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Review on impacts of global change on food web structure
WANG Qing-Qing, GAO Yan, and WANG Rong"

Zhejiang Tiantong Forest Ecosystem National Observation and Research Station, School of Ecological and Environmental Sciences, East China Normal Uni-
versity, Shanghai 200241, China

Abstract

The food web sustains its structure mainly by bottom-up and top-down regulations of the species interactions
among different trophic levels. However, global changes can alter interspecific relationships and threaten the
maintenance of biodiversity. It is still unclear how global change alters the structure of the food webs. In recent
years, based on numerous studies on food webs composed of multi-trophic levels at large spatiotemporal scales,
researchers have found that global changes alter food web structure mainly through three mechanisms: phenolog-
ical mismatching, loss of key species and biological invasion. Here we focused on these three mechanisms and
reviewed how these mechanisms regulate food web structure change, with further discussions on the driving fac-
tors in ecology and evolution. All these three mechanisms can alter the interspecific interactions, resulting in dis-
tortion of the regulation of food webs. The major difference among these three mechanisms is how interspecific
interactions are changed. Phenological mismatching occurs due to the asynchronous responses in the phenology of
different species to global changes, while the loss of key species can change or even entirely destroy some critical
feeding/predation relationships, and invasive species often simplify the food web structure by causing strong in-
terspecific competition to exclude species at the same trophic level. Finally, we pointed out that the changes in
food web structure actually depend on the adaptation of species to the ongoing global changes and we further pro-
vided some insights into future research directions. With aggravated global change impacts, it is necessary to fur-
ther study the mechanisms underlying how global changes influence food web structure, to reinforce the extant
theoretical basis for formulating biodiversity conservation and ecological restoration measures.
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stone species; biological invasion
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BYIMRIR AR, iS5 E FRB AT RN
AR ELE S RINES, AR NI P — R B
W2&, T S EABRAN [FVE FRR AR5 P8 &
A B (] B O R UK A — & R A A 5
456 2 (21914, 2008; Wabnitz et al., 2010). &4/
ME& 2 T Charles EltonfE 1927442 i 1) & 5 22
W R J& 1 K ) (Elton, 1958), i i Raymond Linde-
manHIRobert May55 4 &% KA WT K EIL KL T &
S5 (AN FE 16 (Lindeman, 1942; May, 1972; Pimm,
1979), FHAE21HHZAWPKE B 4 M 48 L 5] A B
7% FF (Dunne et al., 2002), @i SRR AR 193 A
FHERR T RGE@MER R, &Yt
AL T AF I EIRHELS, (2 Y B T AE I 204F
bR R . ATk, R A B AH ST
SUR OISR B R, 456 8N 5EMZFE
P, B FUEE B2 R R KT 2R DL N 23 RBE XS
B B A AR E P B 5200 (Wang & Brose, 2018;
Wang et al., 2019c).

H Al 2N &YW 32 EAK S 4T (bottom-up
control) 5 "~ 47 (top-down control) i 2 K 4 £F 3. 45
. EMZ R SES RST6E. Lindeman (1942)

HCE RN 1 REEAE A RS FRY 18 RS AR,

SR T YIS EAT RN 20140604 AX,
Hairston 55 36 [ A2 7% 5% 538 H 1 i i it
(green world hypothesis), 51 £ & % & Hah P Al
TP 47 V842 4E F (Hairston et al., 1960). FAT5
MMTEBERE T AR RS R, PRt
(7)1 FH AT IR i &% 8 7= b B B (R A /N 2
TEAE W) Fh A7 . 4 Fr 2B W) 2 FF PR 10 EE E L
(Terborgh et al., 2001; Ewers & Didham, 2006; Estes
etal., 2011; Wang et al., 2019b, 2020).

