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Research progress on the effects of disturbance on ecosystem multifunctionality

SUN Long, YUE Yang, HU Tongxin "
School of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract: As an inherent atiribute of ecosystem, disturbance has seriously affected the ecosystem balance in some
ecosystems. As a comprehensive index of measuring ecosystem, ecosystem multifunctionality can reflect the overall function
of ecosystem at the same time. With the continuous change of disturbance activities, the impact of disturbance on the
ecosystem has been widely concerned by the community, and the research on the multifunction of disturbance on ecosystem
is also increasing. However, due to the lack of a systematic summary of the impact of disturbance on the multifunctionality of
the ecosystem, this article discusses the current status of the research on the multifunctionality of the ecosystem from four
aspects: conceptual progress, quantitative indicators, measurement methods, and impact factors. Combined with the
research of disturbance on ecosystem versatility, this paper compares and analyzes its research progress, in order to provide
reference for the research of ecosystem versatility in the future. In this paper, the following three perspectives are proposed
for the study of forest ecosystem multifunctionality in the future; (1) strengthen the application research of ecosystem
multifunctionality; (2) strengthen the assessment of the impact of the interaction between ecosystem functions on ecosystem
multifunctionality; and ( 3 ) strengthen the institutional research on the effects of disturbances on ecosystem
multifunctionality. It hopes to provide a reference for further exploration of the research on the influence mechanism of

disturbance on the multifunctionality of the ecosystem, so as to promote the development of this field.

Key Words: ecosystem multifunctionality ; disturbance; quantitative index; measure method; influence factor

EL£WH . BRHARRIEI4S (32071777, 32001324) ; BIRITAE HAREES LT H4F- 0451 550 H (LH2021C012)
s B H#A:2021-04-23; [ £& H hR B #A . 2022-04-07
# WIRAER Corresponding author.E-mail ; hixhtxapple@ sina.com

http ; //www.ecologica.cn



15 e A TN A R G2 DIRETE R R RIS i 6067

B RG 2 IEeNE( ecosystem multifunctionality , EMF) ERAESRGFBAT 2N S RETREMGE S
s RV E S RE S A D RE I T — LR A R bR, R 2 AR S RS D BE 5 45 M 0 A R06R
B B RGEUIRER S RGBS, Horh A S R G B IR A IR WA 7 RO R AR
T ARG R E S REA G T A& —FEEA 8 M, iS4 S R G RRE T IR )
0 HETE T EMF (ORFS 8O A S R R e FE S R G5 ,2018 4f- Manning 450 YF Nature |
2 EMF 1] RAFGY R A0 7 (BT 45, B AR S RS D RE 2 D et R E S R GRS Z Uk 2021 4F
B AE T A R G RE IR 55 R 2, BT AR T AR REZ RS HEMME, EBRGEI AL
PRSI RAATER , Bl 5 B K 28 S RIS BT 5 S0 U B AZ A SN, R I TE R 2R 28 R G AT
AL, THIR N B RGeS, Holting 557 3 i X 2 I g 9847 SCHRAG &R & BR, BT iR 52 16
507 i SCHR FZAE T TAO A B SO ARSI R IERN . 3 S R Aol T2 S BT S AU X
EMF g7 8L SCR R T AR 850 5 3Rl SR £ (49% ) .

THAE R B0 5 S R G EH AR 0 —Fh SR SR o HAR TR TR MR, 3 kK
Bk MEXEE g H AR T, OB B IR TR BN SRS A T4, i PG sh e i 22 [ N R S 1L 7k
WG AW I A T YT S 25 B TEH T ) 58 HE Se ko AR Bl b & 2 | DRt , X T LSt e e Ak B W 5
Z R BEHA MUY L, T IRRERE 2 i . TPl i MU R S5 AL AN RE , U ) BB 5 A5 5 U
BB RGOTAE BN, ZRAGR AR ZS R G R IR ) 2 AR PR T R B i1 AR S R SR
REAS I B RS F il TR T R 800 A 2 Re e R B, FHua S — R B T E R ST+ b
EHF R EHM AR T A TR R IR AW O, Az 2 R GE AR ) 22 R AN D BE BT T8I i ) Rk
Pt AEAS T g

FNHAT R IE, T EMF 09I B 7k FE R R R e R IR B IR PR EMF RWF9EAR 2% R 9 i A% rp it b
IR Z BN S0 5 2R, LA R TR I S B A s 45 A AN R B A8 Ak, AR S 3 A 1) DR i AH OGSk, 5 25 00
EMF B B2 753 5Ema R 2R LR TP EMF #9520 3@k PR FT &0 78 98, 32 10 BT S kg e 22, DA
B4 TR S R T SR AL 4 Sl U A

1 EXFRESPREUEMESHARER

ZREMEXT S R G AR (T RE ) BT FERS M B e v] LB W 213 K SCARHBT . 2004 4F Sanderson % 7E
Crop Science b F IR4E HAEB ARG H LN AR RGNS sl B R E FBOPEAG Y, lAESRE 2687,
2007 4 Hector Fl Bagchi 45" 7 Nature |2 EMF J&4: 38 R G0 2 i 55 sl 2, IR K EMF 3E17 4k
2012 4 Maestre 25 B YO BT R M XA R E B S EMF 2 0] (1956 R 1T P4

T8 32 X6} [ PR B4 22 1ST Web of Science #4731 ( Topic) 4 ecosystem multifunctionality , £ 2% B[] 24 2001—
2020 4EITF 20 A0 SCHERAG R BUIE FEBCE N OB BT KR B SCER Dy 735 F L BIBR IO SCERIG 654 1
( SCHRZERUUAR B article) , FEULFERE [ AR PEXT ISI Web of Science ZHg FEHEAT LA Z A EE S RGN
A 2R (2001—2020 4F | 18] 1) , 331 493 £, Hob #f A 25 R 55 (forest ecosystem,36.8% ) >HFAE R RS
(grassland ecosystem,27.2% ) >4% H /422 2250 (field ecosystem ,22.8% ) , —FH KB T HHj EMF 5 AEA RS
RGP ERE S, TR 10 EMHEIE XTI A S R 4S8 (urban ecosystem, 17.2% ) #HE47 B 5T B 5.3,
AR TAS RGNS 8RN X TR AR RGE R OCTEE B, s T 0F9E A GO EMF &L, H
Hil, 1% EMF RS P58 R a3k 1,

