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Abstract

The stability of ecosystems determines whether they can sustainably provide key functions and services in the
background of global changes. Ecosystem stability, particularly its relation with biodiversity, is one of the central
issues in ecology. Whether biodiversity enhances or impairs ecosystem stability has historically aroused much
debate. Based on early reviews and studies on different aspects of stability, here we summarized recent advances
from three aspects. Firstly, several recent theoretical studies offered novel insights in understanding the multi-
dimensionality of stability and the intrinsic link between different stability measures, and we provided an over-
view on these new insights. Secondly, we reviewed recent empirical and theoretical studies on biodiversity-
stability relationships, including those in the context of multidimensional stability. Thirdly, we introduced the re-
cently developed multi-scale stability framework, which provides new opportunity to understand the scaling of
stability and extend diversity-stability relations to a multi-scale context. We ended with a discussion on future re-
search questions and directions.
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N AR RS R G B A BRI AR R NAR
fIEEf1. A3, MacArthur (1955)H4E &M e,
2 tH R 1P i o T % A % 1k 1% 6 1 T 4 4 ) W
Mo X—Z MR R PRV AT, 182 G R
BT 2852, BRI IR 2 R I 1 A 76
RGPS [ R AN SRR B AR BB T 43,
M I A4 KRG Fa e . A1, 19738 May kK &
T O FEE R, BT B PR A B
B EERGE MR E R Z RS, B
MR 2 . BRER), WP RhSL AR e LA A %
Ko X—R MR RIS, Pk T R
TRGEMEMEMINR, B TSI e
[ 2 K -Fa e M 2 4+ (McCann, 2000).

KTREMENE, BNFHECOKRE T ZiREGR
(AR LR 30), ASCrEmr i TAERA B, & oAb
ARG TR E PR PR I B B AR, DL 2 A
M- RN B HEE ML RIS E. 4%k,
et R — AN ZHEME, H 2 AR E TE, XY
HEN A SE MLk, W R R E . Hl
AR FE 7325, DA SO R FHRR AL (S R =, 2002;
M58, 2004). ITIAREFEAERRE HE IR, AR 45
FRIA] A TESC R 7 TS T8 R, A
WAEBAENH, JA, KT 2R e R R
P, EWAMTR 7 ORESCIS A B 7T, 7E201H:
90 FAR T 5 [ NI 9T B DEFA BT IR, XA
HUR A M B IR AN E AT T B 4 THT
[ J AR T (G A R R % L, 1995, X SO RN 4= e
%, 1997), EHNFEFEMHRCE R SMeh
LR r s (FEE %, 2002; EAMMEL, 2010;
skt E R KA, 2016) ASSCARER T i % T4E9)
ZAEPESEIGTT R 1) 2 TS W 7L, AR 2 4E T
FESE T R 2 FEIE R R R L DA TR
SE PRI 78 B O R IUR B, T AR R R T
Bz REHIRHESS, & e A SCHEANIRTT T etk
IR AR . 2 FEPE-FR e PR 2 RO G RS HTY
o T RX SR ) R G EE, AR T
JUAA Rt — B0 7 B 1l A 75 1), DA 5 248
KTt =%,

1 ARG EMRNESEEER

1.1 FREMRIRNIE
ARG ERZEEESREZITIE
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PRFF B A RS BE /) (Pimm, 1984). HARAE
BRGH, FEAFRREPTI, HNESREA
[ 20 7 s AN ], 8] LA 2 23S R e 1 Wk 2 B
TREFRE ) F7 LB B AR T X, BLEANFEZ IR
BOREE(CUNFRAE . V& 55) 1) B2 22 57 (Pimm,  1984;
Donohue €t al., 2016; Kéfi et al., 2019).

M Z G5 A58 F, 3 (perturbation) B T $
(disturbance) /& i 52 M A2 38 KRG 5 M F sh &S I AEY)
FHEA Y45 2047 (Donohue et al., 2016). A[FEIFLE)
J7 0T AR BE B AR AR (013 R R B I ] &) .
oA AR SRIESE T R B AR FI X 43 o f&
45 L nT L8 4 ARk 8l (pulse perturbation).
[ 38 L B (press perturbation) A1 ¥4 $53 [ #1 4 5)
(environmental stochasticity)BYFRME & 80 (noise) . ik
MRBFR R R . — IR VER I ZOA S A1k, 0
WHERK. GR. KBS R KRE, Phafairs:
IS [A] AR AR 2 A PRG3R Ak, AnRR2E LT 4F 14l
i 5715, IR RENLAR BN TR AL P AR A M IR B )
BENLEE 2% BRI SR B (Keéfi et al., 2019). [
SRIE R AE I TP AT 2 1K 3R L A TP A 4
A, 2T 2R PR, B ek S E R s
JHA) PSR P Ik s (i B /K )« L (S
I b 5 (KRB 8)) . FEAFE TR T
ARG AR AN, R P R — AR
PEFE bR TR EHR AR T F TP STk &= AT
KW, ZHOCTRE 75 B K T L 8h(22%)
AP BB (32%), FZFREHLIR B 5 H R A 295%,
HACNREBR Bl X HE OB 7T(Kéfi et al., 2019)(E1);
RZH T R FE—MTFIE R, KEXPFTMNHR
— AR S R, AR T 2983%, SRt
770 15 EE2180% (Donohue et al., 2016).

