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Abstract; The relationship between biodiversity and ecosystem functioning ( BEF) and the underlying mechanisms have
been a hot issue in ecological research. Whereas many BEF studies have focused on grassland ecosystems, relatively few
have been conducted in forest ecosystems which account for a large proportion of primary production in the terrestrial
ecosystem. Biodiversity-Ecosystem Functioning Experiment China Platform ( BEF-China) contains the most tree species
with the highest level of diversity in subtropical forests. In this review, we first summarized research progress in BEF-

China, and then gave suggestions for future BEF research. The research based on BEF-China mainly focused on the
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impact of biodiversity on multi-ecosystem functioning,

e. g. productivity, nutrient cycling and multi-trophic

interaction. We suggest that future studies in BEF-China should strengthen the application of new techniques such as

high-throughout sequencing and remote sensing, and continue research on multi-dimensions, multi-components, multi-

ecosystem functions, and multi-scales in BEF study. The research progress of BEF-China can help in better

understanding the BEF' relationships in forest ecosystem, and provide a scientific support for biodiversity conservation

and ecological restoration.
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etk 54 B RS U 6E ( biodiversity and ecosystem
functioning, BEF) 5745 SR A ) ¥ Fh Z 4 1
XA A 7= 1A AR #EVEH ( Cardinale et al., 2012)
Vb Z REPEE S W AR S RGN IR RN 2 E SR
PAHEAE AR AR, T2 00 A 25 RGER LR 7 ) e
FEME (Ma et al., 2017) , HTHEMAESRGES W
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5 RIS ST BE TN 7 G b W5 ) ) A ] B HE 5 38
S5 18] ) AH LA PR I ] 224k (S oeF-, 2013)

FRAR BEF BB 50 2 B, A 2000 4R DOk,
TE A BRI R A RSS2 T 29 S FR Ak BEF (95250,
JE ML T 42 3K % bk BEF ©F 58 % 4 ( TreeDivNet,
www. treedivnet.ugent.be ) , ifF 5% X I8 0 55 € 1 4 IR
S BRI e DX B 2 AR KT R R
0~24 Fp RS W K 230 DAl @0 AR
(Paquette et al., 2018) , X L5051 H AR 1T B
IRASAHE ), (E 90 2 i 42 1) AR AS HE ) 4 ) b 2
FEPER AL P Z R S AR B R IRER KR,
TEIXSEZRAR BEF S5 v, MF BT 2R bR AR ) 2 A 1
S5ETRZGYIREL K H M ( Biodiversity-Ecosystem
Functioning Experiment China Platform, BEF-China)
JEE IR B N TR A ) 2 RE PR S5l T
JRAH B9 2R GEVE T 5T, R 50 0 JA A AR ARAR W) L 3
W A S 2 E SRR Y SRR RS R G
Iy R ARG E 1 152 Wi S H N TERL A

1 SEEe A

BEF-China 52 5045 b 4 45 P9 A3 43, RIS F T
U A8 4 T 3 5 L A A N T 9 o) 52 98 b AR YT
TR ZE e Y A S B L (& 1)
1.1 ATI=HI 000 e

AL AR A AR L B, FEHE A T 2009

AR, HEER 105~275 m FEHL B T 2010 4E &,
VAR 105~190 m( &1 2) o T /> E M i) 4 b A
T 42 FIRACHN 18 P A, 42 FEL Bt AL T AR FN 4 o L
Fe R Wi Oy kAT 2R, B RE LYY L
666.67 m*(25.82 m x 25.82 m, 1 §) MEAMIS
FEJT AT Zh B FhRE, 3631 566 ASFETT, FE— A3
ARETH, TR FKF 4350 1.2.4.8,.16,24
Pl EARBECHLAE H 4 A JEA PR T RE Jr 2] A 10 68 %
Fedimh, ZREMEKFE 43 R 0.2 .4 .8 B, FESL 5
FE b 1Y) B3 A BE AR BT RE 7 N AR AE 400 B TT K %)
B, IR 1.29 m, 8K & [RAE 5% 5, 4R A AF
TRARZIA], PN FE AR A A A AR W B B A 30
Jikk (5555, 2013 ; Bruelheide et al., 2014)
1.2 bR SEIE#E it

