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Abstract—Early in spring, just after the snav melts, the leaf beetleOreina
cacaliaefeedson flowersof Petasitesparadoxus.Laterin springthey switch
to their principle hostplant Adenostylesilliariae. The attractvenessof short-
andlong-termdamagecostplantswas studiedin a wind tunnel. The spring
hostP. paradoxuswas moreattractive to the beetlesafterit hadbeendamaged
overnightby conspecificor artificially, but notwhenthe plantsweredamaged
half an hour beforethe wind-tunnel experiments.Contraryto P. paradoxus,
the principle hostplant, A. alliariae was moreattractve shortly afteran attack
by conspecificghalf an hour beforethe experiment)comparedto a undam-
agedplant, but lost its increasedattractvenessvhendamagedvernight. The
enhancedttractionof damagedplantswas longer lastingin the spring host
P. paradoxusthanin themainhostA. alliariae. Volatilesemittedby hostplants
werecollectedandgaschromatographianalyse®f theodorscollectedshaved
qualitatveandquantitatvedifferencedetweerdamage@ndundamageglants.
Among the volatiles recorded greenleaf volatiles and mono- and sesquiter
penesgdominatedIn overnightdamaged. paradoxusplantswith anenhanced
attractvenessJimonenewas emittedin higheramounts.In freshly damaged
A. alliariae leaves, more a-humuleneand germacreneéd were emitted com-
paredto (E,B)-a-farnesenewhereasn the lessattractive A. alliariae plants,
more(E,B)-a-farnesengvas emittedcomparedo a-humuleneandgermacrene
D. In thefield, thelong lastingattractionof flowering P. paradoxusearlyin the
seasomayfacilitatematingin O. cacaliaeaftera successfubverwintering.

K ey Words —Olfaction behaior, wind-tunnelgaschromatograph@oleopteraChrysomelidae,
Oreinacacaliae
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INTRODUCTION

Herbivory leadsto plantinjury andthusto enhanceamissionof plantvolatiles,
which mayin turnincreasehe attractvenesof theseplantsto beetlegHarariet
al., 1994; Loughrin et al., 1995; Bolter et al., 1997). Host-derved volatilescan
alsointeractwith aggreyationpheromoneso producesynegizedattraction like
that describedn bark beetles,or they canbe corvertedinto pheromonesasin
mountainpine beetlegBorden,1984;Jones1985).

The alpine Oreina cacaliae (ColeopteraChrysomelidaejeed on two host
plantsat afield sitein La Fouly (Val Ferret:Valais)in the SwissAlps. In spring,
justafterthe snav melts,the beetledeedon Petasitegparadoxus(Asteraceaen
its flowering state.This is one of the first annualplantsto occurat sun-eposed
sites. Wind-tunnelexperimentonfirmedheattractvenes®f P. paradoxusover a
nonhos{Tussilagofarfara) inthelaboratory(Kalberer 2000).Up to 80individual
O. cacaliae beetlescan be found on a single flowering P. paradoxusplant in
thefield (Kalberer personabbsenation). This obsenation led to the hypothesis
thatan aggreationpheromonemight exist, that attractsbeetlesto anindividual
hostplant.O. cacaliaebeetledive for up to threeyearsandgeneration®verlap.
Femalesarereadyto copulateimmediatelyafteremegencein summeywhereas
malesdo not mateuntil the following springand summer(Rahier unpublished
results).

A secondhostplant,Adenostylealliariae (Asteraceaegmepgesthreeto four
weeksafter P. paradoxusandsenesassummerhostfor the beetles The leaves
of A. alliariae containpyrrolizidine alkaloidsthataresequesteredy O. cacaliae
larvaeandadultsfor their own defensg Ehmle et al., 1991;Doblerand Rowell-
Rahier 1994).A. alliariae hasonesinglelargeleaf (0.2 x 0.3m) in its vegetative
stateandoccursin patchesThe leaves of adjacentplantsare often overlapping,
makingit easyfor O. cacaliaeto walk from oneplantto anotherin thefield, the
beetlesare muchlessaggregyatedon the A. alliariae leaves thanon their spring
hostP. paradoxus(Kalberer unpublisheddata).Quite oftentwo and sometimes
threebeetlescanbe found on a single A. alliariae leaf, but their numberrarely
exceedanorethanfour (Kalberer personabbsenation).

