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Abstract ; Indirect species interactions play a critical role in shaping community structure and the functioning of ecosystems.
Previous empirical and theoretical studies commonly assumed that indirect interactions were caused in general by changes in
population density of interacting species, which is referred to as ‘ density-mediated indirect interactions.” However, there is
growing evidence that changes in traits of the individual intermediate species can also be an important mechanism that
regulates indirect interactions among species, and ecologists term these species interactions °‘ trait-mediated indirect
interactions’, (TMIIs). TMIIs are prevalent in both aquatic and terrestrial systems, and their effects are often as strong as,
or stronger than, those of density-mediated indirect effects. Studies on the characteristics, causes, and consequences of
TMIls are essential to understand the complexity and diversity of multispecies interactions in natural ecosystems fully. In this
paper, we summarize the concept and classification of TMIIs, and suggest that trait plasticity and species specificity are the

two intrinsic mechanisms for the occurrence of TMIIs. We also review the direct evidence for TMIIs in various permutations
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of interaction webs that can have both trophic and non-trophic links, and then highlight the profound effects of TMIls on
regulation of ecological functions and processes in a wide range of ecological systems. Finally, we propose future

developments regarding the effects of TMIIs to provide a reference framework for related research.

Key Words; trait-mediated indirect interactions ;indirect effects ; plasticity ; adaption ;species interactions

RN ) B2 FE R A — RIS I 5 — b (A S ) T X5 = A Wb 7 A i B LA T 1
K AEAEAR R E SRR a] 055 4 A0 B WA AE TR RV E SR FR R, LBV ( cascading effect ) .
R AR PR L T B P30 3 5 5 2 TG , 375 5 3 SRR e | 2 S5 R L S BR B R
SRR O O B 5 S W IS 38T ) 25 A (L A 75 2R 5 0 2 1 TR, 36 2
WIS AR ) TR LA DL T 25 R G T R T R 220
SURTEFTIA Y | 422 FH 2 2 SR Bt 785 A0 710 £ 30 0l R R 2 by % s 7
BT 10 Z8BL Lotka-Volterra o[ 35 2PRE 1) 1 Ho AT/ M TE) T 0ASTY S 74k . [ 9K R GErp—
S LRI X 25 R TR PS5 0 DSR4 X SRR £ 5000 15 75 5 I AT 58 s 0 DA 2 o 5
ST BT BEAE Y L 6 AR MRAEZS R G6 D R RE AR B M AR T RE A Rt | AT TR 380 e T A b s 40
SRATTE ST, BRI I I (U ) 1 — A R 22 (] 1)
ST RE A 0 A P R B M E T | |
SR HRHRETE PR R B AR P56 2 AR 1) Bk i }3
R 2 (TR 2 1] | 36 2% 10 B o 1] AR5 3 |
O D8 M 220 11 8% o 00l 6 S 24 1 D 4 A 1 - i ﬂ{{ \.J
g M| A
|
|
|
|
|
|
!

? EiliNcy

.
FOSS) BB BRSO AN T W AR E] | ZE ﬁ
\

Pt Ao BV AN S 2 1 5 A 4 7 A, (A v - — >
PR 25 e, T 1L SRR 617 e 5500 1 P A | T y TR
SRR AR BB B LT S R %# @#@
AR 0 VAR 10 T PR RCE 1 A 5 — I
SAEAE , HAE A R 245 0 1 25 2R SRSy T ) %

e, T L2526 3ok 2 ISR B AR 0 Bl EREPRERATHREX RN

Fig.1 Comparison between density-mediated and trait-mediated

T A b AR T AT DA 1 AR R A A AR
ZINTIT OB A S 7 R ) SR B T A 5 ] R AR )4 0 B Al
W ia R AR5, RIS BOLAMAS T 77 X S | AT 6] 423080 55 RE ) A 35 AL 2 (181 1)

SR, PRI A2 SC 2R A9 7E F IR 2R G0 138 3 PR A 20 B 245 B A A2 W 50 8 9 20 A MR I 584
I SMBEAEARE A RGPz R (B YRR DG TE 2D . AR SR 2 B AR A MR I Y
TERIRL G R BTSSR PRI TS A& 5 03038, RGBT SC R I R AL SR At . e, A
SORPEIRIA Y 5 R A2 25 R G RE IR Wi LA L SR AT J5 1 45 LU 2R

indirect effects

1 HEREATRSS SRS %

L1 PRRIATEE

TEMIFf ) PR 5 B 5C R b, R < DR 3 2 8 PR BE A8 U e DL ARG o ) — AR 9 T i,
A S5H  DIRE R AEAF X SRAE MR AT R A e R A 7 sl b3 B IR BRI 25 51, B A kT LA
TR IBAR Z PR AURAYSR A 1A, T4 PR A 5 5 #0028 — T8 — 193X 5 Hutchinson £2 B9 -2 42 250077 Y
REEARZEAL . WP A IR AT LA ZUS2 e W) b AR B A FH O D7 ) RIS BE 00, 4l B 0 A 0 £/ P R S R B

http ; //www.ecologica.cn



23 4] RE A AEBRGEET AR AP FR AR RAE N K R 7783

A HIPER B F AR R Sl 8RR | SUBRSE Y AR R B AR R 6 i o B2 B AR SREmS ) o )
TP RH B T S 2 i i MR B k2% | Ta) e mi 31 55 2 SCIR A AR 0 ot | RIVHE Rg PR3 1 1) ) e 4 1

