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Abstract—Early in spring, just after the snow melts, the leaf beetleOreina
cacaliaefeedson flowersof Petasitesparadoxus.Later in springthey switch
to their principlehostplant Adenostylesalliariae. The attractivenessof short-
andlong-termdamagedhostplantswas studiedin a wind tunnel.The spring
hostP. paradoxuswas moreattractive to thebeetlesafter it hadbeendamaged
overnightby conspecificsor artificially, but not whentheplantsweredamaged
half an hour beforethe wind-tunnelexperiments.Contrary to P. paradoxus,
theprinciplehostplant,A. alliariae was moreattractive shortlyafteranattack
by conspecifics(half an hour beforethe experiment)comparedto a undam-
agedplant,but lost its increasedattractivenesswhendamagedovernight.The
enhancedattractionof damagedplantswas longer lasting in the spring host
P. paradoxusthanin themainhostA. alliariae. Volatilesemittedby hostplants
werecollectedandgaschromatographicanalysesof theodorscollectedshowed
qualitativeandquantitativedifferencesbetweendamagedandundamagedplants.
Among the volatiles recorded,greenleaf volatiles and mono- and sesquiter-
penesdominated.In overnightdamagedP. paradoxusplantswith anenhanced
attractiveness,limonenewas emittedin higher amounts.In freshly damaged
A. alliariae leaves,moreα-humuleneand germacreneD were emittedcom-
paredto (E,E)-α-farnesene,whereasin the lessattractive A. alliariae plants,
more(E,E)-α-farnesenewasemittedcomparedto α-humuleneandgermacrene
D. In thefield, thelong lastingattractionof floweringP. paradoxusearlyin the
seasonmayfacilitatematingin O. cacaliaeafterasuccessfuloverwintering.

Key Words —Olfaction,behavior,wind-tunnel,gaschromatography,Coleoptera,Chrysomelidae,
Oreinacacaliae.
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INTRODUCTION

Herbivory leadsto plant injury andthusto enhancedemissionof plantvolatiles,
which mayin turn increasetheattractivenessof theseplantsto beetles(Harariet
al., 1994;Loughrin et al., 1995;Bolter et al., 1997).Host-derived volatilescan
alsointeractwith aggregationpheromonesto producesynergizedattraction,like
that describedin bark beetles,or they canbe convertedinto pheromones,as in
mountainpinebeetles(Borden,1984;Jones,1985).

The alpineOreina cacaliae(Coleoptera:Chrysomelidae)feedon two host
plantsat a field site in La Fouly (Val Ferret:Valais)in theSwissAlps. In spring,
just afterthesnow melts,thebeetlesfeedon Petasitesparadoxus(Asteraceae)in
its floweringstate.This is oneof thefirst annualplantsto occurat sun-exposed
sites.Wind-tunnelexperimentsconfirmedtheattractivenessof P. paradoxusover a
nonhost(Tussilagofarfara) in thelaboratory(Kalberer, 2000).Up to 80individual
O. cacaliaebeetlescan be found on a single flowering P. paradoxusplant in
thefield (Kalberer, personalobservation).This observation led to thehypothesis
that anaggregationpheromonemight exist, that attractsbeetlesto an individual
hostplant.O. cacaliaebeetleslive for up to threeyearsandgenerationsoverlap.
Femalesarereadyto copulateimmediatelyafteremergencein summer, whereas
malesdo not mateuntil the following springandsummer(Rahier, unpublished
results).

A secondhostplant,Adenostylesalliariae (Asteraceae),emergesthreeto four
weeksafter P. paradoxusandservesassummerhostfor the beetles.The leaves
of A. alliariae containpyrrolizidine alkaloidsthataresequesteredby O. cacaliae
larvaeandadultsfor their own defense(Ehmke et al., 1991;DoblerandRowell-
Rahier, 1994).A. alliariae hasonesinglelargeleaf (0.2× 0.3m) in its vegetative
stateandoccursin patches.The leaves of adjacentplantsareoftenoverlapping,
makingit easyfor O. cacaliaeto walk from oneplantto another. In thefield, the
beetlesaremuchlessaggregatedon the A. alliariae leaves thanon their spring
hostP. paradoxus(Kalberer, unpublisheddata).Quite often two andsometimes
threebeetlescanbe found on a singleA. alliariae leaf, but their numberrarely
exceedsmorethanfour (Kalberer, personalobservation).