2 AFRESUEMNENER NERTERSMER

2.1 HEBRGZIREIERRALTE bR
E5 01k V2 T O R 2R R ) A 25 RGN RERANR A EMF, SR, th T A R G hE

http ; //www.ecologica.cn



6068 V4SRN

i

ks F B2 HAFEMEAERS FIE Grace 557
VPRIl i b B 5 BR 2 A | Js T 4540 5 A AR X
EMF #4753, EMF & ALd8 05 1 28 IUAL 23 A B i
FEAERS RGBSR T A 28 57, S HRUHE B ) 38 7 56
F A A S R G R A P S e A 2 R G RE 1A [A]
TEtBbr. FIENIIRE B Z | 45 Rl B % 1> EMF 1Y
HYMH, HAETE X EMF B bagtr 2880 T 1L
NREME(C N P JAFR) | RHEE/KR pH H AHYIITR S
(R RER) AW 2R L A RS 1S 7 T
B TS RGNS 5 ANEEm B UM, A e 1T
A BRGNS WEFENT , 15 Je I DR AR 58 BT i BAR A= 285
RGNS TR Jochem 551> FERIFF 1 [ H A AR X S5k
IR W R OCTE AR A 7 (HER) AR ARES B FIAK
AT it BBl FELAE (PR ) LR AR (S0Ak) iIX = FPAE R R
iR %, Jonsson %Y AR A A R GRS R4 K
Ayt e | IR R e LA S5 T R R B )
SRR A 25 2R G 0 e 55 981 35 A AR SCAk S e 55 1Y

Eird 2%
120 -
‘ BB RS 3
i BEHAERRYS
& 10T g s 20
§ | W masEs
S sol W AOLEBRG
3 Bl BFHRESRS 9
ié’ 60 ‘
=
Z
40 |
ES)
B
X 20t

