[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]
[90]

[o1]
[92]
(93]
[94]
[95]
[96]
[97]

[98]

[99]
[100]

[101]
[102]
[103]

[104]

[105]

Paui¢ A, Camni A. Functional Response traits and plant community strategy indicate the stage of secondary succession. Hacquetia, 2012, 11(2) ;

209-225.

Mori A S, Cornelissen J] H C, Fujii S, Okada K I, Isbell F. A meta-analysis on decomposition quantifies afterlife effects of plant diversity as a

global change driver. Nature Communications, 2020, 11(1) . 4547.

Freschet G T, Aerts R, Cornelissen J H C. A plant economics spectrum of litter decomposability. Functional Ecology, 2012, 26(1) ; 56-65.

Handa I T, Aerts R, Berendse F, Berg M P, Bruder A, Butenschoen O, Chauvet E, Gessner M O, Jabiol J, Makkonen M, McKie B G,

Malmqvist B, Peeters E T H M, Scheu S, Schmid B, van Ruijven J, Vos V C A, Hittenschwiler S. Consequences of biodiversity loss for litter

decomposition across biomes. Nature, 2014, 509(7499) . 218-221.

Cormnwell W K, Cornelissen J] H C, Amatangelo K, Dorrepaal E, Eviner V. T, Godoy O, Hobbie S E, Hoorens B, Kurokawa H, Pérez-

Harguindeguy N, Quested H M, Santiago L. S, Wardle D A, Wright I J, Aerts R, Allison S D, Van Bodegom P, Brovkin V, Chatain A, Callaghan

T V, Diaz S, Garnier E, Gurvich D E, Kazakou E, Klein ] A, Read J, Reich P B, Soudzilovskaia N A, Vaieretti M V, Westoby M. Plant species

traits are the predominant control on litter decomposition rates within biomes worldwide. Ecology Letters, 2008, 11(10) . 1065-1071.

Grasset C, Delolme C, Arthaud F, Bornette G. Carbon allocation in aquatic plants with contrasting strategies: the role of habitat nutrient content.

Journal of Vegetation Science, 2015, 26(5) ; 946-955.

Zhang F 'Y, Quan Q, Song B, Sun J, Chen Y J, Zhou Q P, Niu S L. Net primary productivity and its partitioning in response to precipitation

gradient in an alpine meadow. Scientific Reports, 2017, 7(1): 15193.

Jenkins D G, Pierce S. General allometric scaling of net primary production agrees with plant adaptive strategy theory and has tipping points. Journal

of Ecology, 2017, 105(4) . 1094-1104.

Gillman L. N, Wright S D. The influence of productivity on the species richness of plants: a critical assessment. Ecology, 2006, 87 (5) .

1234-1243.

Hooper D U, Chapin III F S, Ewel J J, Hector A, Inchausti P, Lavorel S, Lawton J H, Lodge D M, Loreau M, Naeem S, Schmid B, Setild H,

Symstad A J, Vandermeer J, Wardle D A. Effects of biodiversity on ecosystem functioning: a consensus of current knowledge. Ecological

Monographs, 2005, 75(1) : 3-35.

WS, PRI, A S Z RS R FTIERE. BARBTIRAEA, 2018, 33(11) : 2046-2056.

Grime J P. Competitive exclusion in herbaceous vegetation. Nature, 1973, 242(5396) . 344-347.

Kelemen A, Torok P, Valko O, Miglécz T, Tothmérész B. Mechanisms shaping plant biomass and species richness: plant strategies and litter effect

in alkali and loess grasslands. Journal of Vegetation Science, 2013, 24(6) : 1195-1203.

Zhang H'Y, Wu J G. A statistical thermodynamic model of the organizational order of vegetation. Ecological Modelling, 2002, 153(1/2) ; 69-80.

Lin H, Cao M, Stoy P C, Zhang Y P. Assessing self-organisation of plant communities -~ A thermodynamic approach. Ecological Modelling, 2009,

220(6) ; 784-790.