In relationto observationsof aggregation in this beetlewe tested(1) if an
aggregation pheromoneexists, (2) if plant injury changesthe attractivenessof
thehostplants,and(3) if O. cacaliaereactsdifferentlyto shortversusprolonged
injury to P. paradoxusandA.alliariae plants.Differentresponsesto alreadydam-
agedP. paradoxusandA. alliariae may explain the observed differencesin ag-
gregation on theseplants.Experimentsto test ambulatory responsesof beetles
towardsplant odorswereconductedin a wind-tunnel.In addition,the volatiles
emittedby undamagedanddamagedhostplantswerecollected,identified,and
compared.
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METHODSAND MATERIALS

TheInsects. Adultsof O. cacaliaewerecollectedweeklyfrom P. paradoxus
in springandfrom A. alliariae in summer, nearLa Fouly (Val Ferret:Valais)in
the SwissAlps. To prevent stress,beetleswere transportedto the laboratoryin
cooledcontainers.Thebeetlesweremaintainedin glassjars in an incubatorat a
day temperatureof 16◦C anda night temperatureof 12◦C anda 16L: 8D light
regime.Beetleswereusedwithin threedaysof collectionin experimentsandwere
sexed usingsexualdimorphismof thetarsi(LohseandLucht,1994).

ThePlants. Plantsusedin the experimentsweredug up weekly at or near
thesiteswherebeetleswerecollectedandimmediatelytransplantedinto 15-cm-
diameterceramicpots.Pottedplantswere transportedto the laboratory, where
they wereplacednearawindow andkeptatroomtemperatureuntil use.To obtain
herbivore-damagedplants,10 adultbeetles(5 malesand5 females)wereplaced
onP. paradoxusandA.alliariae plantsandallowedto feed,eitherfor half anhour
beforethe experiment(short-termdamage)or overnight beginning at 2000 hr,
andtheexperimentswereconductedduringthenext day(overnightdamage).A.
alliariae wasalsosubjectto anothertreatmentin whichfivelast-instarO.cacaliae
larvae were allowed to feed on a plant for half an hour beforethe experiment
(larval short-termdamage).Both hostplantswerealsosubjectedto an artificial
injury treatment.Artificial injury to P. paradoxuswas inflicted by a razorblade,
with which two outof severaldozenflowerheadswereremoved togetherwith the
edgeof a basalleaf surroundingthe floral stalk. In A. alliariae, artificial injury
was administeredby cutting two pieces(35× 10 mm) from theedgeof the leaf
with arazorbladeandpunchingahole(14mmdiameter)in themiddleof theleaf
with acorkborer. Eachplantwasusedonceasanundamagedplantandonceafter
beingdamagedin wind-tunnelexperimentsandfor odorcollection.

Wind-Tunnel.ThePlexiglaswind-tunnel(0.6× 0.6× 1.8m) wassurrounded
byawhitetenttoeliminatevisualdistractionfor thebeetles.Air waspulledthrough
thetunnelat0.1m/secwith theuseof atubularductfan (RR125C,MeliosVenti-
latorenAG, Urdorf,Switzerland)andwasexhaustedoutsidetheroom.A charcoal
impregnatedfabric cleanedthe air at the tunnelentrance.Roomtemperaturein
thewind-tunnelfacility was 22–23◦C andhumidity around55%(for detailssee
Kalberer, 2000).

ExperimentalProcedure. The assaywas designedasa dual-choicetest for
walkingbeetles.Twodifferentlytreatedpottedplantswereplaced0.3mapartatthe
upwindendof thewind-tunnel.A glassplate(1.5× 0.5m)wasplacedhorizontally
in thewind-tunnelataheightadjustedsuchthatairfromthevolatile-emitting,upper
plantpartswouldpassover it. Thedistancebetweenthepointof beetlereleaseon
theglassplateandtheplantswas1m.Theglassplatewascleanedwith 70%ethanol
after testing10 beetles.Eachplant combinationwas replicatedfour timeswith
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20beetles(10femalesand10males)perreplicate.Replicationtookplaceat inter-
valsof atleastoneweekwith differentplantsanddifferentbeetles.Theinsectswere
deprived of foodfor at least24hr beforebeingtestedto promotetheiranemotactic
response(VisserandNielsen,1977;Miller andStrickler, 1984).Glassjars with
beetlesweretakenoutof theincubator30min beforeanexperimentandleft near
thewindtunnelto let thebeetlesacclimatizetotheexperimentalconditions.Details
onthebehavior of thebeetlesin thewind tunnelaredescribedin Kalberer(2000).