O'—'NMVU’I\OI\OOO\S

~~~~~~~~~~
SO0 OOO
[ NN I ot I oN I oS I X BN B o BN SN I oN I X B o BN o BN

K4y Year of publication

o~ 0N
(=g =]
S OO

E1 MUARRESRFEREAEMXERR ISI Web of Science
Xk R L R (2001—2020)

Fig.1 The search result for various ecosystem types as key words
of references collected in the ISI Web of Science(2001—2020)
SCHRECEE /N T 5% e R EUhR 48

SRR, HETE X R AR 25 R GUIR 55 OB IE T ZAE AR A 7= i — BRI 55 D BE L, 3 T HAAE S R 4

55 DIREF T EA 2

R1 TRESRESHEEHARER

Table 1 Research progress of multifunctionality in different ecosystems

WFFE XI5, 45 E= PN
Study area Conclusion References
BMERRS TR RER IR AR W0 = 6 B2 X 2 DI RE R (R e e A, 2R B0 g A b 3% [15]
Forest ecosystem NS
SMAZ AR 5 Z I ReE S EAR DG, DIRE T E BEXT SR RE S ) LX) 2 [16]
PRSI EALCIDN
e Z 42
KGR A B s 2 S A P B T 0 [17]
ield ecosystem
HRAERRS , N .
SRR 5 22 LT LG B ) R UV A R A 00 (18]
rassland ecosystem
Hb LR A ) 2R RE A A K TR HON AR S R G 2 T iRt [19]
A
ki AR SRS ] .
UL S A S P KT BT T 2 R 30 [20]

Urban ecosystem

Ml SRS

Wetlands ecosystem

SRS

Arid ecosystems

PRI 2 Kb ) 1 T 5 B0 AR I A D) RE DR

1E A BRIGIRLBE T AR A 75 52 T sk 22 D BE 15 K0 (AMF) SRAE A AL S
RG22 DI RENEAE KOG Fh - B B T i 56k

R RGEZ I REVE S YR = B REAT B A 1R 2000

[21]

(1]

[14]

2.2 AEBRGZIRENERINE T

o1 EMF HA—E B2 5, HEATTIERZ (2 400 A § € B AL 05 1%, JF AN R 58 2 18] 4
DATEAT e, BRIt — 2 R ) BE Xt H Tk EMF 59 7 35 5 B R A il s R4 740 BT (32 2) , Hedh fifi i i

Z I I E L B (E

http ; //www.ecologica.cn



15 e A TN A R G2 DIRETE R R RIS i 6069

R2 AETRFEZTIREUNESZE

Table 2 Measurement methods of ecosystem multifunctionality

Method Theory Advantage Disadvantage
IR I RETE IR S A R ) N N
i i 5 TG A 2 R 5 :
- VAT PR gty T OB T B0 EME 0 50 A T LA,

Single-approach 2!

WEE—PF ARk (AR
HHE)

Turnover approa(:h{ 12]

Pl

Averaging approach! %"

LN ER7S
Single

threshold approach[*"]

Z W fEHE
Multiple-
threshold approach!?”)

ESw i SN
Multivariate

model approach!*?]

WHESRGE R EY ZREMEZ
IF] 1) 5 7 126

i fix 7N AIC ( Akaike Information
Criterion ) b5 ffER 2 X AL R A
RESY MR K b 20 A, 38 0ot A A
FERL LW & S R R m Ak
BRGIIREPTA v REAPIFPH 1K

AFEE DT REMIWIE (LT 1, 28
TR TR (AT FR A 3T
HAE AT RER P )

HEENMES RGBT R —H
EM T REBOR RS — AR5, %48
BFRIEZ BE A F X A4S
RGER I BE R K123

MG EZEE R G
BB S 7 ik 2 5 B B AR [
HLZBEEMLST T 0—100% 2 8]
T B, o A B (RT3 T
IR B vl

DL 5 T AR B 03] Sl Sk o
—MERREREY B -4 2%
AFEAE R I HL R A 4 22
FEMES EMF 2 8] 56 202

Y ELIAR IR B (K B A= W) 22 e 1 ot
EMF 502

A LA U X AR AR S R
IREA SR A9 B AR b 2 5, IF D0
LY A A AR LB RS
WIREZ )2 54 22 57

] LA E 2 A LSRG RE

BeREAS ) K, TG ) 1)

REAS S 1t A P4l EME 1414 BT RIS
B, FLHSE R, B TS R

(RIS PFA 22 2 RE 1 Y 22 i 9K 2l [
2, AT RIR N R AL S R S
YIREZ 6] AR X S 2, A I A 2
RGYIREZ I BAR G HE , H J B 1A
HrREFEAT I T Bk 1)

TCEER) EMF #6475 PR #7020 4252
B I REVEFR AR A5 )

ANREXS HGHAT B AL, JC A AR
BIEXT EMF B RS e > 2
W& T T REXT EMF Y 60 %57, B
KRBT AT B 2 OB A W
12, 25)

T T RE D5 T AR R A B R A
AR BRINFT AT 2 E X T EMF #9
TR LB AR [F]

BEA B E RObR e AR, T A AR S R
Ge 0 BE (E 2 B B A9 3 £ T2
et 75 5 52 BI04 1 WA

s

K BT AT I RE R 1R AL A S5, B Ay
B SE A 75 AR G T R B 55 19 T
B, 45 R S B 7 i 9 AN TR

E&,Ejzsv 27]

H i B 42 T 1 2 DI RE i, 1T
IR AT A, Bod B R HE LA fR AR
5 ARMESZ Bz i

Byrnes %5177 F 2014 4R7EXTBUA DR AL M) 2 HEME S EMF 1956 R P42 Y B TR 4R A T 5 4 1 AR AT 2K
(77 12, SR BCRE L T ARSI BT o
23 EERFZIHREMEREIN R

R EREMEDY BRI HbER L Bh Y MY A RO S IR B U A S E A A, DA I DE Y A5 R AR S

MRS KR A 2R RE 2 D) e MR B B g et TR 4R T

S RGIIREMRENE . RS R M A 2R B EMF 74 T I B R B

AR HE S R G RERY

=
5

Fift = T B AT E 2l /Ko FFR 0 a2 B R SO A A T pL ] 221
MRE AR S R G BEARIIRE . AR 22 RS A TR A 285 2R GE T BE 4 52 Wi B B U5 A 22 18] S5 SO 1 4 8 o 48
i Byrnes S5 EX BB WOM KT ) 8 AN REIE AR 35 R GEHEAT A4 250 v R 3, Wb = 5 Bt 12
Yy A S EUE R . A R AN A W R A B PR A A0 R AR Bl R 2 A = A A B 4y
BB T 5 EMF BRR, BBV FEDR A Y 2R S EMF 0GR IR, T 94 B ) et 5% i A= )
ZHAES EMF BICR , (U HRTR T Z RS RS R G UIRE 2 1] 56 R 05 1 2 P e g L,

Xt T HFR AN T AV AR E S R G L IIRER

o

Ml T S SRAR B

A
2

W Gamfeldt %5 i BB 5 1 R PR A 25 R G 2 TG X6 R Aot 9

i A 25 R ST A5 I RE , 2

TV Z VAR R 25 R G RE R A S AR O A2 8 RGN RE M I Th R 456 BT AR,
Wang %51 3l B 57 b BEBUCHOAL BT EMF SR ZREMER DGR 48 EMF S5 2 6 R IEARDG, YA b
A RART 25% M, ZIIREVEAR T, XN A2 A5 R GE T REL D o eSO AR R AN [ (9 A2 S R G S5
DIReS . HIYITIRE 2R R R A S R G EMEF B CHE R 2 — Y T RE 2R I o v e s A )

http ; //www.ecologica.cn



6070 A E = 2%

RIS ARG I TE IR X EMF 7= A TEAR DGR

HERAE R g — DT AR A DL AN T A 14 N A A B B, AR T S AL R A A
U R TE JSUE SR s, R FE BRI O 5N AR S R ST I K o SR AM i A P SR
SHEER R A A SR SR L Ma S5 RS TR R AL BRI S 5 AR 9 R
T YRR I SR, Bell 45143 1 5T 40 PR RE TS XS LR 2 REME RS2 AR ) 0 P8 2R S R R DT I A T 2
GRS, HASIRI & ) 4 1 22 18] 77 A5 ) B[R] 4 FH A2 B 7 1) 2L A BRe e A 25 AR SE T RE /K O Tl Ay B 283