7£ N Z&AH: (Anthropocene) H A 2Ri% sl it i 1 4
FEABRAEPUEAAL . A BRI S A B S e —
RAVEERBNI R, CAERERTEE NG R T ™ E
35 J5 B (Tylianakis et al., 2008; Butchart et al.,
2010). i, 7EAERSIRS K ERIE AR 5
N, ARZUFR BRI R AR E KA,
K4 (Gilman et al., 2010); FINHEA F)LErG
PIRMAERREBRAE T HMCILR, FEEHEY)
W E K Bk, FF91 R KBS s Fh R 55 &
P N % (Taubert et al., 2018); 1Hh4h, 4xBRYE FE 45

FHNESN B In FE PR 5 (e KRR R AR,
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BEESCE N HAES RGP RS BV S5
(Simberloff et al., 2013). AT AT LS
HABRY MR R % 7 18.3% (Murphy & Romanuk,
2014).

A RRARAL W] e B PR 45 (Butchart et al.,
2010; Cardinale et al., 2012), thA] fEiHE i 252 b ]
KR, I EYMEER)(Memmott et al., 2004; Bas-
compte, 2009; K 4%, 2013; Ripple et al., 2014) . #&
M, e OC R B SO AT 5 AT RS T 2
BV ENLHIIAE TR R B, ki
A KINZE REEM 2 EFRE TV, X —
] G T — 5 BRI LS = MLE]: )
RESTC . REMERSEMANE . A CHEET 2
BRARAL S ) 25 A0 0K — 8, A28 B =L
G BN BT 5 MTIRER RS E R,
IR E AR AN Z R 5 AR B E R T
[F] o

1 2T URME RIS RIS

1.1 isEEe

B I o BRI B ) A R A (51 a0 AR £ T
TEW 5 A6 K B i BRI RN S5 30, e R )
Fpfe v 5 0 S8 1) S A S5 ) R AR E I TR &
(Gilman et al., 2010). #&1fi, HHTAFYIFPIPGRE
FEXS A BRARA I W R AE R BOR 2 S, 849 R AR &
R BB AHETC, EDYDRASTIC . VI IRESTL 28 1A
[FE FERAP A BAE FBREE, HBHRRIX — KR,
PHAG Re & KSR s R PR3, SEE TR
P E TR KA, AR EDEKES
B E 4P (Gilman et al., 2010; Sydeman et al.,
2015).

H A 3 A R ERAUR AR f2 3 BB R AR R
AR E EIREN A & . ThackerayF(2016)i8 i 25
4531110 003N 55 812F g7 . YR 7K Fil Hi A 1)
K AP M L2035 (R L 204F), RIULT-Fi B Pnfp
{10 B LB R AIE 2B S S5 B 5 B TR HE RS T 2 T, 1
ANRVE FRG AR AT HOWRE A — A, b0 o
MG RFAE K AR BASE AT BB A A, P 381A6.2°K,
AR [R5 MG R AR AR A AR ASE A M S5 T AR A
AW IT AR B T YRR AR A S A 5] 77 20 18]
Fla) 26 R BOAEHE, B A BRVE Rl N AR £ B H
TR SRR A K. MR RR IR PR AT



1o, (AL B HS B 50 S 0 b, S5
A YR V% $EIB (Gilman et al., 2010; Potts et al.,
2010) . “SAFAR A DR B (1) i3 AR ALE L5UCAR A1, L E — ey
AT RGO I 8 R A B A 24T
R R R R A C R S A N i
(Gymnocypris selincuoensis) I 5%, KIIL S
20170 R B 20 LTI SRR A A 0%, 2k
BT T R 104 AT2.9K, X — KA #5104
{BERFIEAS Ak AT g 2 S A K AR ZE 28 R SR
b K AP 5B (Tao et al., 2018).

YIMEESIEA AL TAEB RGN G, ARAS
ARG YRR YMGRRIE AR A B 70 38 KRS F3d Ak
YOG HETIC . 1984-20044F 1], FEAr 2243 A FRIAM S T
MRAEBE 1K PR BT AE B S SR R 2R 2Rk, i
Tl R 52 11 25 B R A2 b T A BRAR R S SUPE BR (I3 K
I ARIE, ANFRMAES RS B R s
A AR R A AR A B S 2R ) SR A S I
K PE BT d S S B0k 5 v B I TE) A DG
(Both et al., 2010).