Wind-TunnelExperimentsExcludingVisualCues.Toexcludevisualcues,the
plantswerenotputin thewind-tunnelbut placedoutsidethewhitecurtainsurround-
ing thewind tunnel.Compressedair, humidifiedandpurifiedby a charcoalfilter,
entereda heat-sealedNalophancookingbag(Kalle Nalo, Wiesbaden,Germany)
containingthepottedplant.Teflontubesled theair enrichedwith plantodorsout
of thecookingbagandinto thewind tunnelthroughtwoholesattheupwindendof
thewind-tunnel.Theendsof thetubesweretapedverticallyto theupwindedgeof
theglassplate.

PheromoneTest.To testfor pheromonalattraction,weplacedeither10over-
winteredmalesor 10 freshlyemergedfemalesin a largemeshmetalliccageand
releasedbeetlesof theoppositesex. To establisha dual-choicetest,we hadtwo
cages,onewith beetlesandoneempty. Theexperimentswereconductedwith 20
beetlesandreplicatedfour times.

Collection of Plant Volatiles. Volatiles were collectedfrom pottedplants
insideaclimatechamberat15◦C, 50–60%relativehumidity, and35,000lux. The
plantswere placedinside odorlesspolyethyleneterephthalate(PET) Nalophan
cookingbags.Onebagopeningwas sealedbeforeusewith a heatsealer(TEW
ElectricHeatingEquipmentCo.Ltd., typeTISH-400),theotherwas tied around
theplantstemwith aplastictie providedwith thebags.Humidifiedandcharcoal-
filteredair enteredthebagvia a Teflontubeat a rateof 1000ml/min. TheTeflon
tubewas connectedto thebagsby a glasstube.TheglasstubeenteredthePET
bagandwas introducedthroughascrew capcontainingaTeflon-coatedO-ringof
thesamediameter[6 mm; for detailsseeTurlingsetal. (1998)].

A volatilecollectiontrap,consistingof a10-cm-long× 6-mm-diameterglass
tubecontaining25 mg SuperQ adsorbent(asdescribedby HeathandManukian,
1992),was attachedto thePETbagin thesameway as the inlet glasstube.Air
was pulled throughthe collection trap in the bagvia Tygon tubing at a rateof
800ml/min (Turlingset al., 1998).Volatileswerecollectedfor 4 hr, afterwhich
eachtrapwasrinsedwith 150µl methylenechloride,andinternalstandards(400ng
n-octaneandnonylacetate)wereaddedbeforeinjection to a gaschromatograph
(GC).Six collectionspertreatmentweremade.

PlantVolatile Analysis.Volatileswereanalyzedwith aHewlett Packard6890
GCequippedwith anon-columninjectorandaflameionizationdetector. Aliquots
of 3µl wereinjectedontoa 30 m× 0.25mm nonpolarcolumn(EC1,film thick-
ness)0.25µm, Alltech Associates),precededby a 10-m× 0.25-mmdeactivated
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retentiongap and a deactivatedprecolumn(30 cm × 0.53 mm, both Connex).
Helium was usedas the carriergasat a flow rateof 24 cm/sec.The following
temperatureprogramwas used:after a hold time of 3 min at 50◦C, temperature
was linearly increasedata rateof 8◦C/min to 230◦C andheldfor 9.5min.

Data were collectedand processedwith ChemStationsoftware (Hewlett-
Packard).Themaincompoundswereidentifiedby GC-MSanalysisonaHewlett-
Packard5973quadrupole-typemassselectivedetector(transferline temp:230◦C,
sourcetemp:230◦C, quadrupoletemp:150◦C, ionizationpotential:70 eV, and
scanrange:50–400amu)coupledto thegaschromatographdescribedabove. The
compoundswereidentifiedby comparisonof retentiontimesto thoseof commer-
cially availablestandards[nonene,α-phellandrene,limonene,linalool and(E,E)-
α-farnesene]andbycomparisonof spectratothoseof theWiley andNISTlibraries.