ZFEHL T 2008 AFEEE, H% 27 130 m x 30 m
/INEERE . FEHBAE 35 5 TR BT BL, MAE R BETE AF
#5739 <20 20 ~40 .40~ 60 .60 ~80 >80 4, M
B-REAENSER KSR T 1 m WAKEDA
148 F S JE T 46 Bl (Bruelheide et al., 2011)

2 F Kl E SE e A AT R

A 2023 4F 3 H, % T BEF-China FH 0%
TG 229 T, NE W R EY) Z R PR 2 M A 28
RYGUBEMI R AL 277 ) SRR 28 3R
FHBEAE KRR SF I (183)

2.1 R TR AR A K FN A 7= S B 2 i

FESE 55 1) B0 B B, 38 2 6 4 i A R R
(Lang et al., 2012; Li et al., 2014; Hahn et al.,
2017b) .7t JZ 45 ¥ (Lang et al., 2012) W K 45 P
(Trogisch et al., 2016) 55 J7 1 KT FE K B, B Fh £
FEPEXS Az 7 7 00 4 5 4 HT DR AR BRAS 2 1 R i B
SR AR I B B W AR S e 2 R A B T
REPEARAN BT AL BR 5T ) 52 0] | B8 A A A FIMAIR 5 &R ]
AR 0 o Z2 A 1 1) 228 A T R 2, 4 o 22 R
e R PR A= K By 52 ma T Sy B 3 (L et al.,
2014 ; Krober et al., 2015;Bongers et al., 2020b) .
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TP Z AR XS A= 7 ) A 1R T SCHAE R BL
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t AN SRS 2K BT Z R K P REVE A8
22 REVE AL Fifs P R] f 4R B 1 4 i, O 3= 22 ek B Ab
BN IR B ( Huang et al., 2018a) . MHIFP 228 19 A
BERAMF 5, Chen 55 (2020) i 1 #5#1 BEF-China -
B B FEHL AR BEHL K 461 5, & B Rk 0 A i
AT B AR 7 AR R O LI 2 5 e i
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T R R LT SR AR R B R AR IR
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TP ZREPERT AR T B SE IR (Ma et al., 2021)
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Hahn, 5 ECM R A a2l | 3 3 2 R Ay i o e
ZFEPEREE T, AM R RP G SR T SRS I R T
PRI 53 T ECM R % ] Y 40 o it AN 3 0 W e
ZIAAFAEAUAE , 3R SEAERAESE T AM A8 i (5
AT ECM A8 Y 55 43 3R IR I 78 A BRobk
43 S HAZ (Deng et al., 2023) .,

SRR 1A ELAE R T REVR A i Z R
BhEE 509 L) b 5978 S, I B 2 HF v B4 b 22 0 1 Y
Bl ey RL 08 J 250y XoF I 1 RE I AR ) B EE
T B I 380 ( Fichtner et al., 2018) . # & Al &
AR 8 i A b 22 R P B 1S g 8 O
— A HE T O W FT R R A2 4 (Forrester et al.
2019; Perles-Garcia et al., 2021) . Pifi & A i) %) 4
B &R JE T ZREPE S BOR MRS & AR 22 4k
AR TR A, UH B S RIEM R, R
il Z2 R A S 1 25 (8] 3 A =R R Sl I 28 1 722 4k
SRR L LI ) FEASAIL ], SR T R 7 I O
N ZE (Kunz et al., 2019)

THHN A Tl 22 A R BE 8 A E T A 7 )
RS E M, N TR I HL TR AR T B Fl Z R P E T
5K SALEE ARG B D RE 22 FE P | DT 32 B
AN ALK A PE TR R E
P iX — L HEHL ] ( Schnabel et al., 2021)

B b 22 A P 2o 5 e ) b KT 1 T RE MR AR
FFER 5 ( Perles-Garcia et al., 2022) ‘M R &R
257 18 WY D) RE IR ( Weinhold et al., 2022) , MM
BEEMB ALK (Liet al., 2017b) . X Fh#Fh
KV By RE A R AR BNHE K KF B I B &2
BB R ZAEME 7 B2 T BEF-China ZE2E 10 41
W 34 K B, BE B ARAR Y AR TR 2 A1
FNTIRE 34 1 0 5% e ik FF 4G 19 58, T RE 22 FE R 1Y

HEAE LI, WD RSB ZE R, X E WA
B B[R] (RS B I v A S 2 AR A AR A X
A 4R T R B Ve R R W 5R RE R 7E N 3R
(Bongers et al., 2021)

