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Indirect plant-mediated effects can regulate the population dynamics of herbivorous insects
Tim Craig, Center for Ecological Research, JSPS Research Fellow; and University of Minnesota Duluth

Herbivorous insect feeding alters plant traits in numerous ways that can affect the population density
of subsequent generations of herbivores on a specific host plant. Both positive and negative feedback loops may
be set up in which herbivory alters resources in such away that it increases or decreases densities of subsequent
herbivore generations. The galls formed by the sawfly Euura lasiolepis on the willow Salix lasiolepis initiates a
positive feedback loap: damage by galls induced the production of rapidly-growing juvenile shoots in sulbsequent
years that are the preferred resource for the sawfly. The lacebug Corythuca marmorata was introduced to Japan
in 2004 and it feeds on the goldenrod, Solidago altissima, which was introduced to Japan about 100 yearsago. In
Shiga, Japan it has multiple overlapping generations, and feeding produces a negative feedback loop where high
lacebug densities in one generation inhibit attack in later generations. Heavy feeding by lacebug nymphs has
complex impacts on plant traits: it decreases leaf nitrogen and water content, increases leaf carbon, causes the
yellowing of leaves and it can increase or decrease the production of new leaves depending on the extent of
lacebug damage. If given a choice females show preference for ovipositing on tall plants with low levels of
previous lacebug damage, and in no-choice test did not oviposit on plants with heavy feeding damage. Females
oviposit and nymphs feed on the lowest, previously undamaged leaves, on a plant and move upwards as they
feed. Females oviposit on undamaged green leaves above where nymphs feed, and so they do not directly
interact with the previous generation indicating that they are responding to plant traits. Oviposition preferences are
altered continuously in response to previous densities on the plant so that indirect-plant-mediated effects determine
the population density and distribution of lacebugs among plants.



D OB £ IR MO : DT SRR I
AEAOHAE
P BT GRS 5 —)

AAKEE, BHEIZL XTI MK E BT A XL RWFHmEfh, SESE R
MOATEROFE 3% 2 TND, TOEN - 78N, fERMER RoOEREEERE
(R U TRERREE 5.2 5, WWEIROEN /2R E 7= 5T ERO—oE LT, 0
FERUBER ERER 2D TWD O, fEEMERRIZ L 2B FITR oo E 21t
GREARTSENE) Th D, & HEAMERIC X 2 EEIL, WEWEROSE#IEED
LIV OZAEZFHE L, Eivzil U CHlOMRE DEFERAEAT « BIRICR X R8s 5
2 5. ZOX D IAEEERIE, hEOREZAbZAT LT &M, BifE Tl
FRIBAERERICIWTASAHET ABIG L LTHIDILA L 212725 TW D,

BEICL > THESN MY OIEZE UL, SiEEWORERECHELICED LD ek
Ba NETTEA I M2 Fx 13 Y RN &7 Uil & LT, Ziuh OSEREA R
HIDOMTEE I T-T-, YHRHEMIE, & SEMEAMERROBEITH L Thifz7e
A HRE SEARIGERTZ ENE, 2L XHEEET ARBIERMIELZ R L,
BORWHEEL L EFET D, 70, BREKOHHFEINDS Z L2k o T, i
& 72 DAEENR O EN 722 A DERREDV A LT DT 5,

F9°, AHEOFPED TlL. FREC X - T 2 E RN O B O —E L e
B OBEERSEDEHRIC AUV TIRB 7= Ol T - B ORE R AN 5, Z 03
BrCld, IR L 5RO EOm B2 Tl BRI TEHIIC
FWEZACDAE U D Z SN K DAL IEOREIN, A g O RS 28N sE5 2
EVHBLNI IR T, Elo, AN THEENAEL D LYLOENI L~ T, #e
DREEABIE DR SN D Z E M BN /2o T2,

IR T, FREDE LD LV DEWNI L ST, YU AL BN HER
PR R OB LA 72 D Z L AoR LTGROV TN T %, YLy
NAYVORRHE, Y ROFEELZ R BT L THERT D EEDN TR, Fox l3HE
(2R DRSO TR S| THIPMERE CEV DS D Z & A /R LT, ~EX Y hD
T HOBIKFREED SR NE L, B THEE e 2 50 EaHE 2 R U7, HokIREE )i
WIGFMZE, YRR 2 BFITRT D FAERILD L-Lhse < e H R ¢
boTo, Fiz, FEERHEORIIZITARRBEEIGED DL, EREENOIR ks
TPEDMERT « FSEITIE, VYT XOFMEIC L A2l U IiEofMi )N EE ThH H =
EMERNTORIREFRIC L VSN 2072, LA T, BREEN (HokifE) 13
ENHET DY T XOFMED LAYV, SRR EOFEESIH DR S 2 0T 5
LEZ NS, Thbb,. Y EOEEN DS OEMSEIHEOE, Iz 5% LU CEEA
HENZ BT- L CWD T EAVRIR S T,