YIMFRS OB S A N T S50 R G ——75 1
o ) R )R L B B Uk (Melanchra pisi) 2
Hord B4R TE AL (Anemone trullifolia var. lin-
earis) 5 J¥JH J&@ #4%) 5& Wi J2 H (Gentiana formosa)
FRB) T I0IE o I8 RS R E LR R ECA B

117 55 I JIELIEE A RO 4l o s PR 0K 38 g Vg s A T,

NI 36E Go A 7 AR i 4 i e o R, #2303
RN LIS S0, eI AR AL AN 2% AR AR
8 72 BIYRAEIR R TS CRITE L MRt 1
— &, TR A R AR TR R THEAR
B RIS U BRI T 1065, (A ARELE I %
JEEMN N FE 1 30%, M 4 fig e iE A2 A A A i 4y =
LR LN AE AL AR ER, X 56 N e JH 3 R 458
i 0 Y 1004 (Liu et al., 2011) . X 2RI InsaE ) E
TR R PEAK 7 e IR S hE e 77, RIS
6% A% 1z T 0000 ) Ak A T 2 5 SSORE A 3 0 PRV 7 1R
o

A IRAARARAL 1) 53— A BRI BB 2 N
K, XN FEWEEN . DT 58
(Sarracenia)fi#)Sarracenia purpurealt F /K A4E
TAEYIREVE BT FE R, 6 56 B AT 22 0 KRS A [+
TAEYE FRI RN, 45 R R 5 IEH B R 2
PIREVE A EL, Ab T35 — 8 IR I 40 I 5 52 AE S50 4]

FHGHGSE: A ML e Tt g 3

BT B I JE FAaE S R, AL T O R
JR AR AR T AR S A B R VA S A B O IE
B =, S8 a2 FF% SUR FE K (Zander et al.
2017).

FraERAERAL, V2 HA SRR AT
W RENE U3 XIS . T, AR5 AR R A 85
BEY BN KRB NS R B, S BULG RN 5
SO TR A AR A /NS IR SO BRI, T RE 23
WO T 2 T S5 M) A ) G 2R 1R A2 € (Haddad et al.,
2015; Wilson et al., 2016) . ¥ FFIE T 5 A0 T3
PMEES I EE R ZR . 722 TR B Y e R fE A
AT R ] B 5 PR AR A G, A SR
(RIA)IE LA BRI TR PR, X HRAR, HER
A/INBY Y B 3 (1) Tk £ 1 B ER) WA B T 2 AR
—%{(Both et al., 2009; Thackeray et al., 2016). H il
1) ANV FE AN [R] AR W A 3 S S AR AL P IEE LE ML,
AT RE F B il BE AR A 51 R R S W AR A A B A K
T DA R R AL R 7 5 K AT B AR A . (H R,
Vb S g AR AT 52 68 7 /2 A PR, Trisos&s
(2020)AF 7T 1 30 000 it 1thy A1 A5 v 25 4 RE 0% 7K 32 1Y)
T2 A I AR HE A A Tt & K S Bt el T4 3K
SURFFST AR AR AR R A . SR LA S
RGP SRR AR S S TC 1) % A (Hansson
et al., 2013). DA, 7FEH 2 LR 7T LA 75 A
T B R AE AL A SR 20 14 1 A2 4 (1) G o Ay 38 A% A
FIKF) SRR 2 (RSB AR S . B R 2 T
AR SRR HR O/ INEE ) I A B0 AR SR AN R AR S R i
YNGR RS b, H R AR I H
e LAY S5 /N LIRS IR E N RS RIS
ThRe Tk B K B B4 2 14 B B 2 S R E
HE T YA e WS R R, H AT oC T I gk
VMg L R TE D o AROR AT 255 DNASK IS (R 1)
FARRN T R IX LR R I BN S50 533
XA AEAS A ] . o
1.2 XBEMiek