X, He % @A, BEE T IRANE Z LR S R G RERCE L, LA, LIS P xt
EME A5 520 , {51 Qe 051 23 1o 5 0 - 300 % v 10 200 DR A 7 [ S 3 EMFS

BRI 240, LA B sCRE AR AR Y R 2] EMF 7 AE5200  52 NJSIE S, b A2
P AN R E B IR = ) P i AR sl A Al T, SRk S A 25 R G AR S R G REIR AL IR
Lindborg %5 $5 11 | 42 25 2R G0 IR 55 Wit 214 b 0y SRk 23 28 5 5 AR ) A8 AR AT AR ), AR 7T A 52 3 55 0 26 A1 DG 38 %
2 PRI LA B A 3 b b PSR , Allan 45105 E 150 ARl B 05 AR 25 2R 4 P e ) b R O =02
M A Y RS SRR S R G R U AR A A S R MR SS . Xue Y BESEAS AR TR 1 b T 5 =X
Z[R)E 1 M AN R AR R EME BYZ5IE . B RN 1 B SRR AR RN, H i SRR B = | 4 b
R FHRASE A AR , A y FET Hb TET AR T AL by S 7™ £ 0 S5 O S5 J b T AR RS W R AR S R G I 2 gt
Zirbel 3@ id LEEZAFEIFZREMERR | th SO0 MRS 2 D RE ML AL i LT )2 T R 2 R R DU %

3 FHNESTREZ IR

31 AT

SRR R ER A B R G P — A E R RS TG 30, AR AR B8 i BB i A S R G
WA 77 1 (NPP) AW = i Vs S A5 B i AR S R GE T BE, NN K EMFDY ) SR AR IR S fE
WK S RGN Y ERE AYe M a s ED . BRI L HEERRERES T, K
FAG HL X TR A R G THEATRE S

Wi A LS T 5 K R RE R R XUEE ) B B R A BR AR AR A Y T2 B R AR
Ui AT R AR ATCR ARG N, X i b A 25 R G IR 55 T RE R 284t S A P A 1 s A T E R R Y M R
I R AN R T R A ZEHUR: , AR A 6 A VE R AR WA, b i s/ D Al A ) A i RS ]
DAIE 3 SR R VE B S5 A AT RESE W A 78 R G, WO R K A 45 7K 4 1] 8 VR 2 R I8 35 | A A 1K 25
B K A ROK B BEA e ) s R R IE R R R A S R AN AT R G EE
B

KA R B S RGEBIGA N E LW A T, U8 T8 RME S RGN 55, xR
PEFR = T B % kbe)a HHEH S Cu Al Co AMW R B LR M E R S B E TR ARG
Bt S b A BT A AR RN T RE R i e ER A M REE A L ORI AR A S R G SRR IR
RE Lk 7 YIRS AR AL, SRS S R AL A S R RS SR E s T AR R
BRG PR AN KT LS B Y YR 5 R RE A S BN KT A A R G A5 R B
TP 50 TR | K 3 ST R AR B A X 35k, Bt 1sF (] B4 RS, S5 T8 TR 25 1] L SR & 2 vl %
YIERES , — B A KK FER IR

BEAI, Aok BRI A G AR BB 8 X6 A 25 2R G0 i a0 7 33 5 TR A AR AR R B = A B
B, BEHESR W ) 2 BRI EE SN A TR el Ry 2kt . R AN X AR AR 3 MY SRS R AR
R B T4 i T R Y R AR TP AR S R G A U B 250, AR GRS D
PRI, %o A2 25 R G AT HA ST A I o8 oA 8K 3
32 AN T

LA RIE AN ) L i 11 5355 2200 14 25 2R G IR 55 K T g [ (AU AT 56 22 107 T G 1 1 R o s A O A 1 4

http ; //www.ecologica.cn



15 e A TN A R G2 DIRETE R R RIS i 6071

IR B Ml 2 25 R GRS I RE D, DBl R A A R G R DI RE ™ o SRR E OO 36 2 W, 3 P oA
FIF RS R GE M 2 DI RENE , TT LA F% 4008 B RN 3R A1 | 3ok B J0 A = 5 gkl D i 4 0 o 22 A
WA A 0 BER A ) Z MO REAR AR S R GE P BUE IR B R T H A 25 R G A WLB | A o
PR,

Z(N) Rl (P) ERHA S RGP R EEREFRICR , AFKFE NP ILR MBI SR SRS 6E
FEA LR T e A T G A e FE LA T R BRI SR A B N T R A AR R R
BRI, e fE A bR o g A0 SN I B A S 5 Wi AR 08 pH A2l LA K B P R R 1 T 1 Bk B 22
A R S A S DX ) — TURIF 5 R T, PR LB 1 e 1 o 32 B 5 e (R BRI 5 EGR 2
S PEAT LRI 0 ik, 3800 - AT E M

Zhang 555 S WS AKX L IEL TREPE R SE R A G BRI L A 4 ) A R R D T Rk
IBERRE M, s A S R Gk M 48 R EMF, Castioni 55 1 B9 S 4778 B + 38 22 D REVE (9 52 45 1
B3 0 A S B R g B R B A BB D R REAR L AR, YN T REEE I, A b B R T
ok, E AT R AR R TR AL,

B A i e M DX A B 5 e W A 25 R G RSSO (EL Ay T D8 (L 52 R RSB ) AR GG R, AR
THATIME , NN TIERES S, EE A T BT AESRENREE

4 ZiRERZ

RGN EAE T TR RHE At A S IIRE, HETX EMF A9RF5E R H & ST, & R
[l 4h Gamfeldt 255 - 2008 4E X LM ZAEVEXS /K 2E AR B R GBI T8N RN 253, [ P A e 028
T 2016 XA ZREMES EMEF BORFoE3E AN T TR A28, D0 RS ik FE BT X R A W) Z A HE R EMF 19
KR B RG IR L ThRet: sk 224251 G i XA 56 SCRRIEAT 120 0T, R G098 T 4 ) & e B
Ko AHHEEHET EMF BRSNS A 2 8, BT T EMF B0 B D5 k380 52 2% AR TR 2 55 5
FETHE T BT EMEF ARG I B R iR R E , X SEBa 25 5 7= A ) 5 55 A, 5 A o) ROBE K ) 5256 &) 3%
FIHAMSNR R I, Ansg IR E EMF FF5E , S 5 05 LL R LA 5 T

(V) AR RE LRI N T, SR AR RGN RRESREFEE RS
RGBT T RS RGP AW R 58 B R R INEEZ 8 L R AR B = B
TR B, FE TR 25 18] 3 [ P9 ( RRCOH RN 4 i SR A0 B i) | B35 A8 Ab %t 22 D) e 1 1) 52 e 7 1) LU 2B ) 2 Pk
K2 HREIET EMF BIBFSSIRAF ML S A TE 5 AR AR A E XA SR B4 5, A R s
MR RGN AN FZ R EMF EA E X se

(2) s AL A B R G UIREZ Bl A EAE X A R R G 2 DietE 2 it 58 . R X AR R G 0F
it , A AU B — D R AR AR HEWT L A S R G E R, N2 TS RGN AT BE , iB 20 T4 ER R
SLUIRER M AH EAEF , SCPR B IR A S RGN AR 25 A P . R4S DI RE 2 AR [R] , B AR OC 4
FRUOY T IRR R Z R RE 2 A B B R AR 2 R G R T E L B — Th B 25 5 52 BN R K i R
Wi L0 X EMF A PR AN H 25 jE s 2 TR i) 2 A D RE R R GO AF ST b, 38 R BEAY & AT 22 18] A4 A B4R
FHXE EMF BS540

(3) IR TR ARG 2D te s m ALE ST . AN TR — e MR 22t AR R 2 B
M, AR S R g il it — A B LA DI RE IR S5 X AR i N B EMF BEE 5] A LLRRAN S, C A &85
SCHRET X FHEXT EMF B9S2 ML TR R, AR AR IR B0 e R A& > P Bl AR RGN E 4+
PEME DI HE 430 AL S R G AL, T X TP 5 A4S R G0 7 AR i i AT 4 45 A R TR, B AR ELR
Tt EMF BsZma L], &AL m R B, MO AE TP ad 5 e A Je B A B i AR it . IR, BV &5 & T
PR AR RGBS, ok A5 e HE AT 2 AU Re A S R g L,

http ; //www.ecologica.cn



6072 A E = 2%

5% 3Lk ( References) :

[1]
[2]

[3]

[4]
[5]

[10]
[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