FRME A AR A AR LAY, A A 7K S B9 A0 BLAE
FEAEFERR AR BEF W55 h 9k Z20% ok FAS [] B4 4
T B 1 1 15 2 B8 M XF AR 7= 0 /Y 52 g 4 )
Bongers 4% (2020b) X HA7 B L3 A% > 5 A9 B3 A A
IRPEAT T ESE 8 AR B ARG BRI T G EE Ay
PRI AR . &5 58 & B, N ARIK S 1 T g IR
XA R S I AE = 2 AR R T R T R, OF HoxX

SN 58 B A BT R TR o vl 22 S S ST ] T 3 K
i — DR SR B L (R B AR B, 8t 1% 24
PEAEHE TR PR S BEHOIR 431k, 1X 28 10 TE 1
TR IR A BT e S ) 22 5, g T REVE AR
7271 (Bongers et al., 2020a) . WP ZFEPE RIS L L2
FEME AT DL 3 3 A AR 9 D e 2 AR, I & R
U5 RN A S TR ) R A, 0 TG ] AR 0 R
MBEE A 7= 1, PR B 35 A% 22 1 A6 A (] B A% b
ZREE T XA P ) B g AN [R) . R Sl dR T WA &
IRAN NI4T 2 1 2 B IR AR PR T 1 18 LR 2 1
[ SR S e 2 i P R R al o N I U P NS4
e eI O A 5 - B e A IR A i TR
%4777 (Tang et al., 2022)

TEHL R AR 72 ) J5 1, Sun 25 (2017) [IBFSE 3
BH AR 7= 2k Bl 5 B 22 2 1 185 T 34 K, K b
SR8 AR b ] f b A2 285 07 B AMAE R i B, 2
b b A Wy 2 R RN ML Z — . Bu &
(2017) W5 LB, WP ZAEPE B 252 m T 5 A Fh
() FEAR K, 150 B 5 105 40 e R 47 ol R B P s I A
FRMAR Pl Z2 A XA A A A S e A T LEBIL A
2.2 WS MR ERRNEIE
2.2.1 FpRAFER  ARHE 2000 45 11 H F1 2010 4F
6 HXIHEHL A Hr 26 A~ TF AR 1 P H A e 3T,
A 14 A H 5 BT BTG 2 87 % , Hovh H gk
Pl Rl i % R 84% , ¥ M B Fh B 1% 350 93% ., 4T
(AF 15 R 52 B Fl 2 Rk ik 9 4 Pk (9% i el
gk W Rh I BE R | b R A () 0 4R R )
S ( Yang et al., 2013) , Liu ¢ (2022b) 04 T
553 BE 12 AR MU RAE TS B 4R A B, A AR
1) S A 5 5 B 7 B R 22 e 2 1% 38 T 3 s
(LR Tt 22 0 1 X A7 196 23R %) 52 i 7 49 o i) 00 4 o 1]
AR 255, X g 38 22 5 5 W) Rl i Ty BE PR
FYAE B S SR B VAR OC o AR ST B RS Bh A9 47 16
SRR Fh 22 R RIS A [ K A0 15 n in 2
T AR L Y R A B . X R R Z 461 | DhAg
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A. BEF-China ESCSFER M08 0 (ALEURTIVEA SRR UWILA ) 5 B, 32 SCU0 R RN LU SE 80 B b 31 XTI (2t n % T
AERIEE) ; C ESWARMPI RGO E; D, ARSI AL B 27 M T7 20 1

A. Distribution provinces of BEF-China (Red indicates Jiangxi Province, green indicates Zhejiang Province ) ; B. Distribution areas of the main

experiment and Comparative Study Plots ( CSPs) ( Green indicates Dexing Shi, red indicates Kaihua Xian); C. Location of the main
experiment; D. Location of the CSPs area and the distribution of 27 CSPs.
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Fig. 1