B A RO T A BN RS B A
HEAE R PR, X LW Rh )32 2% BRI 7 A 5K
E IR, BB T BOR B R OK 4
(Zhao et al., 2016) . FBEFlAE B PN AR AR A T 4%
B2 7 R B F R R e R A b,
b, R K B H At AP R 7 [ 42 5 il 1 7 o
(Bl aE)he cEM. 2T H
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Table 1 Explanation of terminology in this review

T AIEMBE Explanation of terminology

AT U A R (01577 460 L 75 7 R 0 T ) R 00 LS T s £ 0 e 4 R (198 /s (Terborgh et al., 2001).

Bottom-up control: The defenses of species at low trophic levels limit the availability of food resource for species at high trophic levels, regulating the popula-
tion size of each species in a food web (Terborgh et al., 2001).

NATIEE: @I S FR AR IS TR A BB ) e I b & R Rh /)N (Terborgh et al., 2001).
Top-down control: Species at high trophic levels control the population size of each species in a food web through preying on or feeding on the species at low
trophic levels (Terborgh et al., 2001).

DNAKTEILHEIAR: DNAZKIEAS 48 5E R4 P e AR A2 Rl i) BAERN A 2988710, S MIDNAR Bt @ISR — A B2 NDNAZK LD v B &
RIS HR 5 AR S HUHEAT G b el BRI R 58 B R4S T (Hebert et all., 2003).

DNA barcoding: The DNA fragments can represent the genomic characters of a species but with sufficient interspecific genetic variations and can be easily
amplified. Rapid and accurate species identification can be achieved by using one to several DNA barcode fragments and comparing the obtained sequence
information with related sequences in gene databases (Hebert et al., 2003).
B R TEFE: E ORI PR AT o i B 8 R SR SR 0 114 R0 [ B 13 2 AN W7 At 8 0 B I i ST B e £ 3 (¥ B8 7, TP R LG L Py BEAL 7R
AR T 45 5538 (You et al, 2013).

Evolutionary arm race: As a result of reciprocal selection, the efficiency of predators in finding and capturing preys and the ability of preys in detecting and
eluding predators are simultaneously and continuously improved. This type of coadaptation in evolutionary history is named as the evolutionary arms race (You
etal., 2013).

P ELAEH . AMIPTE SHEANY Bl FE oh, SELUFE AR A B, AR SR AT RS T A b B SE 4 ER 35, AT S BOLRIIAR (Zou et al,
2007).

Inherent superiority: In reproduction and dispersal processes, many alien species have advantages compared with native species, due to their inherent character-
istics in some aspects like physiology, ecology, genetics, and behavior, consequently resulting in successful invasions (Zou et al., 2007).
NAZ T PIANERE AN SRR )= A B SC R, R e e AR B IR L . B 59/, R4 T HX e fhk [ 2 (Ricciardi & Maclsaac,
2000).

Invasional meltdown: The population establishment, reproduction and dispersal of two or more alien species in the novel environments were facilitated by their

reciprocal mutualism(s), ultimately leading to the co-invasion of these species (Ricciardi & Maclsaac, 2000).

FHEUES R4 K& LRI L % (Butchart et al,
2010; Wardle et al., 2011), /N [A]7E 7745 h ek fh % 2%
X £ ) WX 235 ) 3 e 1) 5 ) 5 4 LRI A7 AR OR 22
o