Peacor Fil Werner # 5L Hb B T JE T MR A R EEAE T, 9148 2 SOh « — A0 (SR EE ) PRt )
FOFFAE T AL 11 B )R RAAR 3™ A AR AR A 0 of (SRR ) P A g — S PR DL 25 i BRI Ay o 14
VERR . AMTEARITER & 5 RGP R BRI AT B 1R 1, B &3 vT LIRS 90 1047 R 7 A S o, 4%
PR PRAR AT R AT A SR R MRRIET M LA Y- & H RGNS h B2 G,
BIAEAT R S AR VR — Ay, 6 3 X 0 1 AR OB A T A Bk 0y s o 1) 2 R ] 9ol 1
PEARIE AT ATEIZ R G T AA7E ) . Ohgushi K65 A HOR AR RS B &R e B PR R A 254k
IREIFR J AL 1 # 52 BN MR AE A 1Y 75— ME B E AR5 o A R 5 1% ] e 48 1 2
RAEH GG E — RIVHART= A A5 A 3 B MR I B 3 — 2P % 52 3 = A s

Pyob ] ) PR PR 3R BAT P B R 55— PRI Y O B2 W A e R kA A oh g die i 247 07
BB T — RO E LW I8 (U058 S R B ) A9 07 35—, PR 5 AR R PR AR g
ot RS AR EAE AP Al b, AR A B 7 3 T 1 i B 2 B A T Y 22 AN [, PRI
T RRR I SC R R G R FEIE A A FE A R S b WA MRS LR AU R T A A
PR Z ), LT B )RR SRR 352 A4 Aty B 23T, DRI R ) R 28 PR 2 35 42 5 PRF ) 3 38 A 5 3 [ 4 1)
RIERY . 324 PRI Y BLR Y EFAM I 5E 5 S2 30 A0 2 B, MR I8 19 A TR] A I S IR AT AR R RE
7 BIERRGE M ZAZRBOKT 723X — [l EE 2 R A A5 AR 1 25 A S 1 52 45
1.2 PRIREY P

AR IR BT B RS ARG 4 A LA A R AR A BN LR R S

otk A AR SR R R AR S e . ALT B0 B v 1) Ay ot A7 0 XL 0 R 5 A 7 T
FEAEAUAE (QNTER i £ I, AL 9 B 22 1) I [i) g T ol D R B 6 ) | PROHCHER 247 32 31 B R B SRR RO
FRAYIRAR T — TR IR -0 T A O 2R 100 S e WO 17 1 g B AE S TR K A bt i i A i o Al R
WL FR A R L Eh 50 5 (LI 94 7 A T ATl ) R 0% 8 B S sl DR XA A 7 A R s e
TS & 0, 4027 A= e 1) &)y Hh AT L ol RSECRC 7 = A 400 10 SR B 3 T [ 2 I AR A 7 2 A bR e
T —A5 TR BT AR . Sehmitz 37 (2004) N 7275 FRPRAL H 509% B PER I8 15 37 e B v a] & 57
PP LSRR, AR R AR S e R JE AR B e R A R R SE T Ripple S5 7E 36 [ 1) 2
A1 B PR ( Populus spp. ) TR SE BT D014 0 2 2 B, AR AN Bl v Bl 25 B0, BRJEE ( Cervus elaphus ) X HE 358
(0 ] PG T2 S 2 T4 R G V) 25 P A R 1 SR 0 A X A A 11 2 K LA 1R

AFRERAR AR ERMOIR BB SE Z A ERY L U R R W SRR A RN B AR IR A
FEAE SR D TN S AR 5 SRR OUR A 2 A BRI — 2 Ohgushi H4-H E& AT 8L 1Y
A A BRI AR IR 5 e 7 3 I A 1 i 3 BRI, DA B A K I FIA S B A2
[ AEPENTERRAR . 0 A AME AR KA AR A B A 78 35 A R . TEI R KA 7L sh 4, /N R ol
SRR T AT T LS ek Xk AR A 1 A R ER % i S e HC AU A R H A 7 IR e A R
v A1 N

AR TSR A Y A= IR F e el AR S i an, g 25 8k (Archanara geminipuncta ) %§ P 55
( Phragmites australis) W05 7] LA |2 77 25 A O AMEE A 1< B IP =35 i e i 803 S AUK 2035 i A R T RE S
REME B DUCE S SRR EE . MEE W SEmEY g, Gl s R & 5 T AR
AR, IAME S IR FIAR R 040 i AR i, A RS e I A O S R JRE AR JEE 1 >R 2 ] LG o <55 1)
%(lpomopsis arizonica ) RIAE T ,Mﬂﬁiﬂﬂu%ﬂ%%iﬁﬁﬁ@ﬁﬁ%ﬁﬂiﬂ@ﬁ%“” o TEHARLRIBHIFMAES R
G, BEREI R AR TREAE SR 24 1, S 302 I R M T 72 1 300 A2 405 110 S 43 ) 20 D0 4 £ T 80t s 20
WA DEFEARIE T S WIE SRR AU A AT DL A i e i) A ROV 52 M 400 SR A8 2 28 2 IR R

http ; //www.ecologica.cn



7784 A E = 378

BN AN DT A T R AU AR AR A RS H b, SRR

LA, A B A 25 AR F AT LAk oAl sh W4 i — R 08T i B s 4 B X AR A A 2
FEAY) 1 B X 10 T 0 7 T 3o 5 S A e A A0 45 ) 2 T 52 0 A 400 P PR 2 S T o 4 o 2 e
PERVEVIRETE ™ A GO I e

A SR AR TR SRR TSRS B A 2 HOATEE ROGHE B B B B A AR T R R B A il
38 SR 2 A T S AN TR B B 7 A A e TR R TG TR A Ao, S B PR AR RIOR A R IR AL T A SR B, B SR A X AR
R R G R NG e i B B B SO Ry d 11 D 7 N [ S A S A el PO s X (/Ao e B s ML ML A8 e
LPEADLAF A I oF 2 TSR R A S AR AR AT S R ) B 2 (0 2 AP AR TR O L, R f
SRR EPAOIEEN BN i DARTRA Y ¢ N TR R RE B A=K7/ R