MARGNE TR, ARG B & — A
ZlRk. ZRENERE, EEAER RS E LS
PR v S BN B A R 2 ORI RS [y )92 7 =Ko
BpHh, FEEAERS R e R TabrEE T DL A
RGUARIRHE, Blanie S8 e 77 1R
SRR BR, AT DL BORE 40 1) 28 5 45 K RN 2H BURR
fiE, BIANIEIAIEE . FREER /NG R Z T I FE bR X
TAEWRE R, BRENB R RZ, SHAE
59%, FLAR PR )Z T I R(Kef et al., 2019)(K&
D)o S HEIRHT SRR T P02 B Ront £ € PE 4R
PR, 8 A 7 R J2 T )78 e 1 S i b 2
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Fig. 1 Assessing stability in ecological systems requires identifying the perturbation type, ecosystem component, response level,
and response metrics. The percentages and the width of the colored linking lines indicate the percentage of studies included in the
references database (adapted from Donohue et al., 2016; Kéfi et al., 2019).

HHH WRR g, T E T KR ) 5 2 A A
L% (Haegeman et al., 2016; Arnoldi et al., 2019). %
AT R EJE M, FoE tEdEhs n] DL X 35k
(regional) B A A B T4 7K 1 B8 B A1 51 358 (local ) B 7%
KPHIFE R . WF A2 R GuAe e I n) R i, 75
B0 m BN 2R A DL R AR S RS B = IR, I
HXorfaE R A (B ).
12 REMMBZHESR

AR ARG IE RS T AESREEN T
JIHRHE, B— N2 ME 2 HEE NS, 7E5LbriT
P HAR N Z AR E SO EE RS . iRFEGrimm
FiWissel (1997)4itt, AEZS 2 3Cik A A i 160
Tl G T A8 1 7€ X - Donohue%(2016)% Fa & M AH
KCHRI T &5 #, 75\{5'71'—“741‘% P e S
TG OLZE AR K o KB4 & R AEA B SCR 42 22,
BIFREH EHE%E’JF%?W% REZBRTRENER)
WA T LA e e br, HA &2
KA 4Fh: H#EPT /I (resistance). Pk & Ji(resilience). F
A ME (persistence) Il 4% 5 14 (variability)( 1, K 2;
). MPNIEESRFIPUIP A THIE A S
SRR T Re OR R B R 7, — RO BT ik rh S
B, B REALEE — 0 P st A dE K A )
ANEIE T KB IIEESRSGEE BN TIE R
(RIRBIR LLJG Yk 5 B JEUIR IR RE 7, — RO B T ik a4
B, R R ERR . NNTES) . xSRI
AT — RN . FEAMERR S RGE—
EINFHEE N, 4R R RS RS, —
FEORE BT IR BB ia s . BRI RIEAS R

G0 PR B e — J& M (A 4 2 ) BB N TRD IR B PR/,
A SRR, R Rk, R T IR REN LS . AR
A, RN RIBR AR EE, A
iy [) & 2 P (temporal - stability) 8¢ A28 4 (invariability)
(Tilman et al., 2006; Wang et al., 2017).

BT RE bR 2 4etk, e O Bl R
AN[FIFRSE TEARARIAN ) G R, %EXHT R
J& - Donohue%§(2013) 3 T 2 i AR 7S R Se T 41
P SEI A, KRR T 2 48 RERa e YENE S HE SR
TSRS Bl B IO B, R TR
CRABNZYFED) . Pt ). WA R, 251
A e M AR 22 PG E T DU BE AR AR, TR AR S AN
F RS TR A R FR bR A8 R o i WEFE R,

BNV BAT 2 458 SCREAR, (HASFSR AR R A
A RARSRNE, RIIZA S RGHRE EVEA B L

HABGRE YR . Ha) b, BT ARoe s
(LA SAR O, DR MR AT AR T — AR M de
b, thERAR T HABSRAR AR I 5T A I R B, A
AMREIREE TR, ASFIRR G AR AR 2 18] PR AH 1K
KRGS, BB R EMEM4E R N, SR 5% T A
PR RIR, SCEAEHE FRR G H Bk fRE, A1F
ﬁéiﬁﬁ KT FIT G AR T 2 i e v
HEZE, JFIE T =T ARG R T 72 07 1 .

ﬁT@%Tﬂ%FM%iﬁiﬁzmm%%,u&
T3 07 AUl X B A 5 %, RadchukZ5(2019)F)
F Z R A 2S RGBT T T A [F) -3 50 5 R 2R 5t
Rl R KT R MR B s . S5 SRR, T
P2 A T AT B i P S e ek ) 4 A R,
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Fa e M 4E R Dimensions of stability
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sy | MRS TR | i)
Perturbation type | Early response to pulse Distance to threshold
(Transient response) (Long-term response)
Rkohdizh
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B2 FaE 2 4 IR i K& 5 HEh KB 0T ROk &R (22 B Dominguez-Garcia et al., 2019).

Fig. 2 Multidimensional clustering of stability and their correspondence with perturbation types (adapted from Dominguez-Garcia
etal., 2019).

R For M EEMWE AR R e S xR, R E R4 2 (K1, E2)(18 50 H Dominguez-Garcia et al., 2019)
Tablel Major metrics of stability: definition, perturbation type, response level, and dimensionality (Fig. 1 and Fig. 2)(adapted from Dominguez-Garcia et al.,
2019).