XUBH. AT P Z e 5 A B R L TIRENE. dH . WiTIR2:, 2015,

Jing X, Sanders N J, Shi Y, Chu H Y, Classen A T, Zhao K, Chen L T, Shi Y, Jiang Y X, He J S. The links between ecosystem
multifunctionality and above- and belowground biodiversity are mediated by climate. Nature Communications, 2015, 6: 8159.

B, BAMYBR KIS S RS RGRECRMR. K& ALK, 2014,

HEIE, 225, Rk ARG S LSRG WHEEBT. LBIRHA, 2009, 18(4) : 1599-1603.

Manning P, van der Plas I, Soliveres S, Allan E, Maestre F T, Mace G, Whittingham M J, Fischer M. Redefining ecosystem multifunctionality.
Nature Ecology & Evolution, 2018, 2(3) . 427-436.

B, WA AMEZRESESREZ IR Z RS HENCR . MBS RE. MYES R, 2021, 45: 1-18.

Holting L, Beckmann M, Volk M, Cord A F. Multifunctionality assessments-More than assessing multiple ecosystem functions and services? A
quantitative literature review. Ecological Indicators, 2019, 103 226-235.

EITE, B2, TE THEESRENLER. WEHFIL, 2007, 19(1) : 15-18.

Seidl R, Thom D, Kautz M, Martin-Benito D, Peltoniemi M, Vacchiano G, Wild J, Ascoli D, Petr M, Honkaniemi J, Lexer M J, Trotsiuk V,
Mairota P, Svoboda M, Fabrika M, Nagel T A, Reyer C P O. Forest disturbances under climate change. Nature Climate Change, 2017, 7:
395-402.

R, RECH, K&, BUR, Bl T RICRAEME SRS LA AR . 2352420, 2008, 27(12) : 2129-2135.
Villnds A, Norkko J, Hietanen S, Josefson A B, Lukkari K, Norkko A. The role of recurrent disturbances for ecosystem multifunctionality.
Ecology, 2013, 94(10) ; 2275-2287.

Hector A, Bagchi R. Biodiversity and ecosystem multifunctionality. Nature, 2007, 448(7150) : 188-190.

Sanderson M A, Skinner R H, Barker D J, Edwards G R, Tracy B F, Wedin D A. Plant species diversity and management of temperate forage and
grazing land ecosystems. Crop Science, 2004, 44(4) . 1132-1144.

Maestre F T, Quero J L, Gotelli N J, Escudero A, Ochoa V, Delgado-Baquerizo M, Garcia-Gémez M, Bowker M A, Soliveres S, Escolar C,
Garcia-Palacios P, Berdugo M, Valencia E, Gozalo B, Gallardo A, Aguilera L, Arredondo T, Blones J, Boeken B, Bran D, Concei¢do A A,
Cabrera O, Chaieb M, Derak M, Eldridge D J, Espinosa C I, Florentino A, Gaitan J, Gatica M G, Ghiloufi W, Gémez-Gonzdlez S, Gutiérrez J
R, Hernandez R M, Huang X W, Huber-Sannwald E, Jankju M, Miriti M, Monerris J, Mau R L, Morici E, Naseri K, Ospina A, Polo V, Prina
A, Pucheta E, Ramirez-Collantes D A, Romédo R, Tighe M, Torres-Diaz C, Val J, Veiga ] P, Wang D L, Zaady E. Plant species richness and
ecosystem multifunctionality in global drylands. Science, 2012, 335(6065) . 214-218.

BN, 2RO, SRR, XUTHE, BRSO, SRR KARUCEMY R EE S ASRE SRR KR, AW B, 2017, 25(11)
1182-1191.

Mensah S, Salako K V, Assogbadjo A, Glele Kakai R, Sinsin B, Seifert T. Functional trait diversity is a stronger predictor of multifunctionality
than dominance: evidence from an Afromontane forest in South Africa. Ecological Indicators, 2020, 115; 106415.

Zhang G Z, Kou X C, Zhang X K, Bai W, Liang W J. Effect of row spacings on soil nematode communities and ecosystem multifunctionality at an
aggregate scale. Scientific Reports, 2020, 10(1) : 4779.

Wang L, Delgado-Baquerizo M, Wang D L, Isbell F, Liu J, Feng C, Liu J S, Zhong Z W, Zhu H, Yuan X, Chang Q, Liu C. Diversifying
livestock promotes multidiversity and multifunctionality in managed grasslands. Proceedings of the National Academy of Sciences of the United States
of America, 2019, 116(13) : 6187-6192.

Wang X Y, Li F Y, Wang Y N, Liu X M, Cheng ] W, Zhang J Z, Baoyin T, Bardgett R D. High ecosystem multifunctionality under moderate
grazing is associated with high plant but low bacterial diversity in a semi-arid steppe grassland. Plant and Soil, 2020, 448(1/2) ; 265-276.

Kim I, Kwon H, Kim S, Jun B. Identification of landscape multifunctionality along urban-rural gradient of coastal cities in South Korea. Urban
Ecosystems, 2020, 23(5): 1153-1163.

Pendleton M C, Sedgwick S, Kettenring K M, Atwood T B. Ecosystem functioning of great salt lake wetlands. Wetlands, 2020, 40 (6):
2163-21717.

Grace J B, Anderson T M, OUf H, Scheiner S M. On the specification of structural equation models for ecological systems. Ecological Monographs,
2010, 80(1): 67-87.

Bosch M, Jochem D, Weimar H, Dieter M. Physical input-output accounting of the wood and paper flow in Germany. Resources, Conservation and
Recycling, 2015, 94: 99-109.

Jonsson M, Snill T. Ecosystem service multifunctionality of low-productivity forests and implications for conservation and management. Journal of

http ; //www.ecologica.cn



15 INE A TN A A R G D REVE AR iR AT STt 6073

[25]
[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]
[44]

[45]

[46]

[47]

[48]

[49]

[50]

Applied Ecology, 2020, 57(4) : 695-706.

WA, T, DAL, WA B RRSIREEN MBI k. WA, 2016, 24(01) ; 72-84.

Duffy J E, Richardson J P, Canuel E A. Grazer diversity effects on ecosystem functioning in seagrass beds. Ecology Letters, 2003, 6(7) : 637-645.