Behavioral Responseto CollectedVolatiles.Thisexperimentwasconducted
to testwhetherthecollectedvolatileselicit a behavioral responsein thebeetles.
Samples(50 µl each)containingthe volatilescollectedfrom healthyandartifi-
cially damagedA. alliariae plants,identicalto theonesusedfor injection in the
gaschromatograph,wereofferedon folded filter paperdiscs(90 mm diameter;
SchleicherandSchuell,Dassel,Germany) placedontheglassplateat theupwind
endof thewind-tunnel.No visualcuescouldhelp thebeetlesapproachtheodor
sourcein thewind-tunnel.

StatisticalAnalysis.Odorpreferencesin thewind-tunnelweretestedwith a
two-tailedbinomialtest,usingthetotalnumberof beetlesthatmadeachoicefor a
particularodor(α = 0.05)andpoolingthedataof thefour replicates.To analyze
thequantitativedifferencesin theplantodorsemittedby undamagedanddamaged
plants,we usedan ANOVA followed by a Bonferroni-Dunnversuscontrol (un-
damagedplant)posthoctest.Collectedodordatawerelog (X + 1) transformed
beforeanalysis.

RESULTS

ChoiceExperiments

Damaged vs. Undamaged Petasitesparadoxus:Flowering State. In cho-
iceexperimentswith floweringP. paradoxus,beetlesshowedasignificantprefer-
encefor plantsdamagedby overnightfeedingbeetles(Figure1A, P< 0.001)and
by artificial damagethepreviousevening(Figure1B, P< 0.01)over undamaged
plants.Therewasnodifferencein attractivenessbetweenovernightdamagecaused
by adult beetlesandovernightartificial damage(Figure1C, P = 0.43).Beetles
werenot moreattractedto P. paradoxusplantsthathadbeendamagedonly half
an hour beforethe experiment(shortterm attack)thanthey wereto undamaged
plants(Figure1D, P= 0.43).
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FIG. 1. Choices ofOreina cacaliaein wind-tunnel experiments withPetasites para-
doxus.The bars represent the percentage of tested beetles that made a particular choice.
The asterisks indicate a significant preference for a treatment (two-tailed binomial test;
** P< 0.01, ***P< 0.001).

Damaged vs. Undamaged.Adenostyles alliariae,Vegetative State.Freshly
damaged leaves ofA. alliariae were more attractive to beetles than undamaged
leaves, regardless whether leaf damage had been inflicted by adult or larval feed-
ing (Figure 2A,P< 0.01 and Figure 2B,P< 0.05). Freshly damagedA. alliariae
leaves were significantly more attractive than overnight damaged leaves (Fig-
ure 2C,P< 0.001). Artificial fresh attack was as attractive as fresh damage caused
by adult beetles feeding on the plant (Figure 2D,P= 0.42). Plants damaged over
night by adult beetles were not more attractive than undamaged plants (Figure 2E,
P= 0.42).
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FIG. 2. Choices ofOreina cacaliaein wind-tunnel experiments withAdenostyles al-
liariae. The bars represent the percentage of tested beetles that made a particular choice.
The asterisks indicate a significant preference for a treatment (two-tailed binomial test;
*P< 0.05, **P< 0.01, ***P< 0.001).

Host Odor without Visual Cues.The tube releasing odor collected from
an undamagedA. alliariae plant attracted significantly more beetles than the
tube releasing clean air (Figure 3A,P < 0.05). Collected headspace volatiles
of a freshly damagedA. alliariae leaf presented on a filter paper, attracted more
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FIG. 3. (A) Choice experiments without visual cues, where the host odor entered the wind-
tunnel from plants standing outside the wind-tunnel. Odor fromA. alliariaeplants attracted
more beetles than pure air. (B) Collected headspace volatiles from damagedA. alliariae
leaf put on a filter paper attracted more beetles than the collected odor of a undamaged
A. alliariae leaf. The asterisks indicate a significant preference for a treatment (two-tailed
binomial test; *P< 0.05, **P< 0.01.

beetle than did collected headspace volatiles of an undamaged leaf (Figure 3B,
P< 0.01).