PRV ei=pan TE X RIS RLE IR EHEIES
Stability metrics Definition Perturbation ~ Response level Dimensionality
type
373 RGURPIIBIIE B 5 45Dy B ORI ORI RE ) Atz Yikh, B X B P sl i s
Resistance The ability of the system to resist perturbations and keep its structure and Press Species, community  Sensitivities to press
function intact.
R RIGAEE BB R IR UG T 2 B IR IR BE 77 il 7 ] Yifh. BEVE SBEMEE
Resilience The ability of the system to return to its original state after being Pulse Species, community Distance to threshold
destroyed by perturbations.
R TE—EINFHEE N, R ERYEREE —Rre RSHFE . IRERENLINSD BEE o 3B P B R U
Persistence The duration of the system remains constant or maintains a certain Environmental Community Sensitivities to press
state for the duration within a certain boundary. stochasticity
A2 5tk Z G ) Z BN IE R T 7P A AL R S LIS Pk B 5BEREE
Variability The amplitude of change caused by perturbation in the system over time. ~ Environmental Species, community Distance to threshold
stochasticity
SR 7 RGP RZSTEORI B B KR I Jik i3 VK o Bk e Bl e S
Reactivity Maximum instantaneous rate at which perturbations can be amplified. Pulse Community Early response to pulse
>IN ON V| FRGZ KM SR IRZS TR B e KR LI RE ) Jikrh Pz & of Jk A 0 ) S 3
Maximum The ability by which the perturbation that grows the largest is ampli- Pulse Community Early response to pulse
amplification fied after a pulse perturbation.
KB EORTBOR IR ] 22 458 32 K P 30 Jo IR A5 B e R JEE F i 1) Jik 3 FEE of Rk A B0 ) 4 )3
Time to maximum Time to achieve the maximum amplification after a pulse perturbation. Pulse Community Early response to pulse
amplification
(1095 RGUZ AR TR A T AL Y Atz Wk, BE% 5 BIE I EE RS
Sensitivity Average change in the biomass of species after a press perturbation. Press Species, community Distance to threshold
i 32 1% RGFAYEEINERE T SEH R E D> — MR LA 2R Miaits Yrfh SBEMEE
Tolerance R ER A e /N BB KA. Press Species Distance to threshold

Minimum global increase in mortality that leads to at least one extinc-
tion under press perturbation.

Fafi it KAV R D B SRR I — R L N ITR I B KA. ha sl g 5BEREE

Robustness Number of actively performed extinctions required to reduce the Press Species Distance to threshold
number of surviving species to 50% of the original number.

O] UKL 5 AR K A A IS 3 B S 7wzl ki S

Cascading extinctions Average number of secondary extinctions following first extinction. Press Species Distance to threshold
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HAXFhgZme 2R AR Ko 20T R, X
T PRI A 7 B AE Z AEAE SR T T .

T K 2 2R e T HR br S M V& 2H s 1)
AT A0 TR AR, A E R AT RENIER
B 1R E 1, BT AN [F R bR 2 (8] SR AELE L
FAZE _F5CEk. 9] U ArnoldiZs(2016) N H 2 F )
T 7 BRI FE R LA RE YR s, s T
WAERE . RF b, X B (1) 1] AR S R Gk,
kB W RS T R PR B R AR S
£ IFM %% & - Dominguez-Garcia®5:(2019)F) it 5
BUBHIIT 78 7 32 A e 4R AR, FEIETAEOCHE 4
MR A R PR AT IH2E, RN E
FAEIC, A E AT A AR R IA NG 2, AN
R AR AT LR 3ANGE L (K12, K1) Xf k430
()5 e 2, Bk b sl e BETRAE RN S RG]
RSN ESR, SREMES, N RGHT SR
IS EH PRSI gett, SRR AR E ZGRES
AR S R, 0T E SEAN A R, RIS
G ARSI ATV 2 (8] S B Y s A AN R A ) &
Ak

2 ZHM-REMXRAMRIHER

21 ETEYSHMEIRNSEHESIHT
20HZ090EAR IR, SERE TR T — R4
W) 22 A 1 4 o) S B R UL A A, LR Bl A S R
i, KAEEBRG . W5 H KR (microcosm), H15
T S 56 (mesocosm), LA 7 W 1) 22 i s B¢ 94 FE) Y 47
LI RN 1] 5256 . Ak b, IX SRR 5L R B AR 2 B
PERT DM A S RS D fe (AR 1, (H P ek
D ReAt )2 i 1 ke M mT 584 AN A4 H (Tilman et al.,
2014). Horb, FRoE MEAE AR E OBV B ]38
PE, xR PEEh 77 KON EERE AL . Hedn, Bai%s
(2004)%F N 5% 17 H AR BLHLAE 25 R Ge AR i [E) UK B))
FI AR 7222 B, P00 A0 Ty B BEAE TR 3 7K I8
S 2 AERE ) AN, R T AR E
YEMPIFR S D RERE, 5 2B FEVE KB B .
£ T Cedar Creek H i Z #1550, Tilman (1999)A1
Tilman%%(2006)ESE 1 47 22 FE 4k T 1 I s vk
JETH AR 7= 77 I TR AR e M, A (R i 2 B AR R v P9
BEZTHAE P 1R e M JE T RN 22 R IBE X 2 F 1
SEAG(BIODEPTH) [ 45 AR B, ¥)F0 £ FF P v] 3
TIBEVR 2 A 72 g iR e 1, AR BRI AP B KT 1R

FRME: ESRGRENE LS EMZRERRR 1131

SE ;TN TR R AR I 2 A 1R Th R KT,
W Fh 22 K P AR E 1 G 2 35 1 H (Hector et al.,
2010). SR, FT 55 A0 I HHE 1R & 23 R B,
Vi 22 R M A AV KT I R e PR LSS
{23t E H (Houlahan et al., 2018).