2 W EERE TR R ELH

PrFp A PEAR AT S84 (rait plasticity ) A1) R 4R S 2 DR 17 b 1) 5C 29 i B2 L) s T PHobR 0 155G 3=
BT I, AT XS AR R (8 A0 7 A TR 52

PR TS BA R AR A S R e B A NAENLER N ) RS IR B A A5 e i
SR KB L SRS i 23 S A 56T [T AN ) I BRER 2R R DA AR I AR 19 AR T i i B
PR A S AR T AR B AEAF AT . 3K TR G i 30 A P bR A it v T DA SO A A MR A R A
KB R Z 1], A RG22 i) ), Az A AR T AUt 2 0 R ) B R B 1

PR AT SR AT S AT R AT R R B RIS L (H PR R R R R R RE R I s . — K,
1109 ] B B A RGP O |, A 2 WA IR AR 22 AL AR T X R 2 5T
RP7E IR A B e B4 Ty A O 5 T B AT BB VEAEA - B S R G B R L, R AR AR — Bt
BIPxE B B NFRAS A PG E R 9 A BRI S A 5 T . Denno 55 R B, —Ff it 8. ( Prokelisia dolus ) R £ J 1)
PR HOE SR S BRI, B S SR B R S 0 5 — R R (P, marginata) A= PERE R Denno
N Kaplan RYBIFFE B AE) 10 % 5 AT S8 MEDRZ S0 A B U] () 58 4 DG 2R, 3 R 5 4 495 S0 5 (R AN X e
PESY R TR, s B kK E nJ#8PE. Raimondi % & L, —Fh N Y 1R (Acanthina angelica ) % i %
( Chthamalus anisopoma ) B AL LA | K e A JE 25 D\ 5y TRl 41l B2 0 (B T2 e 28 Ry AN o A 1 1) 25 DR | T
BT 54 25 5 Rulfia sp.) 04V AERL— G5k, 7 T B A1 5 7 9B 3 54
YEH . B0, Hawlena Fl Schmitz A 81— Ff 215 & 02 0L ( Melanoplus femurrubrum ) T X} 45 % ( Pisuarina mira ) i
LT EAT AR (BB A B Sl ) ORI R th & g a7

PrAivRe St AR T C R 19 53— D EHZALH . A E S SR PR ) — T Ay e o A AEAR R 2% 5
I TR B R B R 23 R AN [ () B AR SR | PR 257 A S [R) AR Ak A SEAi ) s R B BT A 24 gk
FIRUM A BB A S0 T B A7 7 I sk 2 15 3 5 A = A A2 B AR R A e 23 ik
IR A 3 BN o BE AR T AME O L SRR A SRR e 0 777 22 5, UM ELVE T R 45 21
SIBIRAN A A A R 5 AR AR A 340, Xof B HOR 638 2 AN A Y, (B i 2T 8 Ay
SR e O R B AR IR g8, AR R, — 2% &Mt B ( Chrysomela confluens, Phyllotreta atra,
Plundulata) EXCRE @RGP R 3% —47 A AR B A SO B ARA 5 — ek A
P8 IR & T o R A S22 A R o (. Cease SEMFFE T R B, 76 P8 58 i 5 5L, 5 B O] IR ) R
B AR HE YN/ N NS ( Oedaleus asiaticus ) FREFEUE B8 &, FE 0 SE 00— 3R B WG s s 80 & o, nl i 5%
REAIZ R s 2B PR, ARE 9T AT A ZE AR U AR BT TR 14 S0 7% 24 143 B SR 13 4 9 B0E 5 ( Leymus
chinensis ) B 37 5 I IN (Z S m 3G, 6k 2 L FRAR) | 13X 6 A i pY 35 2R B 2F B A0 R A 55 IR ( Euchorthippus
unicolor) 7 T ST FE A , AN BRI 1 W6 i A 7= VR, oA ] 1 e e R e Y 85 B2 R s P R T4 A Ao ] A
JH B HUER: T 5 M PR R 194 2 A SR~ 1 M bR ) B A

http ; //www.ecologica.cn



23 4 RE A AEBRGEET AR AP FR AR RHAIE RN K 7785

PAEBR I 0 o 119 5C 2R AT A5 MR PR A 7R 22 A HEA T AN T S 45, DT e 54 A s ) RUBE B B A Ao
AIREAL T = A TR ZIE R - Craig SEOFTE A B, PRK LR O A7 A0 (o i B AL B AR/ N Y HUBE (45 7
G e R b DL A 8 A Y TR 7 B % 5 T 224 S L8 R I 002 A4 06 1407 B g A0 SRV B AR A A TE
5%, AR A e AL AT R P B AR Y L EL R OC T AL A T B2 0GR IS8 3T R DR A 0 14 A i 4
e 2RI AT B I T 7 AR )38 AR AR AN AT AR A O 25 3R G R — AT - I R I e s o) 52 o e LA

