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Abstract—Evidencefor theuseof defensivecompoundsfor sexualpurposesis
scarce,eventhoughsexualselectionmighthavesomeimportancefor theevolu-
tionof defensivetraits.Thisstudyinvestigatestheeffectof defense-relatedtraits
andbody sizeon matingsuccessin two sisterspeciesof leaf beetlediffering
in their typeof chemicaldefense.Oreinagloriosaproducesautogenouscarde-
nolides,whereasO. cacaliaesequesterspyrrolizidine alkaloidsfrom its food
plant.LargerO. gloriosamaleswith moretoxin or highertoxin concentration
hadamatingadvantage,likelyduetodirector indirectfemalechoice.In thelab-
oratory, particularpairingsrecurredrepeatedlyin this species,indicatingmate
fidelity. O. gloriosa femaleswerealsosubjectto sexual selection,possiblyby
malechoice,becauselargerfemalesandthosewith highertoxin concentration
matedmorereadilyandmoreoften.In O. cacaliae, in contrast,sexualselection
for toxicity andbodysizewasnotdetected,oratbestwasmuchweaker. Because
toxicity isheritablein O.gloriosabut environment-dependentin O.cacaliae, in-
dividualsof theformerspeciescouldbechoosingwell-defendedpartnerswith
“good genes.” Our studysuggeststhat sexual selectionmay contribute to the
maintenanceof heritabledefensive traits.
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INTRODUCTION

A wide varietyof insectspeciesexploit chemicaldefensesto protectthemselves
againstnaturalenemies(Euwetal.,1967;Brower,1984;Bowers,1992).Defensive
traitssuchastoxiccompoundsmostlikelyevolveinresponsetopredationpressure,
andmaybeconstrainedby variousphysiologicalparameters.An additionalmech-
anismselectingfor toxicity may ariseif individualsbenefitfrom matingwith a
well-defendedpartner. Someauthorshaveproposedthatdefensivesecretionsmay
have a directpheromonaleffect, provided thatglandsarenot sealedandvolatile
compoundscandiffuse(Attygalle et al., 1991;Eggenberger andRowell-Rahier,
1993a).In otherspecies,defensivecompoundshavebeenshown to beprecursors
of sexual pheromones(Trigo andBrown, 1990;Dussourdet al., 1991;Amano
et al., 1999).Toxicity may be a reliabletrait for assessingoverall matequality,
asit is costly (Zahavi, 1975;Pasteelset al., 1990;Bowers,1992;Anderssonand
Iwasa,1996).However, evidencefor the useof defensive compoundsfor sex-
ualpurposesin insectsin mostcasesconcernsplant-derived compounds(Nishida
andFukami,1990;Trigo andBrown, 1990;Dussourdet al., 1991;Amanoet al.,
1999).Sexual selectionfor defensive compoundsmayoccurwhenindividualsof
thechoosingsex benefitfrom this choice.This is thecasewith themothUteth-
eisaornatrix (Dussourdet al., 1991),wherefemaleschoosemalesadvertisinga
toxin-richspermatophore,anuptialgift thatfemalesuseto defendtheiroffspring.
In turnip sawflies, moredistastefulfemales(i.e., containinggreateramountsof
diterpenes)havegreatermatingsuccess(Amanoetal.,1999),whichmayindicate
malechoicefor toxic females.Clearly, moreevidenceis neededto evaluatethe
roleof sexual selectionin theevolutionof chemicaldefenses.