Attractiveness of Conspecifics. O. cacaliaebeetles of one sex were not at-
tracted by conspecifics of the other sex. Neither overwintered males nor new gen-
eration females attracted more adults of the opposite sex than did an empty cage
(Figure 4,P= 0.34, both sexes). When two pottedA. alliariae plants were added
at the upwind end of the wind-tunnel, beetles still did not discriminate between
the cage with conspecifics and the empty cage (P= 0.4, data not shown).

FIG. 4. O. cacaliaewas not attracted to the smell of the opposite sex and did not approach
the conspecifics hidden in a metallic cage more often than an empty cage (P= 0.34).
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FIG. 5. Representative gas chromatographic profiles of headspace volatiles from undam-
aged, freshly damaged, overnight damaged and artificially overnight damagedPetasites
paradoxusplants. The bottom chromatogram shows the odor fromOreina cacaliaebeetles.
Peak identities: (P forPetasites) Pb, unknown; Pd, nonene; Pi,α-phelandrene; Pl, limonene;
Pq, unknown; Pt, eremophylene; Px, chromolaenin. IS1 and IS2 represent the internal stan-
dardsn-octane and nonyl acetate, respectively. Asterisks indicate significant differences in
the amount of an emitted substance as compared to a undamagedP. paradoxusflower.

Analysis of Headspace Volatiles

Petasites paradoxusFlowering State. Representative gas chromatograp-
hic profiles of headspace volatiles collected fromP. paradoxusplants illustrate the
differences in volatile blends between undamaged and damaged plants (Figure 5).
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TABLE 1. DATA OF ANOVA TEST FORCOLLECTED PLANT ODOR COMPOUNDSOF

DAMAGED PLANTS COMPARED WITH UNDAMAGED CONTROL PLANTSa

Compound MS F P

Petasites paradoxusflowering
Unknown (Pb) 0.49 7.69 0.0013
Nonene (Pd) 1.16 7.8 0.0012
(E,E)-α-phellandrene (Pi) 5.81 11.7 0.0001
Limonene (Pl) 1.15 4.94 0.01
Unknown (Pq) 4.33 12.63 0.0001
Eremophylene (Pt) 4.29 23.59 0.0001
Chromolaenin (Px) 7.64 69.48 0.0001

Adenostyles alliariaevegetative
(Z)-3-Hexenol (a) 2.69 3.34 0.025
Unknown (b) 1.75 3.27 0.028
(Z)-3-Hexenyl acetate (c) 1.9 3.84 0.015
Linalool (e) 0.94 7.38 0.0005
Dodecanol (h) 2.78 6.14 0.0014
α-Humulene (k) 0.87 7.51 0.0004
Germacrene D (n) 0.48 3.61 0.019
(E,E)-α-fannesene (p) 0.25 2.42 0.075

aSignificant differences between treatments are indicated with an asterisk in the Figures 4 and 5.

Control collections from empty PET bags showed no background odor. The sesquit-
erpeneα-phellandrene was emitted in large amounts by freshly damagedP. para-
doxusplants (Figure 5, peak Pi). Overnight damaged plants (adult and artificial
attack) with enhanced attractiveness emitted significantly more limonene (peak Pl)
than both undamaged and freshly damaged plants. The other volatile compounds—
nonene, eremophylene, and two unknown substances were released in significantly
larger amounts by damaged plants (either fresh or overnight damage) than by un-
damaged plants (Table 1, Figure 5).