Norris C, Hobson P, Ibisch P L. Microclimate and vegetation function as indicators of forest thermodynamic efficiency. Journal of Applied Ecology,

2012, 49(3) : 562-570.

Clewell A F, Aronson J. Motivations for the restoration of ecosystems. Conservation Biology, 2006, 20(2) . 420-428.

Abrahams C. Climate change and lakeshore conservation; a model and review of management techniques. Hydrobiologia, 2008, 613( 1) ; 33-43.

He X D, Gao Y B, Ren A Z. Role of wind-sand disturbance in the formation and development of Tamarix taklamakanensis community. Acta

Botanica Sinica, 2003, 45(11) ; 1285-1290.

Herben T, Klimegova J, Chytry M. Effects of disturbance frequency and severity on plant traits: an assessment across a temperate flora. Functional

Ecology, 2018, 32(3) : 799-808.

Sonnier G, Shipley B, Navas M L. Quantifying relationships between traits and explicitly measured gradients of stress and disturbance in early

successional plant communities. Journal of Vegetation Science, 2010, 21(6) : 1014-1024.

Wang J, Zhang C Y, Yang H, Mou C X, Mo L, Luo P. Plant community ecological strategy assembly response to yak grazing in an alpine meadow

on the eastern Tibetan Plateau. Land Degradation & Development, 2018, 29(9) . 2920-2931.

Herben T, Klimegova J, Chytry M. Philip Grime's fourth corner: are there plant species adapted to high disturbance and low productivity? Oikos,

2018, 127(8): 1125-1131.

Laughlin D C. The intrinsic dimensionality of plant traits and its relevance to community assembly. Journal of Ecology, 2014, 102(1) : 186-193.
Miller A D, Roxburgh S H, Shea K. How frequency and intensity shape diversity-disturbance relationships. Proceedings of the National Academy
of Sciences of the United States of America, 2011, 108(14) : 5643-5648.

KRR, BRI, XUE R, TS R OC R PSR SO I F PR, HaskBb# ki, 2002, 17(4) : 582-587.

Huston M A. Disturbance, productivity, and species diversity: empiricism vs. logic in ecological theory. Ecology, 2014, 95(9) . 2382-2396.
Walker A P, McCormack M L, Messier J, Myers-Smith I H, Wullschleger S D. Trait covariance: the functional warp of plant diversity? New
Phytologist, 2017, 216(4) : 976-980.

Westoby M, Wright I J. The leaf size-twig size spectrum and its relationship to other important spectra of variation among species. Oecologia,
2003, 135(4): 621-628.

Kleyer M, Minden V. Why functional ecology should consider all plant organs: an allocation- based perspective. Basic and Applied Ecology,

http ; //www.ecologica.cn



36 A EF E MR 2 &

2015, 16(1): 1-9.

[106] Cornelissen J H C. A triangular relationship between leaf size and seed size among woody species: allometry, ontogeny, ecology and taxonomy.
Oecologia, 1999, 118(2) ; 248-255.

[107] Fortunel C, Fine P 'V A, Baraloto C. Leaf, stem and root tissue strategies across 758 neotropical tree species. Functional Ecology, 2012, 26(5) :
1153-1161.

[108] Eriksson O, Jakobsson A. Recruitment trade-offs and the evolution of dispersal mechanisms in plants. Evolutionary Ecology, 1999, 13(4) .
411-423.

[109] Salguero-Gémez R. Applications of the fast-slow continuum and reproductive strategy framework of plant life histories. New Phytologist, 2017, 213
(4): 1618-1624.

[110] Dayrell R L C, Arruda A J, Pierce S, Negreiros D, Meyer P B, Lambers H, Silveira F A O. Ontogenetic shifts in plant ecological strategies.
Functional Ecology, 2018, 32(12) : 2730-2741.

[111] Moles A T, Westoby M. Seed size and plant strategy across the whole life cycle. Oikos, 2006, 113(1): 91-105.

[112] Riiger N, Comita L. S, Condit R, Purves D, Rosenbaum B, Visser M D, Wright S J, Wirth C. Beyond the fast-slow continuum: demographic
dimensions structuring a tropical tree community. Ecology Letters, 2018, 21(7) . 1075-1084.