Two fundamentallydifferent meansof chemicaldefenseoccur within the
alpine leaf beetlegenusOreina Chevrolat (Coleoptera,Chrysomelidae).Some
species,likeO.gloriosa,defendthemselvesbysynthesizingcardenolides(autoge-
nousdefense:Van Oyckeet al., 1987;EggenbergerandRowell-Rahier, 1993a,b).
Other species,like O. cacaliae, are defendedby pyrrolizidine alkaloids(PAs)
acquiredfrom their food-plant,which they storein defensive glands(toxin se-
questration:Rowell-Rahieret al., 1991;Pasteelset al., 1992).Oreinacacaliaeis,
thus,dependenton its food-plantfor defenseagainstpredators.In neitherspecies
aredefensivecompoundsprovidedto offspringby theirmother(Eggenbergerand
Rowell-Rahier, 1992;DoblerandRowell-Rahier, 1994).However, in O. gloriosa,
theconcentrationof 8 out of 16 cardenolidesin thedefensive secretionis herita-
ble (h2 = ca.0.5, EggenbergerandRowell-Rahier, 1992),andthesecomponents
accountfor 31% of the total intrapopulationvariation.Defensive capability is,
therefore,at leastpartlygeneticallydetermined.Thus,in this species,thereis the
potentialfor selectionfor “goodgenes”to operate(Andersson,1994),andtoxicity
maybethebasisfor matechoiceif detectableby thepartner. Indeed,anindivid-
ual that choosesa well-defendedpartnerwould be favoredby naturalselection
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becausethis enhancesthe survival of its offspring throughhigher resistanceto
predators.In contrast,thiswouldbelesslikely in sequesteringspeciessuchasO.
cacaliae, wheretoxicity is primarily relatedto hostplantcontentof PAs (Isman,
1977;Ismanet al., 1977;Brower et al., 1984;Bowers,1992).Toxicity will also
be influencedby foragingor physiologicalconversioncapacity, so mayserve as
anindicatorof “good genes,” but nothingis known abouttheheritability of these
traits.

Here,we investigatesexual selectionin thesetwo leaf beetlespeciesin the
laboratoryandthefield,usingmodernstandardizedmethodsfor quantifyingsexual
selection(LandeandArnold,1983;ArnoldandWade,1984a,b;Brodieetal.,1995).
In additionto the defensive traits of toxin volumeandconcentration(which are
physiologicaltraitsrarelyassessedin thesexualselectioncontext; Kingsolveretal.,
2001),bodysizewasalsoanalyzedbecauseit hasbeenshowntoaffectmatechoice
in many species(Andersson,1994;Bonduriansky, 2001).Although supposedly
rare and poorly documented(Andersson,1994),male choicefor femalesmay
occurwhenmalesarein someway limited in their numberof matings,or if the
quality of their matesstrongly influencestheir fitness.This may be the casein
toxic insects,so we specificallyinvestigatethis possibility. Lastly, we provide a
generaldescriptionof thematingbehavior of bothspecies.

MATERIALS AND METHODS

CollectionofBeetles.LaboratoryExperiment.Thisexperimentwasdesigned
to recordthematingpatternfor eachindividual O. gloriosaandO. cacaliae. For
both species,we collected60 adultsof eachsex. O. cacaliaewas samplednear
La Fouly in the Val Ferret(Valais,SwissAlps, 45.56N, 7.05 E, alt. 1500 m)
in early May 2000,whenindividualsemerge from the ground,dig out from the
snow, andstart feedingon Petasitesparadoxus(Asteraceae).Individualsof this
speciesweresexed usingtheirsexually dimorphictarsi(LohseandLuche,1994).
O. gloriosawassampledin SaasGrund(Valais,SwissAlps, 46.08N, 7.57E, alt.
1800m) at thebeginningof June2000,whenthey startfeedingon Peucedanum
ostruthium (Apiaceae).As sexual dimorphismof tarsi doesnot occur in this
species,beetlesweresexed usingbodyweight.Previousstudieshavedocumented
the weight distribution of both sexes, femalesbeing heavier than males(mean
weightandstandarddeviationof femalesandmales,respectively, 0.094± 0.013g
and0.067± 0.006g ). Weavoidedusingindividualsweighingbetween0.077and
0.091g. Beetleslighter than0.077g weretakenasmales,andthoseheavier than
0.091gasfemales.In anotherexperimentin whichsex couldbecheckedbecause
femaleslarviposited,thismethodproducedonly a2% errorrate.To minimizedis-
turbanceduringtransportation,beetlesalongwith leaves of their food-plantwere
placedin plaster-bottomedboxeswith highhumidity.
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Field Sampling. An instantsamplingwas performedin order to document
thematingpatternof bothspeciesin thefield. Adult beetleswerecollectedat the
samesitesanddatesasfor the laboratoryexperiment.Two categoriesof beetles
werecollectedfor eachspecies:matingcouples(N = 31 in O. gloriosa, N = 25
in O. cacaliae), andbeetlesthatwerenot matingat the time (31 beetlesof each
sex in O. gloriosa, 25 in O. cacaliae). The samplingdatescorrespondto their
peakmatingtime in thefield. We collectedbeetlesthatwereactive (feedingand
mating)ontheleavesof theirfoodplants,whichshouldrepresentarandomsample
of theindividualsin thepopulationactiveat thetime,asinspectionon theground
underthe food plantsrevealedthe presenceof few beetlesandno mating.The
sex ratio in thefield is typically male-biased,with up to 84%of individualsbeing
males(Kalbereret al., unpublisheddata).Eachmatingpair andsinglebeetlewas
carefully placedinto a separatevial to minimize disturbancewhile transporting
themto the laboratory. All vials wereplaster-bottomedto ensurehigh humidity,
and provided with a fresh pieceof the food-plant.Field-sampledbeetleswere
milkedfor theirdefensivesecretionwithin 24hr afterarrival in thelaboratory(see
below). All beetleswerereleasedat their respective field sitesat the endof the
experiment.