BRBRICINOOMREZESE 2 T, Y HXICBIARENHET DRI DUV T,
FHEARE A T L LA RS B e e AR LTV,

10



REEH DFF TR LA 0D 1E:52 K ONHIHEEVHE 0D Zo Tk s
KA (UK - AERERFz 5 —)

FEDBHEI 35U T AR | CEEEE & BFE 2 M A D & | RH oKz
0| UEEF YR LT & 5 M H D, WRESEHOZIIABVERRS 7 — RRT 1 212
L, 7V R EOMBHEEZITES LD L HRFOREIZL > CGEE S RMEEIC X - T
BELZFHT LML E 2D, FERIEEIC L HMREEOFHL TIL, Elix 52 2ok
BARE & &, WA 5 2 DAEEM ARG & L COMET e <, RENND LN D
ZEVHBREEFIICE LDHERE 2D, DEV | HEHEOH L R HMEEHFE LBV
T DOIEIAE I LRI CH D720, ZOBENL, M- fs-Kiko 3 & 1% 55T
WD THERET D, 7o, 1 FOMBFIIEEOTREAFIAT 2 2 N L<H Y, lREY ¥
JLU 2~2 3 Plagioderaversicolora. & [FIFTICAZ BT 5 v @k 2 FIHT 2, 22T, v %1
UNLVEHRDIRE THDH I A 7 25 b+ 77 Aolocaria hexaspilot | TAEEFEOREY DBV A F -9
B &I D, Fio, MBIE Y ORI E ATRENERIT 503C, iREEHT I TE oL
IS TL AR D, ZD X 5 728 EFIH LI BHEHEN ) DR S, FLT-
BITLLT D 2 SO a5 2 72, 1281, KEUIFIATE MO B W OF G | FHEED K
DRIHT 2R OENEFRIH L CODOTIERV)Y, SHI, ) HEREFICES BXBILHHH
WNE ERFAPEST- DI EERRALENEZL L T DO TRV EE R T, 2 DAIT
Z DA U COBEHEPE L~ 23S T 2 TREA =T 12 & TR S R
R % T L CORODO TRV EE R T2, L L, 2D OIGRERRET 5 HikmE s
NETITHENZ LTV, £ 2T, AFETIEL, WEEICHESSFHITIIZRL . HORHEENICE
VT DA 2R DR L)L & RERORES PRI L > TEIEIIERE - MBS E L~V 2555
DH L F R E VT 2R S OIGRORGEE R Tz, £ LT, REOFHS WE A AH O
(ZIEOFBIEHRD R B AL, Y FEEFEDY T/ U D ATK DEEHEH L~ E EER
BTG IMEAMEN L WS BIR S R BTz, TRIT, RHEBHE L~ o ORI L~V & Al
BRI O F — > DBIRE D 72012, 7 Y FFOMEHRE D, BERICBIT 5~
v RAAS— ZSERMEIE AR, 00T, BRFT LR, 7 Yy S e R A 2 D FE
FHEEEH L TWD 2 e, &2 TOYTHITEW T, BERICE_RTREKRDIZI 1LY %<
ORFADRG Z I L TnD Z ERbhoTz,

11



BEDY L IV IR E 5> TOBEEDORSERSHHHIA Y & 2 —)L
W 3 - KRR (50K - B > 5 —)

TSR T % T TR OGN e A OFEL, T2 ba8bitn L, #x 2t CIA < 8l
B3ND, T 9 LIZFBEIHEICIE, SBHNIFAE LI o TeREN S DIRHIISRE D Hi > T 5
EW), BHEA I T TOMEE LD E REBOZEDHHEE 78D, 29 LIREEOZE koD #
A I T HBEBZTSE. BEOBGHRN O — X 2R DT- > TR AT 5358055725
I, FEORBIRZIEEE SN TV DA B, FilZiX, BREOHEEEDOSRIZ X -
THZHINARETIE, BREEZZT ORI EORROBERT Y 2 — /K-> TURTRE -
TNDb, ZOXITEREOHA I TNRESTODIRIUTIN T, OB E DRBLA /-
T a— VR ED X NTRE SIVTND D& D [ A B bk 2 O CRERRA AR L
72

AT T, =X BRI Te > T EOREZZT D56 OBA 7Y 2— Va2 ffr LT
Yamamura and Touji 195)DFIEL TR SH, o — X0 2 AERIART L BEBBICOEI LT, &%
EZT DHER BB Ui BRoEBAEHIA &7 ¥ 2 — )V E R T, Z O CRA > b 2R D DI,
BEFAANCITEMIIB 5 OEm (k. BFEZZTD0ED) D 7RVE g A RO 72
AU B 720 DICxt U, BERIAZICIII BN SEMO T CRaEig 2R E 3 5 Z &M
TEDHEVWIRTHD, AL TIRY b U X —F L ORKFEZANDR, Zhbo2
DD — R AR DO TEHUIZ L VFEODIT 5 2 & To— AU 2RO DR A 7Y =
—/VESAERNCIRET D,

BIREUCIE R TR SIS A TR R U S, BUEE CORITIZ & 0 AL DN e 7= Pl
IRRERATHOWTHEE T 5,

Z BN

Yamamura, N. and N. Tsuji. 1995. Optimal strategy of plant antiherbivore defense: Implications for apparency and
resource-availability theories. Ecological Research,10:19-30.