PRI | JRUEFIIIL A A5 T4 SR L S SR B0 0 8 % H B 0 20 2 Xt 400

et R R T4 A IS T LSO A7 M A 3 2L ) R 0 TR

3 BREHEEABERNERRE gy wAEe
HIXFOUIRSERIOCR G fTRIBen R Qs X

FEAR A BRI A F T L 1 A 3% @ SO A

SRR RIT R fidr (i st A @ @ O O

YRR AERAS ) PR X 2R 2 R AR I 4 g o ! I =ML

B R RIS, s gttt 2§ X ) 1 e g

B B2 USRI e @, O o N & 21

FBREA SRR BRI AR )73 AR X R (T)) S -0

AT LAA R BN (T 2a, b, c) IR H 55 4 ([
2d) AR TE G (8] 2e) (ARE TR0 =R BAE R (
2f, g, h) ,LIREYFEAELR(E 21, j, k, 1), Ef
S PR HEAR K A AR A B A, L2 Sk 4R 1n] BE i
i 0y 5 Il T IR B HE 4 38 7 1 R 2 T 9 MR O
(FT Sk DA | RS PR R B 28 1 40 b i ] PR 7 A i 7 1Y)
PIFh)

3.1 QAN

SYFEAER R

i
@)
1
0 %P
@<« O O \O/
2 LFERBATHEZEXRZRNEREESZ (fH Wemner and

Peacor 1))

Fig.2 Several kinds of transfer paths of trait-mediated indirect

effects ( Simulated from Werner and Peacor' '°))

TEPEARIA T O ZRAYBESE R, 5 I BRI =2 H i iF
GidZ ARG Ai i) IZ A A OGRS 0
HRAION, — e B 3 A E RGN BT Wl TUZ MR R & R [y, v (B 0l ok B R Z WA, IR AL T o 1] 49
R PR BRI A] BESZ2 2ok | U A n] GE 52 2ok FRRZ WAt 9520 33 st o0 A e 1 8 37 9Bk i R A7 &40 (1#]
2a) 5 EATHON (B 2b) o FEIRON T, 6] AL AEFE D A 4 5 9 e (O 290 R 2 2% i,
AT LASE Nl £ SR B AT, BE TR B 2 (18] 2¢) o Holt 55 & B, Wi 5~ 1A M) BBy 25 1 T, X B 4
AR SR (o, S SO A R AR A, DA TS 1l — > bR 94 1) I SR AR R
3.2 BRI HSE S ALLA T 4

BRI 5 SRR 5a PRy KB 2 ASE IR 3 AW, R IEA A 52 4, MR 9 ) A T Y
25 RARMESN | B85 BAEYI R Re S S BAE Y Rb AL R PR AR PRAROC (1 2d) . TEMEY)-HEEH REEH,
LR X AE A0 10 R B 2 S AL R PR (S0 G 5 5 e BB A 50 ), AR 0o =232k 0 ) LA A £ 7
TR U FER R E R G D A B R B M R T A A AR I B AT X
(Acyrthosiphon pisum ) W82 AL BINAN o i R b (A B 3 2 (i i H et 35 380 b i, 39 n b T il B 2 1)
R WA TS LB LR R iy (RS 28 F M AN RESEA T4 &) AY7K 22 (Anax junius F1 A. longipes ) Hi
PRI, T4l (Rana clamitans ) WORRHBLAVE PRI , S 305 —FK 4 ( Tramea lacerata) BT R TFRE Y . Xf
TR TE 4 rp PR AT C R B A X3 (1] 2e) o {H Harmon 258 & 3R, Bl HL ( Coleomegilla maculata ) B 7]
PSR AT A S AR 2 ST AR B TR 98 b 1% Sl i 200 o, S0 e 7 2 0 B g ] G, 3o i e i il

http ; //www.ecologica.cn



&t
H

7786 2 SO Eire 378

R
3.3 AEEFM =M EAEXR

FEE IR R W FRRIVE T80 52 2Ok B 22 1 O LU 4 8 ARSI, 34 ke 49 1) 1) A SR 1
S ST R . PRI T TE AR — W AT LS IR S — AR R EAR RS e e A T A
B (B 2) s B3O8 AN Z [ T8, M e AT i B (1 2g) o BUARSRE —Fhse et 4 ]
LLKE 55— b5 4 2 9K 3% HJRE Bt DA TAT B SN £ 3 % 5 25 00 47 12 SR/ J 3 % R A T AR L 7R S8 B
AR —MNRMAESRGE D W& KB, #5228 ( Etheostoma caeruleum ) W7 TEFEAR T 1R K ZE BF ( Orconectes
propinguus ) XA KAITCHEHESI D AR &1 L 53 AN & X —Fh A% 0 (0 5 iy | 25 5% 0 2 40 ) R Hofih 35 4
BIIRR Y Z A58 4 0 R A2 —FhAR B IR 4 Y (& 2h)
3.4 ZYREAERR

MR PR S d5e i WL Z MR G AR (1 20) o (AN, st s 1 170 25 B T (o I 0 40 6 £ ) i )
8 AU T /N 0 % £ B % B S 0 K R, 7 A 5 1 ) D s ) e TR 1, AT I D A 5 1 e 2
T RMER BION P PT AR AR SRR AR AR R OGP R OGHGE (] 2j) o A IR A TR R
Yoot H B IR G AR A A T T B R 1 B T A R TR R R R BT B

PPy A 2 S 220 O ZR AR B D, A4 — Ml I B AR (18T 2Ky BARSR I 24l
T T I, P R AN ] HSE 4 e R R A U Sap UM v LU 4l SE 2 i B0, 7E
TG RV W RN GR i 106 59 % PR VD B ( Gerbillus allenbyi F1 G. pyramidum ) 7= Al 20 B, &
5000 s B S AR TS A AT S MR G T AR R T AR S AR K AR R G, K A (Anax
Junius ) FH IR RS 56 [ 428 ( Rana catesbeiana ) BB S E(Rana clamitans) WEHTEA R WIRAEX
A 4 YR B O R M b AN TR A B TE RS AW AP A A [R1HE0C 22 00 I Wy ] 1) 56 FR 2372 15
SN 2 (F 21) o FEYIXIR A 2 AN R SR 5 A B e B £ 1 — 25 S e B I ) () 5 4 D6 R