Adenostyles alliariaeVegetative State. Representative gas chromatograms
of headspace volatiles collected fromA. alliariae leaves following different treat-
ments are shown in Figure 6. Freshly damaged leaves with enhanced attractiveness,
damaged either by adult beetles, larvae, or artificially, contained significantly larger
amounts of linalool (e), dodecanol (h),α-humulene (k), and germacrene D (n) than
did undamaged leaves (Table 1, Figure 6). WhenA. alliariae leaves were dam-
aged overnight by adults, they emitted additional volatiles such as (Z)-3 hexenol
(a), (Z)-3-hexenyl acetate (c), (E,E)-α-farnesene (p), and an unknown substance
(b). In undamaged and overnight damagedA. alliariaemore (E,E)-α-farnesene (p)
is produced compared toα-humulene (k) and germacrene D (n), whereas in freshly
damaged leaves (by adults, larvae, or artificially) moreα-humulene (k) and
germacrene D (n) are emitted compared to (E,E)-α-farnesene (p).
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FIG. 6. Representative gas chromatographic profiles ofAdenostyles allliariaeheadspace
volatiles collected from leaves after various treatments. Treatments from top to bottom were:
undamagedA. alliariae leaf, a leaf freshly damage by adultO. cacaliae,a leaf artificially
damaged with a razor blade, a leaf freshly damaged byO. cacaliaelarvae, and a leaf
damaged overnight byO. cacaliaeadults. Peak identities: a, (Z)-3-hexenol; b, unknown;
c, (Z)-3 hexenylacetate; e, linalool; h, dodecanol; k,α-humulene; n, germacrene D; and p,
(E,E)-α-farnesene. IS1 and IS2 represent the internal standardsn-octane and nonyl acetate,
respectively. Asterisks indicate significant differences in the amount of an emitted substance
as compared to a undamagedA. alliariae leaf.

Results of Beetle Odor Collections

Oreina cacaliae. Chromolaenin was the only identified substance emitted from
O. cacaliaebeetles and was also present in plant odor collections from damaged
plants, where beetles had fed on the plant during collection (Figure 5).
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DISCUSSION

Wind-tunnelexperimentswith O. cacaliaeandthehostplantsP. paradoxus
andA. alliariae provide evidencethat this alpineleaf beetleis moreattractedto
volatilesreleasedby damagedhostplantsthanit is to undamagedhosts.Domek
andJohnson(1988)found that greenJunebeetlesfeedingon ripe peachattract
significantlymoreconspecificsthandid ripe slicedfruit or beetlesalone,demon-
stratingthatbeetlesfeedingon a hostattractmoreconspecificsthanthepresence
of hostplantsor conspecificsalone.Theattractionto a generalodorof wounded
plantscouldbeexcludedin anexperimentwith Phyllotretacruciferae(Coleoptera:
Chrysomelidae),wherebeetleswereattractedto conspecificsfeedingon thehost
plantoilseedrape,but nottoconspecificsfeedingonthenonhostcrambe(Pengand
Weiss,1992).O.cacaliaebeetlesrespondedsimilarly to insect(larvaeor adult)or
artificially damagedhostplants,showing thatthevolatileblendemittedis solelya
resultof plantinjury andnotpartof theodorsemittedby theinsectwhile feeding.

Even in the absenceof any visual cuescharacterizingits hostplant in the
wind tunnelO. cacaliaeapproachedthehostplantodorinlet moreoftenthanthe
cleanair inlet. Nevertheless,thefactthatfewer beetlesrespondedin experiments
without visualcuesthanin trials in which plantswereplacedin thewind tunnel
indicatesthatsomevisualcuesmight helpthebeetlesto approacha plant.In the
field, theroleof visualcuesin hostplantfindingbehavior is clearlylessimportant
thantheroleof odorcues(Kalberer, 2000).

Pasteelset al. (1994)speculatedon theexistenceof a sexual pheromonein
O. gloriosa, basedon differencesin the compositionof defensive secretion,be-
tweenthesexes (EggenbergerandRowell-Rahier, 1991,1993).We foundnoevi-
dencefor asex pheromonein O.cacaliae. Ourbeetlesweretransportedtogetherin
apotfrom thefield to thelab,andthey mayhavereleasedtheirdefensivesecretion
duringtransport,which couldhave affectedtheir subsequentresponses.Keeping
thebeetlesseparatemayyield differentresults.

Short-or long-termattack,respectively, leadto anenhancedattractivenessin
onehostplant of O. cacaliaebut not in the other. The springhostP. paradoxus
wasmoreattractiveafterovernightdamage,whereasA.alliariae hadanenhanced
attractivenessonly aftera freshattack,but lost this enhancedattractivenesshours
later. An enhancedattractivenessfor overnightdamagedplantssimilar for theone
on P. paradoxushadbeendescribedfor theJapanesebeetleon crabappleleaves
whereovernightdamagedleaves attractmorebeetlesthanundamagedleaves or
leaves with freshdamage(Loughrinetal., 1995).