In relationto obserationsof aggr@ationin this beetlewe tested(1) if an
aggreation pheromoneexists, (2) if plantinjury changeghe attractvenessof
thehostplants,and(3) if O. cacaliaereactsdifferentlyto shortversusprolonged
injury to P. paradoxusandA. alliariae plants.Differentresponseto alreadydam-
agedP. paradoxusandA. alliariae may explain the obsened differencesn ag-
gregation on theseplants. Experimentsto testamtulatory response®f beetles
towardsplant odorswere conductedn a wind-tunnel.In addition, the volatiles
emittedby undamagednd damagechost plantswere collected,identified,and
compared.



METHODSAND MATERIALS

Thelnsects Adults of O. cacaliaewerecollectedweeklyfrom P. paradoxus
in springandfrom A. alliariae in summey nearLa Fouly (Val Ferret:Valais)in
the SwissAlps. To prevent stress beetleswere transportedo the laboratoryin
cooledcontainersThe beetlesvere maintainedn glassjarsin anincubatorat a
day temperatureof 16°C anda night temperatureof 12°C anda 16L: 8D light
regime.Beetlesvereusedwithin threedaysof collectionin experimentandwere
sexed usingsexual dimorphismof thetarsi(LohseandLucht, 1994).

The Plants Plantsusedin the experimentswere dug up weekly at or near
the siteswherebeetlesvere collectedandimmediatelytransplantednto 15-cm-
diameterceramicpots. Pottedplantswere transportedo the laboratory where
they wereplacednearawindow andkeptatroomtemperatureintil use.To obtain
herbivore-damageglants,10 adultbeetleq5 malesand5 females)wereplaced
onP. paradoxusandA. alliariae plantsandallowedto feed,eitherfor half anhour
beforethe experiment(short-termdamage)or overnight beginning at 2000 hr,
andthe experimentswereconductedduring the next day (overnightdamage)A.
alliariae was alsosubjectto anothettreatmentn whichfive last-instalO. cacaliae
larvae were allowed to feed on a plant for half an hour beforethe experiment
(larval short-termdamage)Both host plantswere also subjectedo an artificial
injury treatmentAtrtificial injury to P. paradoxuswas inflicted by a razorblade,
with which two out of severaldozenflowerheadsvereremoved togethemwith the
edgeof a basalleaf surroundingthe floral stalk. In A. alliariae, artificial injury
was administeredy cuttingtwo pieces(35 x 10 mm) from the edgeof the leaf
with arazorbladeandpunchingahole (14 mm diameter)jn themiddle of theleaf
with acorkborer Eachplantwas usedonceasanundamageglantandonceafter
beingdamagedn wind-tunnelexperimentsandfor odorcollection.

Wind-Tunnel.ThePlexiglaswind-tunnel(0.6 x 0.6 x 1.8m)wassurrounded
by awhitetentto eliminatevisualdistractiorfor thebeetlesAir waspulledthrough
thetunnelat0.1m/secwith theuseof atubularductfan (RR 125C, Melios Venti-
latorenAG, Urdorf, Switzerland)andwas exhaustedutsidetheroom.A charcoal
impregnatedfabric cleanedthe air at the tunnelentrance Roomtemperaturén
the wind-tunnelfacility was 22—-23C and humidity around55% (for detailssee
Kalberer 2000).

ExperimentalProcedue. The assaywas designedasa dual-choicetestfor
walkingbeetlesTwo differentlytreatedpottedplantswereplaced).3mapartatthe
upwindendof thewind-tunnel A glassplate(1.5 x 0.5m)wasplacechorizontally
inthewind-tunneltaheightadjusteduchthatairfromthevolatile-emitting upper
plantpartswould passover it. Thedistancebetweerthe pointof beetlereleasenn
theglassplateandtheplantswas1 m. Theglaslatewascleanedvith 70%ethanol
after testing10 beetles Eachplant combinationwas replicatedfour timeswith



20beetleg10femalesand10males)perreplicate Replicationtook placeatinter-
valsof atleastoneweekwith differentplantsanddifferentbeetlesTheinsectavere
depried of foodfor atleast24 hr beforebeingtestedo promotetheiranemotactic
responségVisserandNielsen,1977; Miller and Strickler, 1984).Glassjars with
beetlesveretakenout of theincubator30 min beforeanexperimentandleft near
thewindtunneltoletthebeetlesacclimatizeo theexperimentatonditionsDetails
onthebehaior of thebeetlesn thewind tunnelaredescribedn Kalberer(2000).