4 MRETEETRGINGE

Y PR DR B 2 A A o ) 5 2R AT VA 45 F A LAtk | SmT ASE Ao £ 40 I 118 B o 3L 30 R B 00 B 5 A e A 2
RERer= R E B Y i gel, X Rl bR A R U, AU 10% AR Y B R S S R, A
90% MIAE Y H SRR B AL EA TR D REMIRER BE 32 21 B 2h Wy B U8 45, I 18] 422 b 0T AF ) 1 9 ) 45 4 AR 28
ARG Uifere A O B ST BRI AR 2 IR, TR 1w R B A (4 R A D RE R A A U W R
AR RS FIRTY) 7R B R A S A s T TR R R (i ) A R I R A R (B
&) A fb— e FAESREEE Y,

FE PRI 5 () B4 - R DG R AR RS2 T AR R s RO R NSRRI g AR, — A i i i 3 P
DAFRAI R AR 208 (red alga) JE AeME TR DG FR | S T3 O A A MK i R R £ T3 I 1 AP R 213 A
1RHLEIRL AR T B Sh - R 56 Z t n] BE MRS A0 2 RE PR RN AL 2 07 RIS 35 A0 B 7 AR R e 7> 7
Schmitz iff 5% % B A £ 2 WA [ A A A o0 i B 3 0 A7 o 25 P AR AN [R5 ), i3 — 2D AR P T Bt 2
BRGYIRe, F ol B0 Mk e 2] LAREARAE D) ) Fh 2 R0 B2 i i bl 90 A 77 0 FR A Ak 28 5 1 1
TRBY Wik A A S VEFR . e T AR B S b, 24 B S AR S T AR G - e 3h ) (i MR % AR B s |
SN ARG G B, T R e R e FE AR O IF ST SR B, B 05| ( Pheretima aspergillum ) TE4 & 825 H
(Agonum impress ) FEAEMIGOL N B A W] T )2 HIEFE B, RN T )2 R 28 8, 3 58K 43 5 & ] R H
R AR EAE YR FEARE SR AR AR R T ST, B RR IR IR R X 4 SR A 0E IR, KA
ZOREPE AL 72 T B SZ M (P 5Tt PR A el FE B v 3 B %) ¥ HR 42 699 ( Stegastes fasciolatus ) 23 7F H T 40
i P T At A P 2 (NS fa )& Scarus spp. AR R A& Acanthurus spp. ) , #2040 N 7K 38 19 2 FE0E 0
EHEINY | —Fh R A AT 2k R -5 15 B ( Camponotus herculeanus ) , 43 B0k 400 i P ) AN [ (R 50 7 25

http ; //www.ecologica.cn



23 4 RE A AEBRGEET AR AP FR AR R RN K 3 7787

H H ( Onthophagus yubarinus F1 O. tabidus) , {8 HEE 5 2 AR, JE 0 FRAR T 248 3% 20 R ORn - 3 P g 32 1 m]
FUFRVE , e WA T R ) it

5 RE

Wb ) ()R A P SR AL A A e M A 25 R GT R SC RN 32, TN T )4 FH A = A LR A A28 07 5
I ETE TAE SR P e LA T AR EISC R . BERT TSR AW , A2 822 SO TR LA 0 #1122 A
PR SR, I B RN Ah IR A n] SRR S R 0 TR ) 5C 2R B A5 3, AR WA v A S AR 3
ARG AR A B E A

A SRR T B R RO R TH S 2 RS AR SE R R, (Hi A7 7B IR R R BR 12—,
YE A W SE F2 TR M2 MR BT R A BRPAAR , SC THIRIE S (AR T s A5 07 A PEAR 14 i N I B I TS 2
T EROAT S B S AR X A ) 4 RE A A R A IR ] 25 S < R AT D DR Al LR R T A BRI
AR 8y 1O DU AR T A B e AR QAR 22 8 A [ JUJSE PR g AT e e EE R DR X o ] 56 2
BOFE A i TIRAIRYT . 55 = B ROBFSEAR A S PR 9 X bR sh A8 F A= &5 R G R I 2 i), B 2 e TE
PRI 5 XA ATE & BE AV CUnAEAF AR R R AT )

S PRI AT BRI OC R 12 AR AR th Wy R R P SR i T REAE 57t | HSR Tk SR Ak 35 Je
R FER IR T RTEE D T AR PEDR A 35 A 7 S5t A o1 L S TR Ak YRR 1) 5 2% | g DAy i R o ) R
P BOMLH R R E U . A SRR Y A ML, 5 B0 SR R VR R AT IR AR R LU S
MW [ SR AV P R ELSE R AR R U BRSO AR S s ) B SR R A B 2 R I PR
AV BB PRI, RITRRE] DG R T TS 2 R BRAE 3 080 % 4 b S DL 1 R GEad SEA R TE ; R, 4n ey
B AL 252 S 25 T A ] OC R A 5 R LU B OC R M 48 30 SN 2540 W AR O BB, AT 9 I 2 i Big
TR EOC R AL AR TR — DS R . A 2RAT LML ) # B2 B AL R GE N BRI ] & B A 4
T TR R G RIREAGZAT AT LU A e SRR 5 S PR S i B AT A LA &

22 3L HR ( References)

[ 1] Kerfoot W C, Sih A. Predation; Direct and Indirect Impacts on Aquatic Communities. New Hampshire; University Press of New England, 1987.