Bymes J E K, Gamfeldt L, Isbell F, Lefcheck J S, Griffin ] N, Hector A, Cardinale B J, Hooper D U, Dee L E, Duffy J E. Investigating the
relationship between biodiversity and ecosystem multifunctionality; challenges and solutions. Methods in Ecology and Evolution, 2014, 5(2) .
111-124.

Hooper D U, Vitousek P M. Effects of plant composition and diversity on nutrient cycling. Ecological Monographs, 1998, 68(1) . 121-149.
Zirbel C R, Grman E, Bassett T, Brudvig L A. Landscape context explains ecosystem multifunctionality in restored grasslands better than plant
diversity. Ecology, 2019, 100(4) ; €02634.

Gamfeldt L, Hillebrand H, Jonsson P R. Multiple functions increase the importance of biodiversity for overall ecosystem functioning. Ecology,
2008, 89(5): 1223-1231.

Zavaleta E S, Pasari ] R, Hulvey K B, Tilman G D. Sustaining multiple ecosystem functions in grassland communities requires higher biodiversity.
Proceedings of the National Academy of Sciences of the United States of America, 2010, 107(4) . 1443-1446.

Dooley A, Tsbell F, Kirwan L, Connolly J, Finn J A, Brophy C. Testing the effects of diversity on ecosystem multifunctionality using a multivariate
model. Ecology Letters, 2015, 18(11) : 1242-1251.

Kirwan L, Connolly J, Finn J A, Brophy C, Liischer A, Nyfeler D, Sebastia M T. Diversity-interaction modeling: estimating contributions of
species identities and interactions to ecosystem function. Ecology, 2009, 90(8) : 2032-2038.

Mori A S, Lertzman K P, Gustafsson L. Biodiversity and ecosystem services in forest ecosystems: a research agenda for applied forest ecology.
Journal of Applied Ecology, 2017, 51(1): 12-27.

Cardinale B J, Duffy J E, Gonzalez A, Hooper D U, Perrings C, Venail P, Narwani A, Mace G M, Tilman D, Wardle D A, Kinzig A P, Daily G
C, Loreau M, Grace ] B, Larigauderie A, Srivastava D S, Naeem S. Biodiversity loss and its impact on humanity. Nature, 2012, 489(7401) : 59-
67.

Xie HT, Wang G G, Yu M K. Ecosystem multifunctionality is highly related to the shelterbelt structure and plant species diversity in mixed
shelterbelts of eastern China. Global Ecology and Conservation, 2018, 16 €00470.

Jing X, Prager C M, Classen A T, Maestre F T, He J S, Sanders N J. Variation in the methods leads to variation in the interpretation of
biodiversity-ecosystem multifunctionality relationships. Journal of Plant Ecology, 2020, 13(4) . 431-441.

Hillebrand H, Matthiessen B. Biodiversity in a complex world: consolidation and progress in functional biodiversity research. Ecology Letters,
2009, 12(12) . 1405-1419.

FYL, FE, HBEY, (LR, AR EVSRE SSRGS DRI RO, 4], 2022, (01): 1-13.

Yan Y Z, Zhang Q, Buyantuev A, Liu Q F, Niu J M. Plant functional B diversity is an important mediator of effects of aridity on soil
multifunctionality. Science of the Total Environment, 2020, 726 138529.

Gross N, Le Bagousse-Pinguet Y, Liancourt P, Berdugo M, Gotelli N J, Maestre F T. Functional trait diversity maximizes ecosystem
multifunctionality. Nature Ecology & Evolution, 2017, 1(5); 0132.

Mouillot D, Villéger S, Scherer-Lorenzen M, Mason N W H. Functional structure of biological communities predicts ecosystem multifunctionality.
PLoS One, 2011, 6(3): el7476.

WADTF, B2, TR TR AR SR P IOIR L. AR5, 2015, 35(20) : 6584-6591.

Ye J S, Delgado-Baquerizo M, Soliveres S, Maestre F' T. Multifunctionality debt in global drylands linked to past biome and climate. Global Change
Biology, 2019, 25(6) : 2152-2161.

Ma W B, Jiang S J, Assemien F, Qin M S, MaB B, Xie Z, Liu Y J, Feng HY, Du G Z, Ma X J, Le Roux X. Response of microbial functional
groups involved in soil N cycle to N, P and NP fertilization in Tibetan alpine meadows. Soil Biology and Biochemistry, 2016, 101 195-206.
Bell T, Newman J A, Silverman B W, Turner S L, Lilley A K. The contribution of species richness and composition to bacterial services. Nature,
2005, 436(7054) . 1157-1160.

He ] Z, Ge Y, Xu Z H, Chen C R. Linking soil bacterial diversity to ecosystem multifunctionality using backward-elimination boosted trees
analysis. Journal of Soils and Sediments, 2009, 9(6) . 547.

Liu T, Chen X Y, Gong X, Lubbers I M, Jiang Y Y, Feng W, Li X P, Whalen J K, Bonkowski M, Griffiths B'S, Hu F, Liu M Q. Earthworms
coordinate soil biota to improve multiple ecosystem functions. Current Biology, 2019, 29(20) ; 3420-3429.e5.

Lindborg R, Stenseke M, Cousins S A O, Bengtsson J, Berg A, Gustafsson T, Sjodin N E, Eriksson O. Investigating biodiversity trajectories using
scenarios-Lessons from two contrasting agricultural landscapes. Journal of Environmental Management, 2009, 91(2) . 499-508.

Allan E, Manning P, Alt F, Binkenstein J, Blaser S, Bliithgen N, Bshm S, Grassein I, Holzel N, Klaus V H, Kleinebecker T, Morris E K,

http ; //www.ecologica.cn



6074 A E = 2%

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]
[63]

[64]

[65]

[66]

[67]

[68]

[69]