Wind-TunnelExperiment&xcludingVisual Cues.To excludevisualcuesthe
plantswerenotputin thewind-tunnebut placedutsidehewhitecurtainsurround-
ing thewind tunnel.Compresseadir, humidifiedandpurified by a charcoafilter,
entereda heat-sealetlalophancookingbag(Kalle Nalo, WiesbadenGermary)
containingthe pottedplant. Teflontubesled the air enrichedwith plantodorsout
of thecookingbagandinto thewind tunnelthroughtwo holesattheupwindendof
thewind-tunnel.Theendsof thetubesweretapedvertically to theupwindedgeof
theglassplate.

PheiomoneTest.To testfor pheromonadttraction we placedeither10 over-
winteredmalesor 10 freshly emegedfemalesin a large meshmetallic cageand
releasedeetlesof the oppositesex. To establisha dual-choicetest,we hadtwo
cagespnewith beetlesandoneempty The experimentsvereconductedvith 20
beetlesandreplicatedfour times.

Collection of Plant \olatiles. Volatiles were collectedfrom potted plants
insideaclimatechambeiat 15°C, 50—-60%relative humidity, and35,000lux. The
plantswere placedinside odorlesspolyethyleneterephthalat€PET) Nalophan
cookingbags.Onebagopeningwas sealedbeforeusewith a heatsealer(TEW
ElectricHeatingEquipmentCo. Ltd., type TISH-400),the otherwas tied around
theplantstemwith aplastictie providedwith thebags Humidifiedandcharcoal-
filteredair enteredhe bagvia a Teflontubeat a rateof 1000ml/min. The Teflon
tubewas connectedo the bagsby a glasstube.The glasstubeenteredthe PET
bagandwasintroducedhroughascrev capcontaininga Teflon-coated-ring of
thesamediamete[6 mm; for detailsseeTurlingsetal. (1998)].

A volatilecollectiontrap,consistingof a10-cm-longx 6-mm-diameteglass
tubecontaining25 mg SuperQ adsorbenfasdescribedy HeathandManukian,
1992),was attachedo the PET bagin the sameway as theinlet glasstube.Air
was pulled throughthe collectiontrap in the bagvia Tygon tubing at a rate of
800 ml/min (Turlings et al., 1998).Volatileswere collectedfor 4 hr, afterwhich
eachtrapwasrinsedwith 150u| methylenehloride andinternalstandard$400ng
n-octaneand norylacetate)\were addedbeforeinjectionto a gaschromatograph
(GC). Six collectionspertreatmentveremade.

Plant\blatile AnalysisVolatileswereanalyzedvith aHewlett Packard6890
GCequippedvith anon-columninjectorandaflameionizationdetectorAliquots
of 3 ul wereinjectedontoa30 m x 0.25mm nonpolarcolumn(ECL,film thick-
ness)0.25um, Alltech Associates)precededy a 10-m x 0.25-mmdeactvated



retentiongap and a deactvated precolumn(30 cm x 0.53 mm, both Conn).
Helium was usedasthe carriergasat a flow rate of 24 cm/sec.The following
temperaturgorogramwas used:after a hold time of 3 min at 50°C, temperature
was linearly increasedtarateof 8°C/minto 230°C andheldfor 9.5min.

Data were collectedand processedvith ChemStationsoftware (Hewlett-
Packard).Themaincompoundsvereidentifiedby GC-MSanalysison a Hewlett-
Packard5973quadrupole-typenassselectve detector(transfedine temp:230°C,
sourcetemp: 230°C, quadrupoletemp: 150°C, ionization potential: 70 eV, and
scanrange50—400amu)coupledto thegaschromatograplescribedbove. The
compoundsvereidentifiedby comparisorof retentiontimesto thoseof commer
cially availablestandard$nonene g -phellandrenelimonene linalool and(E,E)
a-farnesenedndby comparisorof spectrdothoseof theWiley andNIST libraries.

Behavioal Respons#o Collected\olatiles. This experimentwas conducted
to testwhetherthe collectedvolatileselicit a behaioral responsén the beetles.
Sampleg50 ul each)containingthe volatiles collectedfrom healthyand artifi-
cially damagedA. alliariae plants,identicalto the onesusedfor injectionin the
gaschromatographwere offered on folded filter paperdiscs(90 mm diameter;
SchleichelandSchuell,DasselGermaty) placedontheglassplateatthe upwind
endof thewind-tunnel.No visual cuescould help the beetlesapproactthe odor
sourcein thewind-tunnel.