TR 2L N o] B OB R, Bk T
EAER RG NMT LSRR, JT0H 2 5 R
TGN AT IR R A 77 2 BRI, A 73
A FBOEAS VI AT (B1) - Ripple# (2014) & 3
ALFEIIT-(Panthera leo)-5 7k Ji (Canis lupus)fE I 117
T ORI R B (R0 S & 4 X o F A A A X
RO, YRR L TR & R s 2 R AR
AL 28 R 10045 o T2 A7 £ 35 % B 1 I 225 Ay A e
PITTERB AR LT 2 AE S KRG Rl 2T . @l
PRI R AEAS &R g0 1) TH 2 4R & 5 18 i (Enhydra
lutris) (KA HE, AT LAfEE K i35 (Zostera marina) i
ELPRIKK 5 (Hughes et al., 2013). iX 2 K AR AE %
| BT A SV |, T s A4S
SRR BT I A R TR I
NG B2 18 I e il B R | E R, ok
FERFAEATAT REAE A3 N RO sk K N B sh W 4
i, A A BR P bR 2R 0 SO 4 N T T
P EE PN S, FFRE S RAE R, 20 B
FEATH 417 (Ripple et al., 2014; Wilson et al.,
2016). MtAh, AERAEARL T R PR R AE R,
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KRBT & R YRR, 2 REUM
FEPRHE N % 1) 2 22 [K 3% (Both et al., 2010).

FELCIH B AR O, e A AT RE LA 2 R A
FPEENR, WA E Y. B A SR
H B AR A2 %, W] R PHAS S IR A (1 I e
AN, MHEE R ERIE, e E 2
&Mz sE P (Kadoya et al., 2018). [FRF, 1427 #
KPR AT REUE R M 4% R, FEUEY) A 5%
e, A EOED, RIS NE A (B, 1%
¥ P AR RSY) SRV R 5 — 2R o s
Folt, AT S HE A A ST L R 2 R T AR AR 1)
LIS T X —YPh R EIR O E 2
5475 R GRS Dy RE I 4 FE AL BO™ B B (Potts et
al., 2010). Vi 9 RBEM R G FER AL . AR s
W5 SR AR ST R R 3R A K (Potts et al., 2010;
Ripple et al., 2015).

AP R B SRR, X s IR N
AT %508 (Scherber et al., 2010). JEEEA: 7 1)
e 2K HE NS 1Y S P R AR A PP I TR, 1E K
AR R KA, B 2 BT o 3 R0 TV A £ 35 11
A7, YIS B (EIL) . B RO E
VIR AR BN B . SR, 2R AR
B YRR R] B A B I R GBI ANTE S
HRESRGY, ¥ b5 a R EEE7EED
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BRI S EAZS R G P AT RN I, RO % 55 PRd R N TN s A7 AU I B, B2 S BUBRAS B I 7 35t
BRI e (A R T REPELAS T IR R O IE W RE B 8, M & & M REEORIR, RN SRR L Sg )R, SEAEFH 58
S, VIR A e R B B SR B IR AN AR P I U, KRR R KA, B2 U 9 A
TR B A A7

Fig. 1 Schematic diagram of the impacts of loss of keystone species on food web structure. The black arrows represent trophic rela-
tionships, and the red arrows indicate the strengthened consumption by consumers. Loss of key top predators causes the absence of
top-down regulation, drastically increasing consumer density and feeding intensity on producers and consequently leading to melt-
down of food webs; Local extinction of key consumers may restrict energy flow between trophic levels, detrimentally affecting top
predators with a simultaneous consequence of aggravating inter-specific competition among producers, which can reduce the species
richness of producers; Disappearance of key producers intensifies the feeding on the remnant producers, causing the extinction of
these species and in turn threatening the existence of consumers and top predators.

/0T 100%010 1 35 TOR MESN IR B (T8 2 3 AR )
B T F£42%-47% (Bracken & Low, 2012). [Eit, K

FERISZM S N A . R 2R a1t
HEARDAFAE S HERD, RUSFEIXRE I &I PR A A7

THRE KRB, TRAE T R 2 () B A b,
BE— BB T N T BB R . AT
R 5K AEES RGP o R 2R R R
R AR E 2, MRS RN B IR S)
(Handa et al., 2014), {H2 H Fi/5A B O HE o o
e 2T B ) I 225 KA (1) R