Oelmann Y, Prati D, Renner S C, Rillig M C, Schaefer M, Schloter M, Schmitt B, Schéning I, Schrumpf M, Solly E, Sorkau E, Steckel J,
Steffen-Dewenter 1, Stempfhuber B, Tschapka M, Weiner C N, Weisser W W, Werner M, Westphal C, Wilcke W, Fischer M. Land use
intensification alters ecosystem multifunctionality via loss of biodiversity and changes to functional composition. Ecology Letters, 2015, 18(8) :
834-843.

Xue Y F, Tian J, Quine T A, Powlson D, Xing K X, Yang L. Y, Kuzyakov Y, Dungait J A J. The persistence of bacterial diversity and ecosystem
multifunctionality along a disturbance intensity gradient in karst soil. Science of the Total Environment, 2020, 748 142381.

van der Plas I, Allan E, Fischer M, Alt F, Arndt H, Binkenstein J, Blaser S, Bliithgen N, Boshm S, Holzel N, Klaus V H, Kleinebecker T,
Morris K, Oelmann Y, Prati D, Renner S C, Rillig M C, Schaefer H M, Schloter M, Schmitt B, Schéning I, Schrumpf M, Solly E F, Sorkau E,
Steckel J, Steffan-Dewenter I, Stempfhuber B, Tschapka M, Weiner C N, Weisser W W, Werner M, Westphal C, Wilcke W, Manning P.
Towards the development of general rules describing landscape heterogeneity-multifunctionality relationships. Journal of Applied Ecology, 2019, 56
(1): 168-179.

Schmitz O J, Post E, Burns C E, Johnston K M. Ecosystem responses to global climate change : moving beyond color mapping. BioScience, 2003,
53(12): 1199-1205.

Antiqueira P A P, Petchey O L, Romero G Q. Warming and top predator loss drive ecosystem multifunctionality. Ecology Letters, 2018, 21(1) :
72-82.

Walker T W N, Janssens I A, Weedon J T, Sigurdsson B D, Richter A, Pefiuelas J, Leblans N I W, Bahn M, Bartrons M, De Jonge C,
Fuchslueger L, Gargallo-Garriga A, Gunnarsdéttir G E, Marafion-Jiménez S, Oddsdéttir E S, Ostonen I, Poeplau C, Prommer J, Radujkovi¢ D,
Sardans J, Sigur@sson P, Soong J L, Vicca S, Wallander H, Ilieva-Makulec K, Verbruggen E. A systemic overreaction to years versus decades of
warming in a subarctic grassland ecosystem. Nature Ecology & Evolution, 2020, 4(1): 101-108.

Pan S F, Yang J, Tian H Q, Shi H, Chang J I, Ciais P, Francois L, Frieler K, Fu B J, Hickler T, Ito A, Nishina K, Ostberg S, Reyer C P O,
Schaphoff S, Steinkamp J, Zhao F. Climate extreme versus carbon extreme: responses of terrestrial carbon fluxes to temperature and precipitation.
Journal of Geophysical Research: Biogeosciences, 2020, 125(4) : €2019JG005252.

Frank D, Reichstein M, Bahn M, Thonicke K, Frank D, Mahecha M D, Smith P, van der Velde M, Vicca S, Babst F, Beer C, Buchmann N,
Canadell J G, Ciais P, Cramer W, Ibrom A, Miglietta F, Poulter B, Rammig A, Seneviratne S I, Walz A, Wattenbach M, Zavala M A,
Zscheischler J. Effects of climate extremes on the terrestrial carbon cycle: concepts, processes and potential future impacts. Global Change Biology,
2015, 21(8) : 2861-2880.

Dodd R J, Chadwick D R, Harris I M, Hines A, Hollis D, Economou T, Gwynn-Jones D, Scullion J, Robinson D A, Jones D L. Spatial co-
localisation of extreme weather events: a clear and present danger. Ecology Letters, 2021, 24(1) . 60-72.

AMETE, ST, BRZEF, XI5k, S0, EAOME, A0, R EL RS AR R A S R GURIE IR A h R shEREL
2019, 49(9) . 1321-1334.

Reichstein M, Bahn M, Ciais P, Frank D, Mahecha M D, Seneviratne S 1, Zscheischler J, Beer C, Buchmann N, Frank D C, Papale D,
Rammig A, Smith P, Thonicke K, van der Velde M, Vicca S, Walz A, Wattenbach M. Climate extremes and the carbon cycle. Nature, 2013, 500
(7462) ; 287-295.

Bardgett R D, Caruso T. Soil microbial community responses to climate extremes: resistance, resilience and transitions to alternative states.
Philosophical Transactions of the Royal Society B: Biological Sciences, 2020, 375(1794) . 20190112.

M, RARED, XUAERS, DR R ks K AR S TSR X B A AR R A R AT, 2014, 38(9) : 1008-1018.

Knapp A K, Beier C, Briske D D, Classen A T, Luo Y Q, Reichstein M, Smith M D, Smith S D, Bell J E, Fay P A, Heisler J L, Leavitt S W,
Sherry R, Smith B, Weng E S. Consequences of more extreme precipitation regimes for terrestrial ecosystems. Bioscience, 2008, 58(9) ; 811-821.
Ainsworth T D, Hurd C L, Gates R D, Boyd P W. How do we overcome abrupt degradation of marine ecosystems and meet the challenge of heat
waves and climate extremes? Global Change Biology, 2020, 26(2) . 343-354.

Hu T X, Hu H Q, Li F, Dou X, Sun L. Changes in the non-growing season soil heterotrophic respiration rate are driven by environmental factors
after fire in a cold temperate forest ecosystem. Annals of Forest Science, 2021, 78(2) . 38.

Hu T X, Zhao B Q, Li F, Dou X, Hu H Q, Sun L. Effects of fire on soil respiration and its components in a Dahurian larch ( Larix gmelinii) forest
in northeast China: Implications for forest ecosystem carbon cycling. Geoderma, 2021, 402 115273.

Campos I, Abrantes N, Keizer J J, Vale C, Pereira P. Major and trace elements in soils and ashes of eucalypt and pine forest plantations in