[ 2] Ohgushi T. Indirect interaction webs;. herbivoresinduced effects through trait change in plants. Annual Review of Ecology, Evolution, and
Systematics, 2005, 36(1) : 81-105:

[ 3] Ohgushi T, Schmitz O, Holt R.D. Trait — Mediated Indirect Interactions: Ecological and Evolutionary Perspectives. Cambridge: Cambridge
University Press, 2012.

[ 4] Pages]F, Farina S, Gera A, Arthur R, Romero J, Alcoverro T. Indirect interactions in seagrasses: fish herbivores increase predation risk to sea
urchins by modifying plant traits. Functional Ecology, 2012, 26(5) : 1015-1023.

[ 5] Schmitz O J. Effects of predator hunting mode on grassland ecosystem function. Science, 2008, 319(5865) ; 952-954.

[ 6 ] Hairston N G, Smith F E, Slobodkin L. B. Community structure, population control, and competition. The American Naturalist, 1960, 94(879) .
421-425.

[ 7] May R; McLean A. Theoretical Ecology: Principles and Applications. 3rd ed. Oxford, UK. Oxford University Press, 2007.

[ 8 ] " Paine R T. Food web complexity and species diversity. The American Naturalist, 1966, 100(910) : 65-75.

[ 9] ~Abrams P A. Implications of dynamically variable traits for identifying, classifying, and measuring direct and indirect effects in ecological
communities. The American Naturalist, 1995, 146(1) . 112-134.

[10] Werner E E, Peacor S D. A review of trait-mediated indirect interactions in ecological communities. Ecology, 2003, 84(5) : 1083-1100.

[11] Oksanen L, Fretwell S D, Arruda J, Niemela P. Exploitation ecosystems in gradients of primary productivity. The American Naturalist, 1981, 118
(2): 240-261.

[12] Tilman D. Constraints and tradeoffs: toward a predictive theory of competition and succession. Oikos, 1990, 58(1) : 3-15.

[13] Beckerman A, Petchey O L, Morin P J. Adaptive foragers and community ecology: linking individuals to communities and ecosystems. Functional

Ecology, 2010, 24(1) . 1-6.

http ; //www.ecologica.cn



7788 A E = 378

[14]

[15]

[16]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Pearson D E. Trait- and density-mediated indirect interactions initiated by an exotic invasive plant autogenic ecosystem engineer. The American
Naturalist, 2010, 176(4) : 394-403.

Bolker B, Holyoak M, Krivan V, Rowe L, Schmitz O. Connecting theoretical and empirical studies of trait-mediated interactions. Ecology, 2003,
84(5) . 1101-1114.

Lima S L. Predators and the breeding bird; behavioral and reproductive flexibility under the risk of predation. Biological Reviews, 2009, 84(3) .
485-513.

Callaway R M, Pennings S C, Richards C L. Phenotypic plasticity and interactions among plants. Ecology, 2003, 84(5) . 1115-1128.

Creel S, Christianson D. Relationships between direct predation and risk effects. Trends in Ecology & Evolution, 2008, 23(4) . 194-201:
Schmitz O J, Krivan V, Ovadia O. Trophic cascades: the primacy of trait-mediated indirect interactions. Ecology Letters, 2004, 7(2): 153-163.
Trussell G C, Ewanchuk P J, Matassa C M. Resource identity modifies the influence of predation risk on ecosystem function. Ecology, 2008, 89
(10) : 2798-2807.

Ohgushi T, Hambick P A. Toward a spatial perspective of plant-based indirect interaction webs: Scaling up trait-mediated indirect interactions.
Perspectives in Plant Ecology, Evolution and Systematics, 2015, 17(6) : 500-509.

Uriarte M, Lasky J R, Boukili V K, Chazdon R L. A trait-mediated, neighbourhood approach to quantify climate impacts on successional dynamics
of tropical rainforests. Functional Ecology, 2016, 30(2) . 157-167.

Burdon F J, Reyes M, Alder A C, Joss A, Ort C, Risiinen K, Jokela J, Eggen R I L, Stamm C. Environmental context and magnitude of
disturbance influence trait-mediated community responses to wastewater in streams. Ecology and Evolution, 2016, 6(12) : 3923-3939.
Buchkowski R W. Top-down consumptive and trait-mediated control do affect soil food. webs: It"s time for a new model. Soil Biology and
Biochemistry, 2016, 102, 29-32.

Gomez ] M, Megias A G. Trait-mediated indirect interactions, density-mediated indirect interactions, and direct interactions between mammalian
and insect herbivores // Ohgushi T, Craig T P, Price P W, eds. Ecological Communities: Plant Mediation in Indirect Interaction Webs.
Cambridge : Cambridge University Press, 2007 104-121.

Golubski A J, Westlund E E, Vandermeer J, Pascual M. Ecological networks over the edge: hypergraph trait-mediated indirect interaction (TMII)
structure. Trends in Ecology & Evolution, 2016, 31(5) . 344-354.

Schmitz O J. Herbivory from individuals to ecosystems. Annual Review of Ecology, Evolution, and Systematics, 2008, 39(1) : 133-152.
Abdala-Roberts L, Pratt J D, Pratt R, Schreck T K, Hanna V, Mooney K A. Multi-trophic consequences of plant genetic variation in sex and
growth. Ecology, 2016, 97(3) . 743-753.

Beckerman A P, Uriarte M, Schmitz O J. Experimental evidence for a behavior-mediated trophic cascade in a terrestrial food chain. Proceedings of
the National Academy of Sciences of the United States of America, 1997, 94(20) . 10735-10738.

Xi X Q, Eisenhauer N, Sun S C. Parasitoid wasps indirectly suppress seed production by stimulating consumption rates of their seed-feeding hosts.
Journal of Animal Ecology, 2015,/84(4) . 1103-1111.