12



BEV- IV OREEL
R L DRWMAEVHED T 4 — Ry 7 ET L

B NI <
SRR e v 2 —

B FARERICIW TR I A O L a0, TEEMAIREE (NI JOE)
AR OB GRIE AR > T D WO ARES D EMDOEIIRBAT A% 15 & &bl
R CTH D, L7ehio T, HEOFFEESIUKE U TR O AU, T
ERIRTEET DAMMOBIIENT D, ZOFEHOBEDOELE NS, fED “FHEL~L
DOIFEZAIE, AOBEMEE 2 L, THESRIEREICET 5. Z0 X o Ieitiiiss
ERBIIEBROMIO 7 4 — RNy 718, DR OREEZ AT HEHO—flL L TER ST
e EETIIE OIS, TWMOERIOEDOE AR OB LD A5 2 L TR
FHAEBRIZ 7 4 — Ry 7 T 5 CO RN L LT, THEMAMRHEOMRZIC bR
DEEE S TND. IO ERET 2 HRr RN ISR I ISR T ) 2 O S F - FFE R T
0o, BB GERE O EMREE IR CONRRAEDIIKIZ L b 72> THET TN D
DTHDH. ZOX I ITHEEOMRERE (EFER B L OV OREEL VL COEZbANAAE
bEST, ARERNOREME L ZOBREDEELN TWDDOTH S, £ T, MorEZEL
DIIEE LT AR D 7 ¢ — KXy 7870 (Miki & Kondoh 2002) Z % S+t
T, WAEYRSEOBIREZ RN CHAGAATZET VERER LT, ZOTTVOMMIZLY,
DIRAFTRENE, HAF5ME2 U GEBONEFD, fi3 J O ORI R B IKF L T L
DENPRE S TODNIOWTTRIT 5. iz, MR 5 2 DB L,
IMERZRBRBESAT (T2 & ZUTRMBESAT) D3R OB ORI BN DU T bifm L7V

13



BRTE S A X V7RIS HREAF B O T AERRF

THE
RERSE BEERIR AR

BAIESY A X > 713 OGRS E O T EEREISEEO—o L Al E i
TW5, AR 32— —CRERROHBIRE & O—B - A—BERETHZ L2 LT,
T & Zn AR 28 & ORIRIC O EEL 52 5, F7o, BEX A I 713, hEd
DI TFRAEFATBOTEOREIA =X L0 b L RSN TV A REAIE TH 5,
BA53 DI T HED Y A R2T TR Z O A O ESERIZ OV T HIFZEH
W, FREHRRIEORAMG] HNNT72 D D8 5,

A0, BIES A X 2 T OFf A T = X BT 5 5 17 i e B AMIFZEI
HZEWTEDLI DT -T2, FFEDBIBIR - DIEZ TN T THET D Z & &I
LC, N EE e RS BA S AT RERS 2R ET A Z &3 Cx B, L<ITE
FR 2 OOMEIL, 1. FASKECBNT, Wo, EO XD ICHREREE D WERE T 5002
2. PSS E DL S IehERE T2 TONNIEZXHZ L Th D,

AFERTIE, A XFTAFBOSHFENT B Z 61T % BHTEOZH T
BV T OISR ZFE 5, B H LIZEa 1. N"—F U=y g Vis&a w5
FHL2BAAEAIHIIR - FLC (Flowering LocusC) Cdb %, —4FEELTH H A X FRXF DL D
BRI (RS DRIZIZ FLC DI L~NLNEW=DIZ, oy MEEED
HEER S35, ABEOIREA T2 - L1CL 0 . FLC OSBRI S415. = OFEI
L, 7 a~F o REEDOEELE D T2 DIFROIEE ERE O 2% 8 U CHHER
ST, BOBHERKE~OBATEZRT ‘3T 4 v 7 408 & L THRE
L T4,

NG UNE P RIZAERTH Y, v aA XFRF DX 9 725 mR=e) HEGHE~
DOBATHR BT BT, BN LRERE~OBFBATRE Z e b, £z, %
I COIREENL, B 27— TR L0 b OZEREEN A 779, SAEELDBIHE
TREIDZRE AT 7 — RN CIIET 5 2 &2 LD,

1. BAOZEEEREE DT, FLCIZE D X ) TGS S Qb D02

2. ZAFEOAIELITBWTEIRD D RERE~OBFBITILED X 5 I =

ILTWDLDNN?
3. b O —ODBHHEERE THD AERIELE COL IR L TS LEX
HIVDHDNN?
EWVWo T EERRET L,

14