WAk, A2 F RN T SR A N M 2
FEMESRREMER R R, X, fooe 2 it
FIRVIREE 3 5, S5k L PR H A A o A=A A iy >k
[ kSN . IsbellZE(2015)3 T 46 T E A 2 1
PEPE I SEIREAR TR T8 & 0, BRAEMZ N
e 13 R AR A R GO0 i+ R AR BT AR 7
S5, VI 2 R W] DA 5 AR S R G0 i T
BRAN AT, (HX T 55 KR T
Wi PR, N RiE B RIS AR A 18 ) A 2 K
PR R AT e 2 HIDRAE S R GBI E I, T FhiEH
F S I O AR S RGN AR P 5 A R S
o SR, 3%t oxd AR B AR S AR 3 A
VB (P EEA T R I, BRI M R E BE T A
S INEEIE AL 7, AB I ARG SRR AL 7 0] B i
IS SRR 71 (de Boeck et al., 2018). *titk,
VEE B FLVNER S AR PR 1T B 3R L 2 R
R 1k BRI AT RE 2 A HEAE IR R M ZR G H,
WK R G ZRAPE R ER IS, SR
1) 2 5 e A

BME 2, W E30F R KT 2R e )
WEFE gt T — AN EEI, R 2 Rk 2k vl Re
HISSAER RGN E, X—FAESIRENE 5
NEAEER X AR (b i B A K AR
oy BUTFE. COIKREE. KT RF)ER RG L5
A AR P A R, MO 1 AR R AT Re
SaErE. Hrh, BRSSP ) AR A0 T e
B FHAES RGN B AR E AR S R R
(Hooper €t al., 2012; Tilman et al., 2012). ¥z AT 5T
BT 120 236 SL i 8dE, B2 A =B EAR
AR an ey s AR 2 R G AR 7 I BRI TR RR e A T
543 Hr(Hautier et al., 2015). BFFC RN, &S0,
K COIKREE. BRI K EEIA AR 51
(AR 2 REIE AR A 5 A 7 R VE R AR v AR O,
DRI S PR B A0 A 508 AR 3 R i e 1 T g 2 ad it
SRR 2 FEVE ST . Hb Ak, MBS T RE LR
AV Z TR E AR . T R ERELHE FRI N
S256 ) 2% (NutNet) (B 70 R 0, V)M 2 pE P vl s
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SNBSS B D G R AR RS R G AR E 1, (HIX
—AERAER. B FRES AR RO SS I R
(Hautier et al., 2014).

22 ZHEM-REMXRNG: EitER

FIFHBER A A DS RGN, BRESYZINZ
FEME-F2 8 QR AW T IR AR, B Z FE PRI AR
%%m?ﬁﬂmﬁ VMR T RER A R,

XEEFIR R Z A I A AR M. FUHB F T
M % 15 71 (phenomenological model, BJ AN & Fh A
ANASIERE), K IAS[E]) W) ] i 3 3 0 A 5] 25 4
AP G R R, NS SR B V8 B A 3 R GUKF )
FoEte. WAL, AV 2R 5N 2R B R
BNAS(E X PR EE I BN e R7), W] 3 s Vg B AR A
RAMATE RS et ST P4
W, X —AE ML BEFR ORI 2N (insurance ef-
fect)(Yachi & Loreau, 1999) 5% “#% % 4 & R v
(portfolio effect)(Tilman, 1999). tb4h, A4 FEMER]
B4R RG DR (B B A EF A7),
M BEAR G TEBE AL B AR B V& B2, A AR RS
FEAERREWAE A o X — 1 F B RR ol e R
(overyielding effect)(Tilman, 1999). XJiX LA K
TELR R e AN SR, ] LK SRR B 7K 5 (2016)
#Y .

BT R ME R AL, 5 ] Thibaut A Connolly
QOI3)KE T —ASH R HELE, KR %ﬁéﬁ%giﬁ
YEST PR RS & ﬂ£$ﬂ¢@$¢|m§$katﬁﬁﬂ@
MG, ESRFRE ﬁm%?WAl% iA
RN IS 38 50 (R e 82K/ LR AN [RI ) Ahont A 455
7 () R ) S 250 P (R AR B AR ) o 3K G GRABE AR Sy P
) 2 REATE SIS v 22 R S5 AR E MR TR ) IR A 9K
PEFRAL T BIRIEAE . SR, IXRBAN R Z BT HLR
2 ERBGE, AT REAAAE — AN, AR
BE T REAN ML), SR ICIERT B3] 3 R4
B A Yi(Loreau, 2010).