PEIR AN S5 A Z 18] B AH B AR AT DLP- A7 2R K
AN TRV ot B A7 376 %

222 BAREEFR RS RIB B, I AFIHE
ENIVEZES 1WA N % NP CR N | 27/ B 78 5|
FEXEARAIER R K, TR AR E
BRI, TEAEYHE - B RO Z R R R
PR TN [ WU BR ( Dryopteris sp.) ] B35
jﬁ%%ﬁ"@?@*%ﬁiﬁ(Yaﬂg et al., 2017), B¢ L%
£ (2023) £ T 2012 4EH 2019 4E(HEARAALE T
BRI, AR EARATE R BN EER,
Hi TP R A S e R L X AR AR I R K TR AR
TEAR ZFEVEXTEAR A TG 2 A IR (BT R Z Y
80 T 38 2 T AT P P b e R v AR A T R
ARIREPEAR 25 5 Mo e ARAF 1% 5, O ELAR Sy B AR 3
SR A THE AR )b ELAT B 1 A 58

Distribution of BEF-China

2.3 R ST RAE Y S BNFE S BRI
T BEF-China AUBF5T 3 B, BEAP 22 R M ik
T RIS 5% (Deng et al., 2023) , 4 W2 38 1
S U V% W 4 i o A2 b 41 43 28 4K ( Ristok et al.
2017) JOAMEE 16 (% A AR AT, 2021) A
A W VR 2 B ST M (Pei et al., 2017) 3K
SCELAY R TE W R 22 R X R TR W A 1 5 )
FEAR KRR BE I B TR & U8 & W) (1) ) Fl 41 1
(Huang et al., 2018b) . 8t ZHEMEXT V& P00 43
fif AT A AR R ) R . o3 il R B S AR 5 R 2
FEVERIE AN K (Li et al., 2017a) , 3K
SR ) D RE R AIE BE A% 3K 3l I8 V& 0 i A AR
W) 43 f# ( Ristok et al., 2019) , B T AW R
IAEFH Z A1, i JE 0 G A=A 4 Al A 4 TRV 2R o X
EYI ol R 2 R EEMVER (Seidelmann
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Tree diversity
[ 1M No tree
[ #fh Monoculture
[ 2 2 specics

[ 47 4 species

I 87 8 species

B 167 16 species
I 247 24 species
[ AH4R i %% Free succession
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HEr |

g8 gl
i b

SEREE 2 ]2 S |

HEARZ RN
Shrub diversity
[ 1JE#f No shrub
[ 15k Monoculture
[712F% 2 specics

I 47 4 species

I 37 8 species

[T B8R %% Free succession

A. BEF-China ESCEHEMTT A SRR BE ; B, ECRMEMEAR SRR S [ 5] ATUH HE R (2011—2014)
A. Tree diversity plots of BEF-China main experiment; B. Shrub diversity plots of BEF-China main experiment. [ from proposal for 2nd of the
DFG Research Unit 891 phase (2011-2014) ]

B 2 BEF-China ¥ Hi&it
Fig. 2 Design of BEF-China main experiment
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Microbial diversity Microbial community and functions

AW\
Herbivory rates
ZEFREN *

% Multi-trophic interactions

Frortan 5k
Nutrient supply, capture and
use efficiency

A5k A

Coarse woody

KRR SO I Ty T
PR DO DN

TEEME IR EIR
AP =" S.il crosion and nutrient
N-org NH4P cycling

MEMRE S TR

B 3 BEF-China WEZHRAR
Fig. 3 Main research content of BEF-China

et al., 2016) . TEASARIMEIT T, 9 B sh W) o0 e # iE
v (JUHIE WU AFAAE ) 2 de FEE M2 R 1 T
WIFNZFEPEAR B I A 520 (Eichenberg et
al., 2017) . W% BE B SE INGE S A0 A I3 e, E
300 3 R A e D ) 25 A S B 3 3 Y
AN DT ] T £ A R Y 5 (W et al.,
2021a,b) .

R Z RV #E T 4 A DLk 78 AN ) 4 1 R
FER AR B V% W g A 2 H B 2 R (Li et
al., 2019) . J34h, T HERK & & BfE B ARZE 72 J1 Al
2R AR B 1 I 3G, O Bl I 9 0k A LG Y
ST A 0 N 6 NEE S A S 7 NI e R G R TN
(INTRARZEARVRN P T My e A LE ) R TIOR8 4%
1 0 - S AE W R W e A T RS e TR
M + 3%k & & ( Beugnon et al., 2023)