AR S0 BN S5 48] 5 R i i B AT AR

FEATAT B AR Rh o DRI RS 8 R R R )
ZREE R A AR, HLRON TT B R AR I8 AR AT S
2% (Scherber et al., 2010). & M HEIZE 5 26 2 gk
X, HTARMAES R BV SR E R,
Pl RN 3 N T E I RE A . bR Ah, BN 2
TR AR SO H BT AR 7. BHATiAh
AN TRV FR 4 0] 1R ELAE P P mT RE AT A5 3240 4 £ 55 3%
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(1), FIn=Ek g (Pieris rapae) 5 H.18 T AV FE
J¥ (Arabidopsis thaliana) 7f 41 g 2 25 P450 % [K 5
54 I H IR 72 B S50 S AE VIR 185 B 55 D e
(R FEEAL EAFRAE AR O, IXAE— e b
fif R 1V S 5 A A AR L& B 1 77 (Nallu- et
al., 2017). T fEXFREA T SRR S R, BB
T8 7R SRR ER T RATLi) F FI00 38 2 R () 3
RN o

1.3 EYINRHIEN

"= N\ A7 (biological invasion) & — /M4 M J&
7 A PR S BT I ST AR A A
BRG. B2 FevEYERE 1 FE (Simberloff et
al., 2013). AFRIIFPNAZ N — A% 52 FE I 42
BRUEAEE 0], &AM PRIRAEY) 2 R K, BA
B RGIRE, T HA AN A, B AN SR
(Wardle et al., 2011; Simberloff et al., 2013). & [E &
ZHEMNRETHRGER, Bt AR E Nk
NP EILRE29Fh, 3 A T4 %3, HrpARA RS
#; 1 (Bursaphelenchus xylophilus)—F it £ 5% K Fa #k
3373 xhm?, SFRAMRAE S R Geid S8 K 4T o (5
4, 2012) R RN B EE R R
H 25 551 %5 1) [ B B7 5 3 B0 SR AN AR W A 3k 14
FI NS TR A A S RS T 8UE S0 2 Hbl
9 A R W B 2 A T AT 3 2 ML (Hulme, 2009;
Petitpierre et al., 2012). Mok, AFERAAFEE LA FE
RKEVIF) A PR Y 5K, #7507 ARYFIA
12 (K] XU % (Butchart et al., 2010). Zettlemoyer %%
(2019) K BLAN KW Fi A bE T A by Fol B A 5 5 (47
o mT S, TEAE B s N H 25 AR A5, & A
NIZ o VIR RS AL Fh E] 56 FRIE ™ A IS
R, B HEREE EIN, NS 25 AT
KA R Z A% Ak (Wardle et al., 2011; it = 4%
2012).

AR RNAZ PN [ 8 =P A IR 8 1) 5 5
#h, XrTRe T HAEA N EZMHGERLY), TR
R, AT TSRS RE N, MATRER AT T PRk
&M S RO O AR, B IR BRI A A
YO Bh (B ER 52 4%, 2012). BRI N IR &P R
A RNAZ WA 5 VA 5K R R H I TR )
PR B R FEAR m, FEBR A S TR G 5 44 K P
BN 5 1t I FELAS B 7% 5 RE & n) ey TR i 3))
(Ehrenfeld, 2010; Gallardo et al., 2016).
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A7 30 A A NAZ AR B 0 X 485 ) (P R A e
R P2 NRE AN RS A AL R 5
Pl A RN UL RS A A Y (AR 1), 7ERI<F
A A A7) T B PR 4% 1) [ R A o LR R 5K (Traveset
& Richardson, 2014). 1, #bkTJE S FHE Y
Lythrum salicariaffj{t /5 % & iz = T A HAs A Fp 2k,
ERITT B DI 51 B8 22 AR M B O HAR Ky, AdiAR M 2
1V AHUAE YA 7 A 2 22 /0 R B 120% (Goodell
& Parker, 2017). 1 2 G R NAZ AL NAZ HOZR 1S
TNV, TR KR T HAER T T i
4 J& (Traveset & Richardson, 2014). 7£ &k = i %% & HX
BRSO, N Y@ T4 HE R LAY,
JEH BT FECARY E S K4, 5l R
AW B e (Pysek et al., 2012; Gallardo et al.,
2016)(1¥12). 54n, AhKAEY) B ALK % (Spartina al-
terniflora) N2 _F S B ARMEE LS, & A i 3
T4 = B BE B (Scirpus mariqueter) 43 X i Gk 4
N, BB T M ERAE Y S ER A T S R AR RS
BrE, RS e N AR S A B R TR LR
o 4 PR S 280 HOR K IR BT 1 5 1 22 R 1 (R
545, 2012; Tong et al., 2018). fE/KAELS ARG,
KNI AT RE S AR A b 5088 A i B P X &
1, Rk b T dpe e B 7R I .25 22 i (Gallardo
et al., 2016). AR NIZIE R Geth Bl 2 40 KA
PRI IR, Een NAZFA RHEY) 5 H AL AR AR
B (Dickie et al., 2010), fNEIZEZI NIRRT &Y 5
Wi, 38 BN 12 A1 35 (Invasional meltdown)(#1). AT,
NREYI AR 2 A, B0 oo e E it
W%, SR I 2544 (Kardol & Wardle, 2010).