R, AR RS — R B ) SRR 7T
ZREVE-RROEME R R, R R P Bl 2 AR [E] 5% &
HI1E FH (Ives & Hughes, 2002; Loreau & de Mazancourt,
2013), HLANFESE SRV T, MhiE 565 n] S ECERA)
R AL SN G N, AH R 55 A4S AN [R) 40 18] )
I TR) 35 3l A B R B e 20 1, DRI AE R VR K1 |, 52
G0 T A A EH DA 7 A DR 2R PR o B A
SE o IvesSH(1999)F T — Nl [A] X AR 1 52 A5 7Y ()
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ﬁﬁ%ﬁﬁﬁﬁﬂmﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ)
R, a5 P R Ve SR 5 H b ) S
P TEAE R AH BRI, Mﬁﬁ@ﬁ%ﬁ?ﬁ%%ﬁ
FEFF5M . Loreaufllde Mazancourt (2013)F]H—4>
ZUP TSR, RIAE LR 3ME DL T AR 2R
PRI o e PR R 5N R ™ RN AR AR E M (1)
WTlons PR B B0 (1) A LE IR SAFAE S B ()Rt
P By Ve [ T B A7 AR AR 22 7 (3) 1) 5 4 5k B
i IXLEFH AR PR 2 1 B R E AL 4R 4HE
T8 ERIRERE, I 9 EM 2 AV ESEIR T ST IR 1
T T, H LR FEE R AS [ RS E AL
A RN, R FAEA [ A& RG] 2 57 (de
Mazancourt €t al., 2013). ItAh, A/b2z35 R H & 4
BV 2 R S EME R R, IR
(2019) % Al 1 VR ZRIAR 73 SR IA9, 48 H AR KK
BEAR SR S i H AT IR ISR AE R, MR et 2
YEFE M Z A 2 — D R

SRS, AHECTMEREA, BE A B
N TN, BIAEZS R RS e MU TRk
IO 5RO TR 2 a7 B SRV oy VAN 2 = B AT
RPN ] R ST BE LI B AR . BOREEVR Zhas
TR I AR H T 1) 2 R AL, (EIX R AL
PR 22 RE 1A MR OR R AR T B IR JE I R
W I G AT R R N AR 1), I e
B PIUIAS 5] AR 2 2 0 R ) R e AR R AL 1 B R
HEZE
23 BZHM-REMXANSHEHE

AW 22 REPE ARG E TR B AT 2 4t e SURN B B4R
Br, BRSFH_HEBRRKAMTERNEK. )L TF
KA Z FEVERIRE S B 4 e 2 2 4R ) I B 45 A,
FEAFE: PRI, DR NMAGKE
ZRE. Hrh, R 2R R BRI G
SR EE AR bR, AT 7 2K A5 AT E R
AR AR, H AT R 2 82 Rk - R e TR T
KB 732K F 2R . ThRE 2 R 21 A %
VIF DI RE AR I 22 S A I O, B sZ P Fh o fig
%ﬁ\iﬂﬁ%ﬁ%ﬁ%m%&5i%mm8c
Cabido, 2001; Mason €t al., 2005). 7t F NN, Th
e 2 PRI RS E TR Romm LL 7 2R 2 R T B .
e 2 FEPEEUTUARRAE 1 Fh[A) D REPEIR 1A S 14 F1
YAEK VN i I 7 11 B B RE S N VAL WK PR gy A=A e
BERGFGEN. ITHER, KT IIREZFEME N AL
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It & (Zhao et al., 2016; Hallett et al., 2017; Yuan et al.,

2019). KGR B ZHEEZE T HVE FOFTERA K
BN ERSEGE R R. EAESMKATFERBE T, 5
SO0 F3 05 I Fh B A B AL PR R3S N . BRI,
ROURE Z RS (RPM SRS OC Rilliz), BV
AN [ P %ok B 5 30 20y ) e 87 22 e oK, HLER T AH
R S S IDA B2, o aata = b VA O 1 ) AR YN ]
AAE— @ AR EHRIE RhA) e 2, WG om TR B A AR
SE M (Cadotte et al., 2012). F T i L9 KW 7
R, SN VLB IR A LRV a8 AL 2 R 1
AR REVE A E R EME(Pu et al., 2014) . LTI B
FURI FH BT AR B VA B AR, 5 5B 5 T3
KL FEMEAR AT F AR S RGiR e R, KB
VIR ZAEPERNTE 2R 2 AP T 1Y s (8] 0 M N
(1 SF 1) B %, T D B 22 A 0 AR o A FH 2B 5
(Craven et al., 2018). 7F KJUE I, Mazzochini%%
(2019)F FH Wi 43 A 15 BUAS AL B 5 W B 7 52 A
FE&HE AR MR (Caatinga) AR A FE Y1) 70 A A1 2 #1420 B,
AR K. aEERETE, RIUXERE
(IR DI VA 184 2 PR SR A A = Do Fe e e 5 A
KRR, FHEEAE 2 I XA 43RS
1B R A B T2 ot R SR AR ZS R G h e 1ol iy
ik,