WP 22 b M AR 1 AR RO AE B8, JF B
FISF 0 1) 4 B 1717 3 5, R0 W T 1) AR S B AR
T AE Yy Bl 2z 18] B % UE ) A (Lang et al.,
2014) . Liu 5 (2022a) (174 S 9007 58 R HEUE B
Bili 5 A8 o 22 A M A 3G, 2B AR R G AR ) A 3
TEAR KRR BE b AT LA i A% b 22 [] 80 s i) A 285407
HAMRAEFRE

24 MM EFEENSEFRREEERXRZNIIT
R A Ve 2238 37 PO 5 AE G & 52
TEENAEY Ui BRI E T EmERRZ
[1] G 2 A A W e s 4 O T 8 il . R U )
B A 2R PR RE B A B 22 R P B B
TR AR BE T B IR AN, TR RO 22 A A
J5 B HRAE ) (R AR L 1) /)N | AL Ik 4 2 T P
i (Staab et al., 2017), fE XYM H1H, £
T ARIE TS 1 R Z AR B RS ) M B R B Y
AN ( Schuldt et al., 2017c; Yang et al., 2018), iX
BTN RS (Rl SRR RS ) BEr
B ZFE RS LAY (Zhang et al., 2018) . AFh
ZFEMEXT 3 H R R i 4 R 2o R R AR
HAER, I T A -9 A B AR R (Staab et al.,
2015) 055 1ALy kW H R R B/ EH S &
BN 2Z (Bl AH 55 28 (Schuldt et al., 2017b) . #
REZG KRB Z RN ZR R ZHEE e T AR
BRGNS REE AR, WA RS kKB 2
B T EE RS W 2R B RER T Rk
W B ZFEME (Staab et al., 2021), BAT T,
WD AP T B SR W R - B
T R AR 5 1) 435 ) R ) T 2 R P R AR B o Y R R
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Yy Z A AR EAE ] (S HUVE TR E AR D) | AT
BE5R T AR A 2 2R G0 0 R SR A AR Ak i RS E T
(Cao et al., 2018; Fornoff et al., 2019; Schuldt et
al., 2019; Albert et al., 2022)

HT BEF-China £ 8 9058, A LI 45, B
T Z2FE VX 8 B SR PAE DR A B3 Bl By
T Z2 AP X el ] Lt 22 0 M 100 52 Wil A AR R B2
bR AR Y R kR W H R R 2 ok
SRR, FE AU D E TR RS R VR R B A
ZREMEAS AL [ N (Wang et al., 2020) . FH &P
%30 H 4y Ak s B0 BRI H 1 & gk
525 (mean pairwise phylogenetic distance, MPD) £
BERMK, 5EFIREMIR (A L) 2IEAM
KBS GFAHR (- EE) | BL R B 2 A 1
(BLFER R R F 5 B MPD) AL, Wang
S5 (2022) WHoE R W] FE A SRR AE S R ge i, U
PRBE 08 Y 22 MK Sh g RE 8 A ) b (] 4 AH B
YER, 2 25 S M AE B AR TR O ) b L A

TR 7 T, WA TR MR 2 B A o 22 4 4 S
AHEAE G T ) B % 20 B0 2 35 52 ) ( Yang et
al., 2022) . BIARBEMREREYE HIERHUEY ZHE
PEFIVIE V& 2H 0 T 2 PR 2R 8 I R b 2 A M Al
T A W B VR A LY 4[] ( Singavarapu et al.
2022) o FRD AR S G A G A AR W R
SRR T A W i 28 BT BE 22 A T R G I - S AR
YIIF (Beugnon et al., 2021) . FLB# H A [ 248 4544
ZRIFZZREPE | RE VR 2H R DL K A B AL Y R
B4 P A R 25 25 52 5] 1 48 pH (B RN 23 [R] FE 25 1
S (Gan et al., 2022) , MR EEPERG A T
A B R FEARR ZFEPE (Rutten et al., 2021) ,JF
R T M B B B EL (Saadani et al., 2021) X 3
BRI EMREN TR, (e Z R
R AN Y - X By IR R AR, 15 3225 1] E 1Y
BT BE 230800 A 1 A% B DA T 92D D A4 T
TR AR R Ve 52 e A R e s,
FOXF P e Jo b S 2 S A S A B BB A T A
i 3% (Schuldt et al., 2017¢)