Ripple W J, Beschta R L. Restoring Yellowstone's aspen with wolves. Biological Conservation, 2007, 138(3-4) : 514-519.

Ripple W J, Beschta R L. Trophic cascades in Yellowstone: The first 15 years after wolf reintroduction. Biological Conservation, 2012, 145(1) .
205-213.

Jackrel S L, Wootton J'T. Cascading effects of induced terrestrial plant defences on aquatic and terrestrial ecosystem function. Proceedings of the
Royal Society-of London B: Biological Sciences, 2015, 282(1805) ;: 20142522.

Poelman E H, Kessler A. Keystone herbivores and the evolution of plant defenses. Trends in Plant Science, 2016, 21(6) : 477-485.

Mithofer A, Boland W. Plant defense against herbivores: chemical aspects. Annual Review of Plant Biology, 2012, 63(1) : 431-450.

Price P W. The plant vigor hypothesis and herbivore attack. Oikos, 1991, 62(2) . 244-251.

Zhu H, Wang D L., Wang L., Bai Y G, Fang J, Liu J. The effects of large herbivore grazing on meadow steppe plant and insect diversity. Journal of
Applied Ecology, 2012, 49(5) : 1075-1083.

Zhong Z W, Wang D L, Zhu H, Wang L, Feng C, Wang Z N. Positive interactions between large herbivores and grasshoppers, and their
consequences for grassland plant diversity. Ecology, 2014, 95(4) . 1055-1064.

Stam J M, Kroes A, Li Y H, Gols R, Van Loon J J, Poelman E H, Dicke M. Plant interactions with multiple insect herbivores: from community to
genes. Annual Review of Plant Biology, 2014, 65(1) : 689-713.

Tscharntke T. Insects on common reed ( Phragmites australis) ; community structure and the impact of herbivory on shoot growth. Aquatic Botany,
1999, 64(3-4) . 399-410.

Mopper S, Maschinski J, Cobb N, Whitham T G. A new look at habitat structure: consequences of herbivore-modified plant architecture// Bell S
S, McCoy E D, Mushinsky H R, eds. Habitat Structure: The Physical Arrangement of Objects in Space. Netherlands: Springer, 1991 . 260-280.

http ; //www.ecologica.cn



23 ) RE A AEBRGEET AR AP FR B AR RAE N K 2R 7789

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]
[59]

[60]

[61]
[62]

[63]

[64]

[65]

[66]

[67]
[68]

Miyashita T, Takada M, Shimazaki A. Indirect effects of herbivory by deer reduce abundance and species richness of web spiders. Ecoscience,
2004, 11(1) . 74-79.

Xi X Q, Wu X W, Nylin S, Sun S C. Body size response to warming: time of the season matters in a tephritid fly. Oikos, 2016, 125(3) .
386-394.

Bukovinszky T, Van Veen F J F, Jongema Y, Dicke M. Direct and indirect effects of resource quality on food web structure. Science, 2008, 319
(5864) : 804-807.

Lawton J H, Jones C G. Linking species and ecosystems: organisms as ecosystem engineers// Jones C G, Lawton ] H, eds. Linking Species &
Ecosystems. Boston, MA ; Springer US, 1995 141-150.

Ohgushi T, Craig T P, Price P W. Ecological communities: plant mediation in indirect interaction webs. Cambridge: Cambridge University
Press, 2007.

van Veen F J I, Godfray H C. Consequences of trait changes in host-parasitoid interactions in insect communities // Ohgushi'T, Sehmitz(©, Holt R
D, eds. Trait-Mediated Indirect Interactions; Ecological and Evolutionary Perspectives. Cambridge; Cambridge University, Press, 2013 28-46.
TR, AEY S F S Z AR R 0 . A7, 2003, 24(11) : 2641-2648.

Agrawal A A. Phenotypic plasticity in the interactions and evolution of species. Science, 2001, 294(5541) ; 321-326.

Denno R F, Peterson M A, Gratton C, Cheng J A, Langellotto G A, Huberty A F, Finke D L. Feeding-induced changes in plant quality mediate
interspecific competition between sap-feeding herbivores. Ecology, 2000, 81(7) . 1814-1827.

Denno R F, Kaplan I. Plant-mediated interactions in herbivorous insects: mechanisms, symmetry, and challenging the paradigms of competition
past // Ohgushi T, Craig T P, Price P W, eds. Ecological Communities: Plant Mediation in Indirect Interaction Webs. Cambridge: Cambridge
University Press, 2007 19-50.

Raimondi P T, Forde S E, Delph L F, Lively C M. Processes structuring communities; evidence for trait-mediated indirect effects through induced
polymorphisms. Oikos, 2000, 91(2) . 353-361.

Hawlena D, Schmitz O J. Herbivore physiological response to predation risk and implications for ecosystem nutrient dynamics. Proceedings of the
National Academy of Sciences of the United States of America, 2010 ,107(35) ; 15503-15507.

Palmer T M, Stanton M L, Young T P, Goheen J R, Pringle R M, Karban R. Breakdown of an ant-plant mutualism follows the loss of large
herbivores from an African Savanna. Science, 2008, 319(5860) ;: 192-195.

Martinsen G D, Driebe E M, Whitham T G. Indirect interactions mediated by changing plant chemistry : beaver browsing benefits beetles. Ecology,
1998, 79(1) : 192-200.

Poelman E H, Van Loon J J A, Van Dam N M, Vet L. E, Dicke M. Herbivore-induced plant responses in Brassica oleracea prevail over effects of
constitutive resistance and result in enhanced herbivore attack. Ecological Entomology, 2010, 35(2) ; 240-247.