DI Z FEE-FR R R R 2 KE R — 2
SE AR DR, I AR T WA A 2 4EFEHEZE TR 1) 2
FEME-RR e R R, BIETR A4S REHZEAR
fEMEIRIR S AR ZHEZ MK R A ER. X
SERE T BE AL RS A, AR SEIGHT L. IvesAl
Carpenter (2007)F A SR TT T 2 Mda e
PEFRFR SR ZFEMERIOC R o X FUBLL 1 Rkt
A R, BT AR
J1s B 71 ZREZRGNRESHH . SR
ROPHET . PR ERIE) . VIRRAERRSE, AT T X LR
EMESRIR SR Z R OC R . AR, TEA
F et UF, ZRH-FRoe R R/ 2O H
T than, ZREME S, BRIPEtsh e R o vk
SR, (AEE NI T RVE S A EIA
AFPEIESE . BRI, HLAhieTE L
ERRGPA—EEH, EIZFF T A MR
SEEFRPR T REAS A RSG5 S s, O/ H P TS 56

PR ESRGREME LS EM R RR 1133

WERH R T REE R, B 2R br 520
PERIE R AR . IsbellZ(2015)%: T e FRE A%
FEMESEIO R, B8 1 WMo S EF4 T AR 2 ek
SRR RGuE = et g e v P IR )
(IREMA o BRI, VIR -2FP AR 2 BEVE R,
HR AR 7 PR AR A A B R R T 2450%, T4
FhECR16-32 1) 3 2 A PERER AR 10 £925% . AL,
L RETEIGIN T AR RS RS, EXRE S
TEEER. BT ZHEEERNESRGREAES
T 77, PRI fo 8 AR 300 HE B v D BT T A 1k
Pennekamp %5 (2018) LA /K A= £F & HUBEVE NI 5T %6 %
BEAT 17— TR FR R 7 Gl B < W o = ) 42
SIS, RV Z RV S T RS R AT RE I ]
PR e (] A N TR E S e W (N (S D B
HOE AP S L M 521 ik AN A/ E 4 = 3 i 3
AR RG e ARV EAERIOER, BT
A DLHES B AR AR S R G RA, I At — B
B6IE

24 ZEFRESRENSHMERTEEXRRFAR

EHRA T, EE RGN R eI
HIEAN R —E R RN SR g, T2 AR
Fr 2 2 Ta) i I ) o3 A0 e B A i R A ELAE Ve 1)
(Brose, 2008). HR#EMay (1973)FFRIMN, ¥nhh 2 18]
RE LI BRI 2 . IR, AR REW
FE AR E S855 . BT May 1458 25 TRl
W 2% 25 e 5 i, DRIAR 2 A4 38 5 O BRI 4 5
Y EIRIR R B IRES RAREE M 4R L] o
IXEEH LRI AR T 2R AEBE AL Y
dReE O AR R R M R, IR
[ 4% 45 ¥4 (Thébault & Fontaine, 2010), §57H7 %2 H
YEF(McCann et al., 1998), W§#54F al1F FH 140 5%
P (Jacquet et al., 2016), #IFh A& KN4 (Brose
et al., 2006)%%

SLES T, R 2 RV -RRE Y AL 2 R
G AETH W ES RS, HEEE ISR
ST R, 2 8RR LT E
AL R R H#EE. 2o, HFKERERESD)
VIR DI REE R S A R R . S, TR T
V2 A R EHRIG I 7T, g FONER IGIE IR
JESEAL TAR R4, LU nd & 2 A e] ofes 22 4 k-
FaEME 5% R (Jiang et al., 2009), LA KEGEEEHE
FNA A P4 7 Gk PE 1 /E F % (Downing et al.,
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2014). JiangF1Pu (2009)i8 izt & T-29 160, 75 fifi Hh AT 7K
RS RGO B A 0T R,
B IRRN 25 TR TE I 2 AT 8 R R AE
EZ7 R, TE2EFRYHVEH 2 ARt
AR FH (BB TR AR S ) o Bl 3 F 25 7R 9007
TR ) LR R B, B IR BIKT 2 R AT A
AR RGRKE TG IR P, B TR
(1) 2 B 22 FE I 205 A S A FH (Zhao et al., 2019). 3
HAAE G HESN W R 0 o 11 7 T (R A FE AR A T8
& . Catano5(2020)7E KRt REE EXTIESE SR 2
PERLIN KA B SR B, 2 (A8 = o 1 S 2 T e

PR DX IRV e B PE R A G OR R, TESE T 52K
Tﬁ@%%ﬂﬁ@Z@%%ﬁﬁE%Qm%*ﬁ%
T B « Yeager®5:(2020)F) FH vl 7= 58 3 (1) /K AR A
VAN I ERE, KR ITCEHESH R T8 AN 2R
IR E M HIE AN R IEM SRR, HY
IR R AAHCR R, HEERIERY, IEHH
KN 5 AN IR BE R B RAE T /K AE DAy iR
W2 fE, BN 28 FRYUKAE LB fa e I AE
FH B T Fh = e v A2 e IR .