Rl Z2 A A 0 A 2 2R 49 T RE 1 52 ) A4 B TE IR
YT 5 M (Salmon et al., 2018; Fichtner et al.,
2020) HMRIE LB M ( Geissler et al., 2012; Goebes et
al., 2015b) &Pt 1+ 3E (21 (Song et al., 2019) F14)
724 (Du et al., 2019) 55751, WFZHEEBELE
—EFE E MR R TR E . MR 2
PR AE T AR T 500 6] di i, O Bt 5 A e 22 R A
LT [TV 11 P S B 1T o= 7 & 3 o W S I R i

M55 A9 (Fichtner et al., 2020) , F-WIMIE 555
I SEg HIT 5E R WY, TEARE 7 K P b S 4R J i b &2
FEPHE T A S22 B Vi 0 ol 22 P X bR et 2 25 R 7 A 38
KIS LI LAk b i i 2 4 R AR &R AR 1Y
/INES ] F e A 520 ( Goebes et al., 2015a) , Bfi#&E 7%
PRI SR B 22 A A 1) 1 P 38 T 38 i, 7 2 FE
e PR T v B v T A S e R P T R B A T
FRAAE S R G AR IA] {2 10k ( Seitz et al., 2016; Song
et al., 2018) , 74k, Ak ALk JATEY x5
A BT it R A ] - AR Dl 7Y B P &R ( Seitz et
al., 2015; Seitz et al., 2016; Song et al., 2019) ,
TR PRV P B A O % 0 1 23 At T T R DR AP Ak
K7 LR KRS AEAE S B (Seitz et al.,
2015) o TEM 7 T, W A 22 R M 0% I8 2 AT LA ik A
AT ARARIY e I ], 3E A 4 728 B be A ) 48 B0
Jeg it s [R] A 52 0] B Sy B RVATT R 2 AR
(0T BT RE 23 IR 42 BR AR BT 5 1R ) g A2 4k
(Du et al., 2019),

3 R EBRAFHA TR

3.1 AEIEE M BRI S R 47 R

P A K B 28 7E 22 1 RIAF BE (R AF A B 35 22
S, AR B ARUS 0 38 I g BRI, (055 b TR 025 JE A
Pl Z2 PR B B TG 0 3 AH G (Chi et al., 2017)
FERRA 57 1D, A9 b 2 PR S A SRRV e 1) R AR,
RIARS b 22 1 v 1) PR o3 B A R ) e i e
T MREE X il £ 1 0 52, 2% 30 Sk S % KA ik i
I TR ARG bR, AR RIS DX R A i —
R, R AR V% 1Y SRR i 1 3G 0 T 6.4% ( Liu et
al., 2018) , fEHA)JZ T , AR Z L JIBEA %
TR L BEE B 52 W, AN 32 B AR 22 B0 M 1 52 i),
RUETE S W B R AR Z YR ) 2 AR 3 R
I (A T 2 19 25 A B B ol 22 R M B AR J2 9
T Z2 A 17 BT R AR AR B, T IR R 2R A 5 i -
A K (Both et al., 2011)
3.2 RNEEE My B % b & A 1 X A TR 4 4 R A SR
VRIEN A

8 75 ) o 1 Bl AR Tl Z2 5 1 1 34 n i 2 K, 2
WM EATE Z R Y, 38R Rl 22 4 1 AT 42
P (AR ARR L ) | T AR XTI V% 4
W, YRR S, R 16 PR
JET PR, 3 — {2 #F T M AE K (Huang et al.,
2017) . Eichenberg %5 (2015) W55 & B, 8 V% ¥ 43
FFAN 2 BE AR U 2B W 2 AR A TR 2 B
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3ok T2 ) 2 M AE XS

ARJITE 0, B4 22 R 1 2 5 ) - 3 ML 1Y
A48, B 2 — 35 VR FH OC &R B AL v AT R
FhZFEPER LA WL C RFAER)Z LR £ A
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R 2o 3 ok R AR AT A Ay (R TR R 2
BRLH A HLRR RN UL A DL ) 52 e A LA 7
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AL MR EA RN, NmFERZ 0+
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JO 2R B 28 ) O TE A B = 6 ML P B VR B
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1AM BRI BRI R IR LA R, %45 R
AN T 5 AR AR P A O 0 AR PR 1 5 PR ok
U522 5 T AL, X TR0 FH A ) — 1 AR e 2 3 5
A LA [ A BA X (Jia et al., 2022)
33AEAEEMBENMEEERNEERTREEN
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Wl R Z R R R Gk B 2 RE R3S I,
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B, w2 o AR Y E R AIC A AR F A 1 E Az
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LR R AR R G P 32 25 e K (Brezzi et al.,
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P (MR ) MRS R T 2K & &
JEEZ A AR MR b B i R 40 G 0 (Schuldt et al.,
2014a)
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2555 4l AR A R VR ELA T A R 2 A
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al., 2014a) , 2+ E M0 W35 2] B BEAY A X 5] BE 1
B R ARG, Bl MRS %) 3G T 3 K (Staab et al.,
2014b)  Jf B 0 AL % By ol 2o e A B AR o 22 A
BB 3G K, Bl R 9 1) BE 2 R M R R 55
B B8 T T AR VAR v X I 4 A 2 A MR B
B 520 ( Staab et al., 2014a) .