StatisticalAnalysis.Odor preference#n thewind-tunnelweretestedwith a
two-tailedbinomialtest,usingthetotal numberof beetlegshatmadea choicefor a
particularodor (e = 0.05)andpoolingthe dataof thefour replicatesTo analyze
thequantitatve differencesn theplantodorsemittedby undamagednddamaged
plants,we usedan ANOVA followed by a Bonferroni-Dunnversuscontrol (un-
damagedlant) posthoctest.Collectedodor datawerelog (X + 1) transformed
beforeanalysis.

RESULTS

ChoiceExperiments

Damaed vs. Undamaed PetasiteparadoxusFlowering State In cho-
ice experimentswith flowering P. paradoxus peetlesshoveda significantprefer
encefor plantsdamagedy overnightfeedingbeetlegFigure 1A, P < 0.001)and
by artificial damagehe previous evening(Figure1B, P < 0.01)over undamaged
plants.Therewasno differencen attractvenesdbetweerovernightdamageaused
by adult beetlesand overnightartificial damage(Figure 1C, P = 0.43).Beetles
werenot moreattractedo P. paradoxusplantsthathadbeendamagednly half
an hour beforethe experiment(shortterm attack)thanthey wereto undamaged
plants(FigurelD, P = 0.43).



P. paradoxus P. paradoxus ***
overnight damage

4
B
2_
‘;]‘) !
A
4 P paradoxus W P. paradoxus **
overnight artificial damage

Number of replicate

0 25 D)

4| P paradoxus ovemight [TTTATATTL]

artificial damage

P. paradoxus
overnight damage

P. paradoxus
short damage

Number of replicate

215.‘,,0....25
Choice of adult beetle (%)

Fic. 1. Choices ofOreina cacaliaein wind-tunnel experiments witlPetasites 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. Undamage@Adenostyles alliariaeYegetative State-reshly
damaged leaves &. 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? < 0.05). Freshly damageAl 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 PDs 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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Fic. 2. Choices ofOreina cacaliaein wind-tunnel experiments wittAdenostyles 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 CuesThe tube releasing odor collected from
an undamaged\. alliariae plant attracted significantly more beetles than the
tube releasing clean air (Figure 3R, < 0.05). Collected headspace volatiles
of a freshly damaged. alliariae leaf presented on a filter paper, attracted more
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Fic. 3. (A) Choice experiments without visual cues, where the host odor entered the wind-
tunnel from plants standing outside the wind-tunnel. Odor fAoralliariae plants attracted

more beetles than pure air. (B) Collected headspace volatiles from dardagdihriae

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. cacallzextles 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 pottadalliariae plants were added
at the upwind end of the wind-tunnel, beetles still did not discriminate between
the cage with conspecifics and the empty cagje-(0.4, data not shown).

Oreina cacaliae
in a cage

4-| empty cage

Number of replicate

Choice of adult beetle (%)

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 emptyRag8.G4).
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FiG. 5. Representative gas chromatographic profiles of headspace volatiles from undam-
aged, freshly damaged, overnight damaged and artificially overnight danRegasites
paradoxusplants. The bottom chromatogram shows the odor f@meina cacaliaebeetles.

Peak identities: (P fdPetasiteyPb, unknown; Pd, nonene; Bikphelandrene; 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 undamaeadoxuglower.

Analysis of Headspace Volatiles

Petasites paradoxuBlowering State Representative gas chromatograp-
hic profiles of headspace volatiles collected frBrparadoxuplants illustrate the
differences in volatile blends between undamaged and damaged plants (Figure 5).
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TABLE 1. DATA OF ANOVA TESTFOR COLLECTED PLANT ODOR COMPOUNDSOF
DAMAGED PLANTS COMPAREDWITH UNDAMAGED CONTROL PLANTS?