3 ZHEM-REUXRANSRERRE

2 FEAE-F20E PR AIE 70 8 BEAR AN 000 A= ) 22 R 1
PR AR RN TR AL [ R L . SR, X
B B R R, 23 1)V 4N 1-100 m?,
i 18] 5 2 A 1-10AFh B 4R (Gonzalez et al., 2020).
1M H SR Tt PRkl 2k R AR AEAN R S R R b, B
TR RERYMEE N, SR XIRRER
Wy oK 46 F1 42 35 [F] 54t (habitat homogenization). A
T XoF AP B R R A AR A S A PR R SR S B
(1) DX 3 A= ) 22 FE AR AN, — > B 2 () i G e DA
FEJRIBUREE W A5 0 HE T 2 R, X 3 Al R
REEVIF R AN il 58 AR A DR A B 3R
MR EEE . Nk, RATFELRREZ RERR
SEVEREFURESE, JRAE LS A B4R Z A AR et
YEM
31 ZREREMHEIEESR

HFAESERKIILHEL, Jorgensen Fl Nielsen
(2013) A — $%XL%ﬁTTH%ﬁ%i%ﬂE§

RGNFETEZ BB R . MY 2 1 1 4
M. #E. MR MR, BEE. SO0 RS

5L, HHETROER SR NN A 2 5E 4
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MST R, PR TE SE Br B o B — 52 R PR
WangHllLoreau (2014, 2016)3 FAESREVEHIE, &
J& T — AW IRRR G PR 28 (R o AR HE SR o RALT-A9
ZREME R A (B A0, ZAEZRER T o BRIYESE PRI
Wi #0% b, XKIREUE S VR yAa e e v
JR ok g AN AR E 1 o B AAcHh, afly AR 1 73 i 48
RT RBRX R EAES RSN e, pa

EVERRIR T AR R AR 2S RGeS 1) sl (R [F) 20
PEo MR BIX IR, R3S RGu e e ik
S, AT = A TR RS E - T A O 22 (Wang et al.,
2017). Ht—DHh, AP RS R G R
I3 RN RS E YA A ) 53 28 1% (Thibaut & Con-
nolly, 2013). [k, & XA RGfaw tEn 75
FRNFRRRE M b A) 2D 1 R 2 ) S0 1 ) e A
(Wang et al., 2019). X — 7 fRHESE R B, 8w 74
] A A DR 30 X S AR 7S R G ke HERI3AN 7 E 5
Wi, R DA B DX 3R A 5 2R A e M A ks L
(E13).

HFIX—HELE, WangHlLoreau (2016)f# H 7% 4+
PEEE G HEE B T 7 AN F REE M Z e 5 4
BRGELRZIAMK R, FHRAIRE, o FEE 1Y
SR RIRA S RGMAR e, B2 FE M T BR AN [
BRGNS R AP, BIptaEtE. B, o
B 22 A 73 o) 308 ) T DX R ) o 285 2 Ay
XIRAERS Rgie it (e . ZuEE I =
FEME-FaE R R R AE oy BPRIYEEAF R,
IR A=) 22 R PR RG JE 1 8 2 2 i U DX 3 L A 17

EBRGRGEN . ZHTRA BT B BRI AR
(I FREE [F) B A0 ) R AE ) 2 FE A R RS R RR
PERIAZ EHLMR, R TT R AR S R A LS R
BA SR o
32 ZWHR

BT EAERE, AR KA T BRI

VIR P AR ERe A LS ZHMN R,
Wilcox%5(2017)i@ L W & R B 43Kk 1K 62/ M EA)
TV O EE, € VPN T VMR SR A 1) 2P
PTG REVE ThRe R e I ER . 2 iR, B
VR Z M E) P S E R E KRR, M
SYMAEAN [ BESLA] 0) F0 A A OC, XAl RRYR T
BEHe 2 [ PRI 22 5 . WangZ5(2019) 41 FH 35 [ 3 22
PE RN VD IR DR A, 5T A BRI
HEEATHEREWNAES” DR ZHL, B
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KB KA RABE )
Regional/landscape Regional ecosystem stability
ys = as X )Bs
z:' - ~
Z3 [l A ()
e Spatial asynchrony
ERRS JRlBAE S R G RE M (o) H: 1% Z BV Habitat diversity
Ecosystem Local ecosystem stability 23 )W) Fh 4345 Species distribution
0 = Bapecies X Prpecies I, 5%54H2C Environmental correlation
4 25 |a]1d 2 Spatial process
YIRS (Bapesics) A AL P (Bopecies)
Species stability Species asynchrony
Yk Species FhEEHSK 3 % Population growth rate Yofh Z A Species diversity

F ] 354 Interspecific competition

FRIE RS BEYLI: Environmental

and demographic stochasticity

23]33#2 Spatial process

F[A] 74 Interspecific competition
FhlE AR AH O Trait correlation
z3 )13 72 Spatial process

B3 ARG E M AR N AE R B o XI5 R GURE 8 1 mT LA ON Jr SR i 1 AN 3 18] S B VR SRR, R s e 1 mT ik
—IB TR RS E ME AR ) F D MR RS . ANRIAE S I Rl I R A AR E I L AR IE) b A A () R, R RE X

IRAE S RGN RE PE(I2 2 H Wang & Loreau, 2014).

Fig. 3 Intrinsic links between stability at different scales. Regional ecosystem stability can be partitioned into the product of local
ecosystem stability and spatial asynchrony, and local ecosystem stability can be further decomposed into the product of species stabil-
ity and species asynchrony. Different ecological processes can influence the stability of regional ecosystems by affecting species sta-
bility, inter-species asynchrony, and spatial asynchrony (adapted from Wang & Loreau, 2014).