CollectedheadspacevolatilesfromdamagedA.alliariae leavesweremoreat-
tractiveto thebeetlesthancollectedvolatilesfrom undamagedA.alliariae leaves,
showing that the compoundstriggeringa responsein O. cacaliaehadbeencol-
lected.The compoundscollectedwereanalyzedin order to determinehow the
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compositionof theodorblendchangedasaresultof herbivoreattack.Visseretal.
(1979)showedthatfreshattackby Coloradopotatobeetlesresultsin theemission
of greenleafvolatilesfrom injuredplantcells.Thesevolatilesareemittedby most
plantspeciesafterdamageasa resultof theoxidative degradationof plant lipids
(VisserandAvé,1978).Thecompounds(Z)-3-hexenoland(Z)-3-hexenyl acetate
thatwerereleasedfrom damagedA. alliariae leavesafterashortattackbelongto
thiscategory, neverthelessthey werealsoproducedafterovernightattack.Several
studieshave shown that the productionof othervolatilesis inducedin the plant
following theattackby aherbivore(Turlingsetal.,1990,Takabayashietal.,1994)
andis the resultof active chemicalprocessesin the plant (Paŕe andTumlinson,
1997).Mono-andsesquiterpenes,built via theisoprenoidpathway, belongto this
categoryandarethemostcommonvolatilesinducedby herbivoreattack(Paŕeand
Tumlinson,1997).Nonene,α-phelandrene,limonene,anderemophylene,werethe
compoundsemittedin higheramountsby damagedP. paradoxusplantscompared
to undamagedplants.After an overnight infestationby beetlesaswell asafter
artificial damagethepreviousevening,P. paradoxusflowersreleasedsignificantly
morelimonenethanplantsthatwerelessattractivefor thebeetles.It is temptingto
speculatethat theenhancedattractivenessof overnightdamagedP. paradoxusis
duetoanincreasedamountof limonenein theemittedplantvolatiles.Nevertheless
it is risky to speculatethatasinglecompoundevokestheobservedresponsein the
beetle,becauseseveralstudieshave shown that theblendof odorcomponentsis
crucial to provoke a certainbehavioral response(VisserandAvé, 1978;Saxena
andGoyal, 1978).

Linalool, dodecanol,α-humulene,andgermacreneD werethe compounds
emittedin higheramountsby damagedA. alliariae leaves comparedto undam-
agedleaves.In freshlydamagedA. alliariae leaves with enhancedattractiveness,
moreα-humuleneandgermacreneD wereemittedcomparedto (E,E)-α-farnesene
whereasin the less attractive A. alliariae undamagedand overnight-damaged
plants,more (E,E)-α-farnesenewas emittedcomparedto α-humuleneand ger-
macreneD. This reverserelationshipbetweenthosesesquiterpenesmight be re-
sponsiblefor theenhancedattractivenessof freshlydamagedA. alliariae leaves.

Most of the compoundsthat we found after an attackof O. cacaliaein its
hostplantshave beendescribedfor damagedhostplantsof othersystems.For
instancetheterpene(E,E)-α-farneseneis releasedby damagedcrabappleandby
Psylla-infestedpeartrees(Loughrinet al., 1995;Scutareanuet al., 1997),(Z)-3-
hexenyl acetatewasfoundtobeassociatedwith herbivory in maize(Turlingsetal.,
1990),andthesesquiterpene(-)-germacreneD appearsto masktheattractiveness
of undamagedpinetreesto Monochamusalternatus(Coleoptera:Cerambycidae)
(Yamasakietal., 1997).

Thefactthatdamagedhostplantsaremoreattractive thanundamagedplants
maypromoteaggregationof O. cacaliaeon plantssuitablefor feedingandlarval
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development.Thedifferencein theattractivenessof thetwohostplantswith respect
to time sinceattackcorrespondsnicely with field observationsof beetledensities
onplants.Dozensof beetlesoftenfeedonasinglefloweringP. paradoxusplantin
spring,while only a few beetles(2–4)wereever observedon A. alliariae plants.
The long-lastingattractionof flowering P. paradoxusearly in the seasonmay
facilitatematingin O. cacaliae. It might beespeciallyrewardingfor thefemales
to rematein springwith a malewho successfullyoverwintered,to increasethe
fitnessof their offspring(StevensandCauley, 1989).
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