Compound MS F P
Petasites paradoxutowering
Unknown (Pb) 0.49 7.69 0.0013
Nonene (Pd) 1.16 7.8 0.0012
(E,B)-a-phellandrene (Pi) 5.81 11.7 0.0001
Limonene (PI) 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 alliariagegetative
(2)-3-Hexenol (a) 2.69 3.34 0.025
Unknown (b) 1.75 3.27 0.028
(2)-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
a-Humulene (k) 0.87 7.51 0.0004
Germacrene D (n) 0.48 3.61 0.019
(E,E)«w-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-
erpenax-phellandrene was emitted in large amounts by freshly damBgeata-
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 alliaria@/egetative StateRepresentative gas chromatograms
of headspace volatiles collected fraxalliariae 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 (khumulene (k), and germacrene D (n) than
did undamaged leaves (Table 1, Figure 6). Wherlliariae leaves were dam-
aged overnight by adults, they emitted additional volatiles sucl g8 fexenol
(a), @)-3-hexenyl acetate (c)E(E)-a-farnesene (p), and an unknown substance
(b). Inundamaged and overnight damagedilliariae more €,E)-a-farnesene (p)
is produced compared é&ehumulene (k) and germacrene D (n), whereas in freshly
damaged leaves (by adults, larvae, or artificially) marbumulene (k) and
germacrene D (n) are emitted comparedEd]-«-farnesene (p).
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FiG. 6. Representative gas chromatographic profileAdg#nostyles allliariacdheadspace
volatiles collected from leaves after various treatments. Treatments from top to bottom were:
undamaged\. alliariae leaf, a leaf freshly damage by ad@it cacaliaea leaf artificially
damaged with a razor blade, a leaf freshly damaged®byacaliaelarvae, and a leaf
damaged overnight b§. cacaliaeadults. Peak identities: aZ)-3-hexenol; b, unknown;

¢, (2)-3 hexenylacetate; e, linalool; h, dodecanokyumulene; n, germacrene D; and p,
(E,B)-«a-farnesene. IS1 and IS2 represent the internal standawdtane and nonyl acetate,
respectively. Asterisks indicate significant differences in the amount of an emitted substance
as compared to a undamagekdalliariae 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. cacaliaeandthe hostplantsP. paradoxus
andA. alliariae provide evidencethatthis alpineleaf beetleis moreattractedo
volatilesreleasedy damagedostplantsthanit is to undamagedhosts.Domek
and Johnson(1988) found that greenJunebeetlesfeedingon ripe peachattract
significantlymoreconspecificshandid ripe slicedfruit or beetlesalone,demon-
stratingthatbeetledeedingon a hostattractmoreconspecificshanthe presence
of hostplantsor conspecificalone.The attractionto a generalodor of wounded
plantscouldbeexcludedin anexperimentwvith Phyllotretacruciferae(Coleoptera:
Chrysomelidae)wherebeetlesnvereattractedo conspecificseedingon the host
plantoilseedrape but notto conspecifickeedingonthenonhostrambgPengand
Weiss,1992).0. cacaliaebeetlegespondedimilarly to insect(larvaeor adult)or
artificially damagedhostplants,shaving thatthevolatile blendemittedis solelya
resultof plantinjury andnot partof the odorsemittedby theinsectwhile feeding.

Evenin the absenceof ary visual cuescharacterizingts hostplantin the
wind tunnelO. cacaliaeapproachedhe hostplantodorinlet moreoftenthanthe
cleanair inlet. Neverthelessthe factthatfewer beetlesespondedn experiments
without visual cuesthanin trials in which plantswere placedin thewind tunnel
indicatesthatsomevisual cuesmight helpthe beetleso approacha plant.In the
field, therole of visualcuesin hostplantfinding behaior is clearlylessimportant
thantherole of odorcues(Kalberer 2000).

Pasteelset al. (1994)speculatean the existenceof a sexual pheromoneén
O. gloriosa basedon differencesn the compositionof defensie secretionpe-
tweenthe sexes (EggenbeagerandRowell-Rahier 1991,1993).We foundno evi-
dencdor asex pheromonén O. cacaliae Ourbeetlesveretransportedogethetin
apotfromthefield to thelab,andthey mayhavereleasedheirdefensie secretion
duringtransportwhich could have affectedtheir subsequemntesponseKeeping
thebeetlesseparatenayyield differentresults.

Short-or long-termattack respectiely, leadto anenhanceattractvenessn
onehostplantof O. cacaliaebut notin the other The springhostP. paradoxus
was moreattractve afterovernightdamagewheread\. alliariae hadanenhanced
attractvenesnly afterafreshattack,but lostthis enhancedttractvenesshours
later An enhanceattractvenesgor overnightdamageglantssimilarfor theone
on P. paradoxushadbeendescribedor the Japaneséeetleon crabappldeaves
whereovernightdamagedeaves attractmore beetlesshanundamagedeaves or
leaves with freshdamaggLoughrinetal., 1995).