J 2 RV BB I AN [R) RUBE () [P AR E M. 25
SR, MR AR DR T R B R (R B
AN, THEVE 18] (107 ) 28 AR R AR BN . AR
JRERT X ISR, aflI B2 K 4 4 9l S 4 R ol ) R
WAL TR SRR R . AL, ZMF ARG R T R
YRR RBEAER U, RIS 20 1 AR 38 3 X 3
N2 NI (R 27 C P SIS 37 9 S R N
Zhang 55 (2019) £ iff: 7 5. J5 ¥ Jg SEIG A 7T 7 &S
AN E R A Y =F 8 ARV A s As E 1)
S FUR I, IR b, BRI b R
B AR AP, T RRACEE e M. (BAEX
BORE b, A INEA SR 5 F e v 1) 10 7 8] S
A, RO R IV A B0 2 22 5 v ek [a) ORI
RS HERE X IKP AR S RgifasE .

U ST A0 22 RUBE AR € I BRAL B T A BORR
BRI AEAS RGUHE T - MehrabifIRamankutty
(2019)43 1 7 B & A IR EVE, #4312
BVEYI(HI/KFE(Oryza sativa). /N2 (Triticum aesti-
vum). K5 (Glycine max). & K(Zea mays)), 7£4Ek
JRUBE BRI () A8 78 M 20 2 D J 3RS 8 M (o i ) 7
ANTRIH X 2 Ta) () e P A (B e 1) BTN, 3L

TR AR A Y B 2 W [P TR, AT
W5 T AL B RRRE TR, WU T
AFTEF N REERR R BREN, f§ SR
A NI R A SO T, REFIX I 1]
FRET A7 1) 7t 0 M 2 o B f 22 4 ) G
Lamy#5(2019) % ££ 5% A48 JE 1 g #8 I BE AR
MRIASE R ) B R e M T T gL, Bde T A
R GLALLA)Z T ORI AR ) A 223 18] RUBE (JR 48R [X 45K)
Wt A R EEAF 2. W TT R B, Pofh i)
P S 2 1 B TR DR S8R 5, 1 AN TR RV 2 T
S 00 M s 1) DR B AR 5, 3K A RN T E5 AR U
FRFHEERRIR G R AR A FYIR BRAL KR AT
(RE FRAFAT I SN 22 57 S SL EAME T e WAk
PR 1A RGOS R Rl T el T Pe R A I A
171 5 1 7 R 22 ) ) 20 1 B0 A 2 T DR R

4 FHRFEE

H20HE 50K, ZRME-FREM KRR —
HARAESFH A — % OVGE . TvesHl Carpenter
OONFEFRLHR IR, ZRE-FRE 478 T
AL AN TG E W, R WA A B AR K
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“FAENE”. TR 2 LT 2 RE 2 FEAL IR T
KRR T R R PR B YRR RN e X,
DA R Z REE-Fa e MR R IR, BUAR T — R HE
L. FeonlHh, BB FCRE B TS [F AR E AR AR
Z AN AESCHR, a7 T AN FERE Ve in 5 2 ek
IR RAAEZE R, B0 T 2 R E M H AR HE
B8 IR BN 2 FEE- R E M 3R TR
W, IS EREMIT RN ITRA R T8 X
BT UATH R A, AT H U\Tﬁfﬁ'é

WEFRTT AW . 25—, H RIS T RaE YRR SCikAE
AT R = B S, 8 guth FH AR E AR AR
A RGO IR E PUBN R WA S, X ANH] T 15 ]
FLAE R LA R AN [F)RIE 7 2 T8] B LA R 8, DALt
SRS ST TEN R M gh R e X, D
RI 2 REPE AN [F) 4 2 1) B € 1 48 b 1O AR AL
(Kéfietal., 2019). 55—, HHIRFH#H —PELF
FE S HEVR AR SRR, RO R A B
Ay 52 22 A M -A20E 1 9¢ &R (Tredennick et al., 2017;
Gonzalezetal 2020). VRS RG D)

fe 588 ML ORI (Cardinale et al., 2013)%% 77
ﬁﬁﬁﬁﬁn, ] B X o T R 0 ) L2 R
177 5 8 FRR N BRI K- 2 R AE BAR FH T Sema i e
PE(Zhao et al., 2019), K JEH 13T ThREMHIR G B
W, BEMMILLE AWM. EERG IR
Fa g PRS0 70 4T (Zhang et al., 2013; Krause et al.,
2014). 5=, HAIRT 2R R RHITHE &
BEH ARG T IR, T B S R (s . %
K BRI KGR MR 2 FE A8 E 1 5%
ZRITRZME, X TR0 AR A FR Gt A ERAR A 1) e B A E

& Y (de Laender et al., 2016). Kk, ZEWN5RA
Bl ¥ 54 2 FEPER S BRI it AT, e B ER AR
XS Z FEPE-FRE MR RIFEMT . S DY, AnfrmRE AR
MBI AN TS RAEHS R 2 —
N A @ (Manning et al., 2019). TR B Z R
FE A M BR AR A g 1 AN IR ROBE A MR 22 8] (1) R B,
IR RN REAER RS RREAESE R
— A REAELE, (B RIEM AL 6= . bl
FAES RGN TBUN Y A [ 338 1) R4
R, BUUnsR K RER ZFEE-FREE R RNAETR
WL, KW AR EN B RESRG T EY 2
P ) A 25 T e S IR 55 U B 4R S AR 4 (Yu et al.,
2010; He etal., 2019),
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