AR A8 6 8 B AR A E B kR A7 7R 4
2 L) RIS RT e R T A 6 e SO T o R
TG R, R AR )R TR AR T R 0T P
PN R B TR A5 A TR SO s I TR A ol
(B12). Sk Whh N2 et ) AR 34 5 75D
EEE, AWMREFHHE Y A4 K (Gallardo et al.,
2016). LAk, HELe NAZH & F @ arEA R AR
(LA RIVE o3, M eSO A M A 9k 20 - 5 4, Ik
AN (Alopex lagopus) A fx Fil B H A i U362 &5 05 J5
KEHEEY, SR SHEPIE TR, MG
BRI TR, N SECYHRE A
{10 e JER A e SRS 20 ) i 7 B AR A A R T A
A% (Croll et al., 2005) . ST =48 fr M A KA B3 1
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Fig. 2 Schematic diagram of the impacts of alien invasive species on food web structure. The black arrows represent trophic rela-
tionships, and the red arrows indicate the increased consumption or the strengthened predation. Invasive predators can exclude native
predators by competition and alter the interspecific competition of consumer due to their feeding preference, impacting the species
composition at lower trophic levels; Invasive consumers exclude native consumers, intensify feeding on some producers and restrict
food resources of top predators, disturbing top-down and bottom-up regulations and changing food web structure; In the absence of
natural enemies, invasive producers exclude native producers and cut off energy flow, leading to massive extinction of consumers and
top predators and meltdown of food webs.

NBRWATREB R A &&= e, Eid M TR
PERF PN E A 0, TEMRRE T R HhX, Bk
AR TH 2 47 £ 3 RN B ) (Canis lupus dingo) B VH
P Grh R 7RI (Vulpes vulpes) %5 12
TS B3 55 P52 -5 /N 2Rty L sh 0 P 2K 0k D (Letnic et
al., 2009).

NIR W T8 5 NAZ 2= B3 nt B4 W 5 0 it
FLRME D, JLITE B PT e 2 185 5 G HE R 8D
TH B VPB4 = F P AR RO R g, T

I EL T 38 73 T8 B 3 ) R DRI, E AR B )
W AT AN AT, SO R AR (E2) . B4,
Gibson 5 (2013) A& I 7E 78 [H 7K g By 5 AR AR b, A
/A LA T A0 R i A B P N AR T e 2K
“i, AN, NIRRT RE S i b R A A SR L
R IR R, AT 5 W A ) 22 B A DL L ) R 4 A
(Ehrenfeld, 2010; Kardol &Wardle, 2010).
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B EEAL, HRE A BANRDFALEXT
ITIERR G, WIFRAFRN G S . 5 kR
NZHE) G Nz &R B A S YR, @it b
A AL TR NAZAE Y B AR 22 B[R, (kT
AEVDRETE IR T KON AR A B S W 5 R
SR T & # 5E E K50, DR S FR 0k
RO B S AT R4 1 7 B (Kardol & Wardle,
2010).