Collectecheadspaceolatilesfromdamaged\. alliariae leavesweremoreat-
tractive to thebeetleghancollectedvolatilesfrom undamaged. alliariae leaves,
shaving that the compounddriggeringa responsen O. cacaliaehadbeencol-
lected. The compoundscollectedwere analyzedin orderto determinehow the
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compositiorof theodorblendchangedsaresultof herbivoreattack.Visseretal.
(1979)shovedthatfreshattackby Coloradopotatobeetlegesultsin theemission
of greenleafvolatilesfrom injuredplantcells. Thesevolatilesareemittedby most
plantspeciesafterdamageasa resultof the oxidative degradationof plantlipids
(VisserandAvé, 1978).The compoundg4Z)-3-hexenoland(2)-3-hexenyl acetate
thatwerereleasedrom damagedh. alliariae leaves aftera shortattackbelongto
this cateyory, neverthelesshey werealsoproducedafterovernightattack.Several
studieshave shovn thatthe productionof othervolatilesis inducedin the plant
following theattackby aherbivore(Turlingsetal., 1990,Takabayashétal., 1994)
andis theresultof active chemicalprocesse the plant (Paré and Tumlinson,
1997).Mono-andsesquiterpenebuilt via theisoprenoidpathway, belongto this
catgory andarethemostcommonvolatilesinducedby herbvoreattack(Paré and
Tumlinson,1997).Noneneg-phelandrendimoneneanderemophyleneyerethe
compoundemittedin higheramountsdby damaged. paradoxusplantscompared
to undamagedlants. After an overnightinfestationby beetlesaswell as after
artificial damagehepreviousevening,P. paradoxudlowersreleasedignificantly
morelimonenethanplantsthatwerelessattractve for thebeetleslt is temptingto
speculatehatthe enhancedttractvenesf overnightdamaged®. paradoxusis
dueto anincrease@mounif limonenen theemittedplantvolatiles.Nevertheless
it is risky to speculatehata singlecompoundevokestheobsenedresponsén the
beetle becausesereral studieshave shavn thatthe blend of odor componentss
crucial to provoke a certainbehaioral responsegVisserand Avé, 1978; Saxena
andGoyal, 1978).

Linalool, dodecanolg-humulene and germacrend werethe compounds
emittedin higheramountsby damagedA. alliariae leaves comparedo undam-
agedleaves.In freshlydamaged. alliariae leaves with enhancedttractveness,
morex-humuleneandgermacren® wereemittedcomparedo (E,E)-«-farnesene
whereasin the less attractve A. alliariae undamagedand overnight-damaged
plants,more (E,E)-a-farnesenavas emitted comparedo a-humuleneand ger
macreneD. This reverserelationshipbetweenthosesesquiterpenesight be re-
sponsiblefor the enhancedttractvenesof freshlydamagedi. alliariae leaves.

Most of the compoundghat we found after an attackof O. cacaliaein its
host plantshave beendescribedfor damagedhost plantsof other systemsFor
instancetheterpeng(E,B)-«-farnesenés releasedy damagedrabappleandby
Psyllainfestedpeartrees(Loughrinetal., 1995; Scutareanet al., 1997),(2)-3-
hexenyl acetatavasfoundto beassociatedith herbivoryin maize(Turlingsetal.,
1990),andthesesquiterpeng)-germacren® appear$o masktheattractveness
of undamageginetreesto Monochamusalternatus(ColeopteraCerambycidae)
(Yamasaketal., 1997).

Thefactthatdamagedhostplantsaremoreattractive thanundamageglants
may promoteaggreyationof O. cacaliaeon plantssuitablefor feedingandlarval
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developmentThedifferencan theattractvenes®f thetwo hostplantswith respect
to time sinceattackcorrespondsicely with field obsenationsof beetledensities
onplants.Dozensof beetleoftenfeedonasinglefloweringP. paradoxusplantin
spring,while only afew beetleg2—4) wereever obsenedon A. alliariae plants.
The long-lastingattractionof flowering P. paradoxusearly in the seasomrmay
facilitatematingin O. cacaliae It might be especiallyrewardingfor the females
to rematein springwith a malewho successfullyoverwintered,to increasethe
fitnessof their offspring (StevensandCaulgy, 1989).
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