[113] Pierce S, Vagge I, Brusa G, Cerabolini B E L. The intimacy between sexual traits and Grime's CSR strategies for orchids coexisting in semi-
natural calcareous grassland at the Olive Lawn. Plant Ecology, 2014, 215(5) : 495-505.

[114] Albert C H, de Bello F, Boulangeat I, Pellet G, Lavorel S, Thuiller W. On the importance of intraspecific variability for the quantification of
functional diversity. Oikos, 2012, 121(1) . 116-126.

[115] Tautenhahn S, Griin-Wenzel C, Jung M, Higgins S, Romermann C. On the relevance of intraspecific trait variability - a synthesis of 56 dry
grassland sites across Europe. Flora, 2019, 254, 161-172.

[116] Shipley B. Plasticity in relative growth rate and its components following a change in irradiance. Plant, Cell & Environment, 2000, 23(11) .
1207-1216.

[117]  Giupponi L. Intraspecific variation in functional strategy and leaf shape of Campanula elatinoides reveals adaptation to climate. Flora, 2020,
268: 151605.

[118] May R L, Warner S, Wingler A. Classification of intra-specific variation in plant functional strategies reveals adaptation to climate. Annals of
Botany, 2017, 119(8) . 1343-1352.

[119] Behroozian M, Ejtehadi H, Memariani F, Pierce S, Mesdaghi M. Are endemic species necessarily ecological specialists? Functional variability
and niche differentiation of two threatened Dianthus species in the montane steppes of northeastern Iran. Scientific Reports, 2020, 10(1) : 11774.

[120] Jung V, Violle C, Mondy C, Hoffmann L, Muller S. Intraspecific variability and trait-based community assembly. Journal of Ecology, 2010, 98
(5): 1134-1140.

[121] Astuti G, Ciccarelli D, Roma-Marzio F, Trinco A, Peruzzi L. Narrow endemic species Bellevalia webbiana shows significant intraspecific variation
in tertiary CSR strategy. Plant Biosystems-An International Journal Dealing with all Aspects of Plant Biology, 2019, 153(1) . 12-18.

[122] XUmedd, Sy MY IREeRUP st . ER . AaPla:, 2015, 45(4) ; 325-339.

[123] Rosado B H P, Matos I S, de A Amorim T. A matter of scale and traits; a comment on ‘ On the need for phylogenetic “corrections” in functional
trait-based approaches’ by de Bello et al. (2015). Folia Geobotanica, 2016, 51(4) . 383-387.

[124] EFRL, GORTE, Kb, MBI, KW, BRAE. b IR D RE MR 09 R G L T 55 M R 250 152, A9 ZREE,
2013, 21(5) ; 564-571.

[125] de Bello F, Berg M P, Dias A T C, Diniz-Filho J A F, Gétzenberger L, Hortal J, Ladle R J, Leps J. On the need for phylogenetic ‘ corrections’
in functional trait-based approaches. Folia Geobotanica, 2015, 50(4) : 349-357.

[126] HARME, FRRIL, KM, ASFREE IR 70 5 SR MRS 1 R A5 RO 2. ABL) A 25241, 2010, 34(3) : 309-315.

[127] Munoz F, Violle C, Cheptou P O. CSR ecological strategies and plant mating systems: outcrossing increases with competitiveness but stress-
tolerance is related to mixed mating. Oikos, 2016, 125(9) . 1296-1303.

[128] Cornwell W K, Westoby M, Falster D S, FitzJohn R G, O’Meara B C, Pennell M W, McGlinn D J, Eastman J M, Moles A T, Reich P B, Tank

D C, Wright I J, Aarssen L, Beaulieu ] M, Kooyman R M, Leishman M R, Miller E T, Niinemets U, Oleksyn J, Ordonez A, Royer D L, Smith
S A, Stevens P F, Warman L, Wilf P, Zanne A E. Functional distinctiveness of major plant lineages. Journal of Ecology, 2014, 102(2) .
345-356.

http ; //www.ecologica.cn