2 VHeFMRERE

FhIAIC R A E R 4EFF BN EAT7 5 T
P ZER, R (R AR I AR 5 A W 2 e B 2
ML (Terborgh, 2015; Wang et al., 2019a, 2019b;
Wang et al., 2020). A\ &35 83BN 2 ERALER T /e
5 BB SRR KL, 0 BEIE T U Rl ] O R AR
TG R, B AR 2 R K W 4 R
(Bascompte, 2009). B _F3CHTIA, AERAZ AL IE A%
BIC SR A RS TR RPN HAE G R, semad)
JREER SN S BV, T ol AR 4 X 4
[ B} A BRAR AL BB I SRR K RE 8 1 RS 77
T &R R R AT E R R, BUEY RS
A BT KA, BT R — 8 % 4 R ) 5% 4
ST BRI A 2 AR, A, NIRRT s 4
HEBR [F)E F= 9 Fh BEIT & W 1 o e s, [
IRV EERIE St . AFEES RGN Bk =+
PEALH R B AT BE -5 S W ELAE AR i R34
PIFE FhAIOE R T — AR DL B N 0 A ik
BEMAE K,

FRTA) G R M AERFAEAE AR BE & AR MBS )
P EI AL, 38R XA DG R o ) G Rk
TS S v/ 1 S v v A O ] o
T P [F)HEAL D6 R AN R (1 AP e R AR 55
N EEEE 5y AR P ) G ZR AR Ak (91 G o T B AR i R AR
. HHERRFIEPIR REARLE), HM-SBEM

45 K G B4R (Futuyma & Agrawal, 2009; Kiers et al.,

2010). #R1f0, B AR FEEOCR YR —RA
LY F (specialist), XA —F RLLH =T
HUR— T KA, RIMAE A BRAR AL T HE 58 B R 1
LR 5z MY (generalist) A HE L A5 ¢ i K 48 K
& (Weiner et al., 2014)(K1, E2). Ib4h, fEE W)
W R B R85 AT — P (R A7AE Foft 7] 5%
R, HATE RS W FR ) BAE ¢ R % DI S HAh
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YAl o¢ REON B TS O, RIJE R ik E 451
(Dalsgaard et al., 2013). H R A IR E 451 I AF1ERE
5 AU FH LR TR ¢ 2280 7= A0 ) 5 & 4 22 AN £
VI, BRI ik i A g YEAT) AL A7 (Neutel et al.,
2007).

SE Z, ERRAR B S8 77 A JE0 P
FRF R RS IE R H 28 I ARSI, TR
-1#1k 51725 (eco-evolutionary dynamics)(Hoffmann &
Sgrg 2011; Zuppinger-Dingley et al., 2014). [F]HF
] 56 25 YN S5 14 52 BRI 2 e R T 32 2
RTYE R BAE R R B RPN 75 52 BB 1
PR (Althoff et al., 2014). XTI, HATERZH S
RGO YA RS S5 R R IE AR,
I BAhidE B AEY) S FE A IR EE BT 5T 1 4
TG B Rk, S JE e mE SN R ETAES
IR 28 o3 AT G H b 3R AW S A A
A H 1 ] (Bardgett & van der Putten, 2014; Traveset
& Richardson, 2014 ), &7 a8 YN 4516 I 4 T
PEAL A BRAR G B AR ;[RS8 S A H 2 ety
(A DRI 7 FRMIE A% 27 43 A 15 B DRI 4 DT 4
PR, B 58 %4 ol S0 S o N A PR AR A 1 256 A
(Olsen et al., 2016; Nallu et al., 2017), 373K 41 -
PRIR-FREE R 7S HHE P, JEIE 2R E N
FA)OC 2 5 B WM S5 R e AR AL, DATIEIN R SR A=
Y2 FEPEAR AL 5 5Tl 2 & BRI A 2 AEvE DR
SRR
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