Bifi 5 B8 ol 22 A 1 RO 1% %9 2 ) ke S 2D
REMY 25 3G WHIR 1 350 5 B85 R0 4 Ak B Bl o A o
25 PR UMK B9 35 Jin i 38 hn A5 ek ) b 2

4 Bifi 5 AR ol Z2 5 1 1 388 n 17T [ 1K ( Schuldt et al.,
2011) (HIIREZHEPEAS PR RFAEIH E K, X R W
Wl 114 T B8 TC A% B Bt A A% P 22 5 1 1) 348 o i 4 1K
(Schuldt et al., 2013b)., 75 4, ¥ 5§ & Fi 1
(Schuldt et al., 2012) FIJJE 2 5% (Schuldt et al.,
2013a) o J2: 52 M MR FE VR A T 2L IR 2%,
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o7 ey g 1 T ML L Y5 R B W A v R G A R 2
FEME A9 b AT 45 1 800 ok A4 & B9 ( Schuldt et al.,
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SR T R A A R R T R 2 R B G &R R
FEMS WA AE I B0 T, ik S0 0 Z2 B 1k 14 o,
DR e R A D) ok 7 A ) i LA R A T AR AR B
BT W Z2 LA ) D fE R 2 A R VS (Schuldt &
Staab 2015) . BT #4 F 2 BEPE 10 52 i 2 40, A )
RGRB LM MY 2T 2 8RR
PR EEAE WA IRE, MY RS L E 2R
FLE SR VR 0 AT AR e TR R 2 A
B94EFH ( Schuldt et al., 2014b) . WARFZE LB £
FEVEAR IE 2 2 -2 A e A B AR, O HLEL A A 2 4
PERIE N 5875 2 (Staab et al., 2016) . YT 6E
PR 2R P R A R H A b 2 B N R T BE R 22
DIREER S K, Z B R R 2 R 2 )
RELKZ) A 2R 19 G 8 (Schuldt et al., 2018) o BR T 4E
Y ZREVERY R 2 A1 PR VR R 25 200, B
AR X A /N ) A BE L VR T Bh ) BE R G ) A
Z R AT TR R A B VE D (H S o e 12
HUTE IR AT R R RS R Y BB RRE
( Binkenstein et al., 2018) .

TERAE W) )7 1, Gao %5 (2015) F) ] 454 7538
el A s B NP Ot N a7 S gy N RS P N
PR ELTE B 95 64T TR, R A0 A TR AR L T
7 H 393 4~ OTUs 41, SR8 F 21 MR EH
ISR, b 3 A AR FLR S R A 11 AN
PRI ELTE OTUs ZEN AR | ity A 22 8 phorh 22 30
o1 R R i P L A R R RN LR VR 2 (R A A
S ZE A G o W 3R RO 40 B T 2 AR 4
HEHZREE MBS A EZ IR F (Wu et
al., 2012) , Gao %5 (2013) WF 5% & B, 76 )& /K F
b, SR FRARR Bh 2R R LA AR AR ELH 2
FEVER B E 25 N R AR M A L T
A A TR AR L TR AR 1 B 25 R X S Ay R B 4 1Y)
SZUA (Shi et al., 2017), Y34k, Wu 48 (2013) &
AR A LR 3 pH A 2 R ) L
AN EERE,
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et al., 2022) I & ¥ 2 ¥ 1515 Z £ ( Wang et
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S R W A AT 0 35 A P T R 3 AL IR Y
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e I R 119 e Je B X 3t A% 22 A AL

AR TR T R A S R A R R B, BEE DU )T
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R
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