Portugal following a wildfire. Science of the Total Environment, 2016, 572, 1363-1376.

Batllori E, Parisien M A, Krawchuk M A, Moritz M A. Climate change-induced shifts in fire for Mediterranean ecosystems. Global Ecology and
Biogeography, 2013, 22(10) . 1118-1129.

B, H R, B A, SRS, TIRIN, 2N, XUFE. AT P00 AR AR S R SRR RS AT ST R . ARk A, 2020, 56(4)

http ; //www.ecologica.cn



15 #9 e & TP ES ARG Z Rtk pE o ot 6075

[70]

[71]

[72]

[73]

[74]
[75]

[76]

[77]

[78]

[79]

[80]
[81]

[82]

[83]

[84]

[85]
[86]

[87]
[88]

[89]
[90]

[91]

160-169.

Hu T X, Hu H Q, Li F, Zhao B Q, Zhu G Y, Sun L. Long-term effects of post-fire restoration types on nitrogen mineralisation in a Dahurian larch
( Larix gmelinii) forest in boreal China. Science of the Total Environment, 2019, 679, 237-247.

Pérez-Valera E, Verda M, Navarro-Cano J A, Goberna M. Soil microbiome drives the recovery of ecosystem functions after fire. Soil Biology and
Biochemistry, 2020, 149. 107948.

Beal-Neves M, Ely C V, Esteves M W, Blochtein B, Lahm R A, Quadros E L L, Ferreira P M A. The influence of urbanization and fire
disturbance on plant-floral visitor mutualistic networks. Diversity, 2020, 12(4) . 141

Jactel H, Desprez-Loustau M L, Battisti A, Brockerhoff E, Santini A, Stenlid J, Bjérkman C, Branco M, Dehnen-Schmutz K, Douma J C,
Drakulic J, Drizou F, Eschen R, Franco J C, Gossner M M, Green S, Kenis M, Klapwijk M J, Liebhold A M, Orazio C, Prospero S, Robinet C,
Schroeder M, Slippers B, Stoev P, Sun J H, van den Dool R, Wingfield M J, Zalucki M P. Pathologists and entomologists must join forces against
forest pest and pathogen invasions. NeoBiota, 2020, 58 107-127.

FRAE, XGER, LR, AEE. BT EARMAES R AR, A3, 2010, 30(4) : 1081-1088.
VKB, B, R, B2, R, THUR, ”%“fmﬁ% ﬁﬁlﬂfﬁleﬁ"l{ﬁi S ARG S5 AN REAUET O R IR 0. M) AR 254, 2019, 43
(5): 408-417.

TG &, ZEN, BRGEMS, 2500, W, SR, B HCRON B AR MO BRI R R AR S R SR SR R B A4, 2019, 28
(10): 1-11.

Zhang R 'Y, Wang J S, Niu S L. Toward a sustainable grazing management based on biodiversity and ecosystem multifunctionality in drylands.
Current Opinion in Environmental Sustainability, 2021, 48, 36-43.

250, WOk, I AL, 20N, BRERD, SRIOMR. RCBOCE IR R R e A A R S LB AU R E IR, L4, 2016, 25
(11): 25-33.

Huang J Y, Yu HL, LiuJ L, Luo CK, SunZ J, Ma K B, Kang Y M, Du Y X. Phosphorus addition changes belowground biomass and C:N:P
stoichiometry of two desert steppe plants under simulated N deposition. Scientific Reports, 2018, 8.3400.

WbeER, AL, JAeI ) UG 550 5 SRR R R R VR A ) X R BRI N A A SRR, 2014, 38(2) ¢ 159-166.
HVRRT, T&W, R, TIL, BRRE, 20, 0, RAIZE. RSN B A 35 R 50 1% pH Bk & BRI BRRRAGS ME s N AR 25
24, 2020, 31(9) : 2985-2992.

T, EOr, Jrm i, F, SRR, BRRAE, ERER. SR RSB A LA B T 2 43 X A B AN A e . W A A A
2017, 28(2) : 449-455.

Zhang B, Liang A Z, Wei Z B, Ding X L. No-tillage leads to a higher resistance but a lower resilience of soil multifunctionality than ridge tillage in
response to dry-wet disturbances. Soil and Tillage Research, 2019, 195. 104376.

Castioni G A F, Cherubin M R, de Oliveira Bordonal R, Barbosa L. C, Menandro L M S, Carvalho J L N. Straw removal affects soil physical quality
and sugarcane yield in brazil. BioEnergy Research, 2019, 12(4) . 789-800.

TRIER, INBEE, BATT, SRUR. BT MR MR Al X A A R GRS (e A TR s Iz A= 25274), 2019, 39(1) : 97-107.
Hector A, Joshi J, Scherer-Lorenzen M, Schmid B, Spehn E M, Wacker L., Weilenmann M, Bazeley-White E, Beierkuhnlein C, Caldeira M C,
Dimitrakopoulos P G, Finn J A, Huss-danell K, Jumpponen A, Leadley P W, Loreau M, Mulder C P H, NeBhover C, Palmborg C, Read D J,
Siamantziouras A S D, Terry A C, Troumbis A Y. Biodiversity and ecosystem functioning: reconciling the results of experimental and observational
studies. Functional Ecology, 2007, 21(5) : 998-1002.

Gamfeldt L, Hillebrand H. Biodiversity effects on aquatic ecosystem functioning-maturation of a new paradigm. International Review of
Hydrobiology, 2008, 93(4/5) : 550-564.

TRM, SRiE, R, ek SRR SSRGS IR RS RE. Y Z R, 2016, 24(1) : 55-T1.

KR, FUR. ABRELZURETEX B Ny . JE e a5 e B AR AR AR, 2021, 45: 1-15.

Scherer-Lorenzen M, Potvin C, Koricheva J, Schmid B, Hector A, Bornik Z, Reynolds G, Schulze E D. The design of experimental tree
plantations for functional biodiversity research//Scherer-Lorenzen M, Korner C, Schulze E D, eds. Forest Diversity and Function: Temperate and
Boreal Systems. Berlin, Heidelberg: Springer, 2005 347-376.

Meyer S T, Ptacnik R, Hillebrand H, Bessler H, Buchmann N, Ebeling A, Eisenhauer N, Engels C, Fischer M, Halle S, Klein A M, Oelmann
Y, Roscher C, Rottstock T, Scherber C, Scheu S, Schmid B, Schulze E D, Temperton V M, Tscharntke T, Voigt W, Weigelt A, Wilcke W,
Weisser W W. Biodiversity-multifunctionality relationships depend on identity and number of measured functions. Nature Ecology & Evolution,

2018, 2(1) : 44-49.

http ; //www.ecologica.cn