ExperimentalProcedure. Thelaboratoryexperimentlastedfrom1to30June,
2000,for O. gloriosa, andfrom 3 to 30 May, 2000,for O. cacaliae. Thesedates
correspondto the matingperiod in the field, as indicatedby field observations
from theprevious4 years(Knoll, KalbererandNessi,unpublisheddata).For each
species,weplaced30malesand30femalesin eachof two 30-×50-cmtrays.This
approximatelyreflectsthenaturaldensityonplantpatchesin thefield.Beetleswere
individually markedwith correctionfluid (Tipp-Ex)andbeelabelson theelytrae.
Defensive secretionsandweightsof all individualsweretaken within 2 daysat
theendof theexperiment.Theholdingtrayshadwet filter paperat thebottomto
ensurehumidity, andwereplacedin the laboratoryat room temperature(range:
19–25◦C), away from directsunlight.Freshfood-plantswereprovidedevery day
for foodandshelter.

We recordedevery matingby inspectionevery 4 hr (point sampling)over
the entireperiodof the experiment.As preliminaryobservationsindicatedthat
matingslast on average6 hr in both species,we wereconfidentthat nearlyall
copulationswere observed. After six nights of observation, we confirmedthat
nocturnalcopulationsarerare(only onematingwas observed);hence,no survey
was donebetween11 p.m. and6 a.m.Eachmatingpair was carefully removed
from the tray andkept in a vial until thepartnersseparated.Afterwards,beetles
werereleasedinto thetraysin orderto keepinsectdensityapproximatelyconstant
in both trays.At the endof the experiment,eachbeetlethat survived (62% of
O. gloriosa and48% of O. cacaliae) wasweighedandmilked for its defensive
secretionsasdescribedbelow. As every copulationwas recorded,chronological
orderof matingandthe total numberof copulationscouldbedeterminedfor all
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individuals,allowing usto correlatethesematingattributesto themeasuredtraits.
To estimatethedurationof thedifferentphasesof mating,12 matingpairsof O.
gloriosaand13 of O. cacaliaewereobservedevery hour for thedurationof the
mating.

Measurementof DefensiveSecretions. Defensive secretionswerecollected
by holdingthebeetleunderthemicroscopeandgently tappingits pronotumand
elytraewith fineforcepsuntil dropsof secretionappearedfromtheglandopenings.
Thestimuluswasappliedaslongasdefensiveliquid couldbeemitted.Dropswere
collectedwith a calibratedglasscapillary, and the volume of the secretion(as
representedby theheightof theliquid in thecapillarytube)was measuredwith a
graduatedlenson themicroscope.Eachsecretionwas storedindividually in 150
µl of methanolin thefreezer. Beetleswereweighedto thenearest10−4g.

SamplePreparationandChromatographicAnalysisof Cardenolides.A pre-
liminary trial revealedthat the spectrophotometricmethoddescribedby Dobler
and Rowell-Rahier(1994) is not sensitive enoughto analyzeindividual secre-
tions.Thus,thesampleswerepreparedandtheconcentrationof totalcardenolides
in the secretionsof O. gloriosa determinedusing reverse-phasehigh pressure
liquid chromatography(HPLC) asdescribedby EggenbergerandRowell-Rahier
(1993b),usingaVarianStarchromatographyworkstationsystemwith automated
injection.Weusedouabain(Sigma)asaninternalstandard,andconcentrationsare
expressedasµg equiv. ouabain/µl. Theminimumdetectedvaluewas0.95µg/µl
of secretion,andthestandarddeviationequalled0.7%of themean.