Cease A J, Elser J J, Ford C F, Hao/S G, Kang L, Harrison J F. Heavy livestock grazing promotes locust outbreaks by lowering plant nitrogen
content. Science, 2012, 335(6067) : 467-469.

Craig T P, Itami J K. Divergence of Eurosta solidaginis in response to host plant variation and natural enemies. Evolution, 2011, 65(3) ; 802-817.
Holt R D, Holdo R M, Van Veen FJ. Theoretical perspectives on trophic cascades: Current trends and future directions // Terborgh J, Estes J A,
eds. Trophic Cascades: Predators, Prey, and the Changing Dynamics of Nature. 2nd ed. Washington DC: Islands Press, 2010 301-318.

Losey J E, Denno R F. Positive predator-predator interactions; enhanced predation rates and synergistic suppression of aphid populations. Ecology,
1998, 79(6)-:. 2143-2152.

Peacor S\D, Werner E E. Trait-mediated indirect interactions in a simple aquatic food web. Ecology, 1997, 78(4) . 1146-1156.

Harmon J P, Ives A R, Losey J E, Olson A C, Rauwald K S. Coleomegilla maculata ( Coleoptera: Coccinellidae) predation on pea aphids
promoted:by proximity to dandelions. Oecologia, 2000, 125(4) ; 543-548.

Zhao G, Wu X W, Griffin ] N, Xi X Q, Sun S C. Territorial ants depress plant growth through cascading non-trophic effects in an alpine meadow.
Oikos, 2014, 123(4) . 481-487.

Xi X Q, Griffin J N, Sun S C. Grasshoppers amensalistically suppress caterpillar performance and enhance plant biomass in an alpine meadow.
Oikos, 2013, 122(7) . 1049-1057.

Stelzer R S, Lamberti G A. Independent and interactive effects of crayfish and darters on a stream benthic community. Journal of the North American
Benthological Society, 1999, 18(4) . 524-532.

Carpenter S R, Kitchell J F, Hodgson J R, Cochran P A, Elser J J, Elser M M, Lodge D M, Kretchmer D, He X, Von Ende C N. Regulation of
lake primary productivity by food web structure. Ecology, 1987, 68(6) . 1863-1876.

Abramsky Z, Rosenweig M L, Subach A. Do gerbils care more about competition or predation? Oikos, 1998, 83(1) . 75-84.

XIGERR, DT MYIIRETRRBT T . s EBY . AR, 2015, 45(4) ¢ 325-339.

http ; //www.ecologica.cn



7790 A E = 378

[69]

[70]
[71]

[72]

[73]

[74]

[75]

[81]
[82]

[83]

[84]

Miner B G, Sultan S E, Morgan S G, Padilla D K, Relyea R A. Ecological consequences of phenotypic plasticity. Trends in Ecology & Evolution,
2005, 20(12) ; 685-692.

Cebrian J. Role of first-order consumers in ecosystem carbon flow. Ecology Letters, 2004, 7(3) : 232-240.

Hunter M D. Insect population dynamics meets ecosystem ecology: effects of herbivory on soil nutrient dynamics. Agricultural and Forest
Entomology, 2001, 3(2) . 77-84.

Liu J, Feng C, Wang D L., Wang L, Wilsey B J, Zhong Z W. Impacts of grazing by different large herbivores in grassland depend on plant species
diversity. Journal of Applied Ecology, 2015, 52(4) : 1053-1062.

Li X F, LiuJ S, Fan J, Ma Y, Ding S, Zhong Z W, Wang D L. Combined effects of nitrogen addition and litter manipulation on nutrient.resorption
of Leymus chinensis in a semi-arid grassland of northern China. Plant Biology, 2015, 17(1): 9-15.

Wardle D A, Bardgett R D, Klironomos J N, Setild H, Van Der Putten W H, Wall D H. Ecological linkages between aboveground and
belowground biota. Science, 2004, 304(5677) : 1629-1633.

Bakker E S, Ritchie M E, OIff H, Milchunas D G, Knops J] M H. Herbivore impact on grassland plant diversity depends-on habitat productivity and
herbivore size. Ecology Letters, 2006, 9(7) . 780-788.

Ritchie M E, Tilman D, Knops ] M H. Herbivore effects on plant and nitrogen dynamics in oak savanna. Ecology, 1998, 79(1) . 165-177.

Olff H, Ritchie M E. Effects of herbivores on grassland plant diversity. Trends in Ecology & Evolution, 1998 13(7)+261-265.

Bardgett R D, Wardle D A. Herbivore-mediated linkages between aboveground and belowground communities. Ecology, 2003, 84(9) . 2258-2268.
Augustine D J, McNaughton S J. Ungulate effects on the functional species composition of plant communities: herbivore selectivity and plant
tolerance. The Journal of Wildlife Management, 1998, 62(4) . 1165-1183.

Augustine D J, McNaughton S J. Regulation of shrub dynamics by native browsing ungulates on east African rangeland. Journal of Applied Ecology,
2004, 41(1): 45-58.

Pastor J, Naiman R J. Selective foraging and ecosystem processes in boreal forests. The American Naturalist, 1992, 139(4) : 690-705.

Enge S, Nylund G M, Pavia H. Native generalist herbivores promote invasion of a chemically defended seaweed via refuge-mediated apparent
competition. Ecology Letters, 2013, 16(4) . 487-492.

Zhao C, Griffin J N, Wu X W, Sun S C. Predatory beetles facilitate plant growth by driving earthworms to lower soil layers. Journal of Animal
Ecology, 2013, 82(4) : 749-758.

Hixon M A, Brostoff W N. Damselfish as keystone species in teverse: intermediate disturbance and diversity of reef algae. Science, 1983, 220

(4596) ; 511-513.

http ; //www.ecologica.cn