SamplePreparation and Chromatographic Analysisof PAs. Sampleswere
prepared,and the concentrationof total PAs in the secretionsof O. cacaliae
determined,usingcapillary gaschromatography(GC) asdescribedby Rowell-
Rahieret al. (1991),usinga HP1-MS 30-m× 0.025-mm× 0.25-µm column,
andsenecioninasexternalstandard.Concentrationsareexpressedasµg equiv.
senecionin/µl. The minimum detectedvaluewas 0.01µg/µl, and the standard
deviation equalled6.4% of the mean.Gaschromatographycoupledwith mass
spectrometry(GC/MS)was usedto confirmthatthepeakscorrespondedto PAs.

StatisticalAnalysis.Sexual selectionwas quantifiedby calculatinguni- and
multivariatelinearandquadraticselectioncoefficients(or gradients)usingregres-
sion, following LandeandArnold (1983)andArnold andWade(1984a,b).For
eachsample,we producedstandardizedz-scoresfor all measuredtraits (body
weight, toxin concentration,and secretionvolume) by subtractingthe sample
meanfrom eachvalue and dividing the differenceby the standarddeviation:
zi = (xi − x̄)/SDx. For thefield data,weestimatedtheeffectof all traitsonpair-
ing success(yesor no) andon assortative matinggiven pairing.Relative pairing
success(i.e., relative fitnesswi = Wi /w̄) of malesandfemaleswas calculatedas
absolutepairingsuccess(1 or 0) dividedby anestimateof theoperationalsex ratio
[(i.e., meanfitness:BrodieandJanzen(1996)].Becauseof thecomplex structure
of habitat,the operationalsex ratio could not be reliably estimatedin the field
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at the time of sampling.We, therefore,obtainedan estimateof the proportions
of pairedandunpairedmalesandfemalesfrom the laboratoryexperiment.This
estimatewas calculatedas the averageproportionsdeterminedat 9 point sam-
ples in time correspondingto the first 9 daysof the experiment.We usedthe
univariatemodelsof relative fitnesson standardizedbody sizew = c+ β1z to
estimatethe linear (β1) andw = c+ β ′1z+ (γ1/2)z2 to estimatethe quadratic
(γ1) coefficients. The resulting coefficients β1 and γ1 are the linear and non-
linear (quadratic)selectiondifferentials,reflecting the combinedeffects of di-
rect andindirect selectionon body size(Endler, 1986;Brodie et al., 1995).We
usedthecorrespondingtrivariatemodelsw = c+ β2,bwzbw+ β2,tcztc for the lin-
ear(β2, j ) andw = c+ β ′2,bwzbw+ (γ2,bw/2)z2

bw+ β ′2,tvzt + (γ2,tv/2)z2
tc+ γ2,tcz2

tc
for the quadratic(γ2, j ) coefficients,wherethe subscriptsbw, tv, andtc refer to
bodyweight,secretionvolume,andtoxin concentration,respectively. Thesecoef-
ficientsarethemultivariatelinearandnonlinearselectiongradients(Brodieetal.,
1995).Thedifferenceof theregressioncoefficientsfrom a slopeof zero(thenull
hypothesisof no selection)was testedfor eachspecies,wherebyfor the binary
field data,least-squaresregressionwas usedto derive the estimate,but logistic
regressionwas usedto test for significance(Brodie et al., 1995;Blanckenhorn
etal.,1999).Assortativemating(homogamy)with regardto all traitswasassessed
by analogouslyregressingtherelative trait valuein onesex on thez-standardized
trait valuein theother. Sincefecundityis typically positively correlatedwith body
size in insects(Honek,1993),femalesizeestimatesmalereproductive success.
Analogousmodelswereusedin the laboratoryexperiment,usingtwo measures
of matingsuccessreflectingdifferentselectionepisodes,separatelyfor eachsex.
Relative fitnesswi = Wi /w̄ was computedas(1) thetotal numberof matingsof
an individual dividedby themeannumberof matings(which werethesamefor
bothsexesbecausethesex ratioin thelaboratorycageswasunity);and(2) therank
orderof thefirst matingof anindividual,reflectingtimeto first mating,dividedby
themeanrankof all matingsthatoccurredduringtheentireexperiment(reflecting
multiplematingsof many individuals).Assortativematingwasnotassessedin the
laboratory, asmostbeetlesthatmatealsomultiply. Althoughthereweretwo repli-
catepopulationcagesfor eachspecies,all selectioncoefficientswerecalculated
for bothdatasetscombinedbecausetheestimatesdid not differ significantly. All
measuredtraitsweresquare-root–transformedto fit modelassumptions.

Mate Fidelity and RandomMating Simulation.From the results,we sus-
pectedthatmatingswerenotrandomin O.gloriosa, becausecertaincombinations
of partnerswereobservedseveraltimes.In orderto seeif this patternmight have
arisenunderrandommating,we performeda simulationusingtheS-PLUS2000
software.Theprogramdisplayedtwo lists of 182randomlychosennumbers(be-
causetherewereanaverageof 182matingspertray)rangingfrom1to30(because
eachtray contained30 individualsof eachsex). Eachlist representedbeetlesof
onesex, andmatingeventswererepresentedby thetwo numbersonthesameline.
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FIG. 1. Observed and calculated numbers of occurrences of repeated mating with a par-
ticular partner one to four times. ForO. gloriosa, calculated numbers were obtained by a
simulation assuming random mating. Note that standard errors of theoretical means are too
small to be visualized on the figure.

The program then scored the number of “pairings” (i.e., combinations) occurring
once, twice, or more often. We repeated this simulation 300 times, and recorded
the mean numbers of expected matings in each category, and their standard errors
(Figure 1). A goodness-of-fit Chi-square test was performed to see if the differ-
ences between observed and calculated values were significant. For this test, we
used only two categories (“once the same partner” and “more than once”) because
the expected values were too small in the other categories.

RESULTS

Field Study.Our field sample consisted of 31 and 25 mating pairs, and 31 and
25 single beetles of each sex forO. gloriosaandO. cacaliae,respectively. Because
of technical problems, there are some missing values for the concentration mea-
surements (Table 1). Toxin volume and concentration were negatively correlated in
O. gloriosa(R= −0.30, P < 0.05), whereas all other traits were uncorrelated. In
O. cacaliae, weight and toxin concentration were positively correlated (R= 0.33,
P < 0.01), and volume and concentration negatively (R= −0.58, P < 0.001).

In O. gloriosa, large males and those with large toxin volumes had a mating
advantage, whereas toxin concentration did not influence pairing success (Table 1).
These effects were independent, as uni- and multivariate selection differentials
were congruent. Furthermore, males and females paired assortatively with regard
to body weight and toxin concentration, but not toxin volume (Table 1). Therefore,
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all threetraitspositively affectedmalematingsuccessin O. gloriosa. Asidefrom
theassortative mating,which is reciprocal(however, maleandfemaleestimates
of coursevaryquantitatively),andanegativemultivariatelinearselectiongradient
for toxin volume,femalematingsuccessappearedrandomwith regardto all traits
(Table1).

In O. cacaliaemales,sexual selectiondifferentialsfor pairingsuccesswere
qualitatively similar to thosein O. gloriosa, but lower andnonsignificant,per-
hapsbecauseof the lower samplesize(i.e., theretendedto be a positive effect
of body weight and toxin volume on mating success;Table 1). Therewas no
assortativemating.Toxin volumenegatively affectedthematingsuccessof O. ca-
caliae females,but this was not significantin themultivariateanalysis(Table1).
So again,sexual selectionon femaleswith regardto the threetraits was largely
absent,whereassexual selectionon malebodyweightandtoxin volumemaybe
present.Non-linearselectiondifferentialswerelargelynon-significantandarenot
presentedin Table1.

LaboratoryStudy. General MatingBehavior.Meanpairingdurationwassim-
ilar in bothspecies(6.1± 2.8 hr and6.7± 2.4 hr in O. gloriosaandO. cacaliae,
respectively). Wecoulddistinguishtwo phases:truecopulation,duringwhich the
malecopulatoryorganwasfully insertedinto thefemale’s reproductive tract,and
“guarding,” duringwhich themaleclingsontothefemale’sbackbut no intromis-
sion occurs.The durationof thesetwo pairing phaseswas different in the two
species:in O. gloriosa truecopulationusuallylastedlessthan1 hr (lessthan10
min on average),whereasin O. cacaliaeall matingtime consistedof truecopu-
lation.Althoughtheswitchbetweencopulationandguardingwas observedonly
onceout of the12 matingsobserved,we think that theguardingphaseoccurred
aftertruecopulation.Neitherof thetwo speciesshowedany apparentcourtship.In
bothspecies,malesoftentriedto matewith femalesthatwererunningaway. Most
of the time theseunwilling femalesweresuccessfulin escaping.Direct contest
for accessto mateswas not evident in malesor females.Althoughin somecases
potentialmalecompetitorsapproacheda matingpair andevenclimbedonto the
backof themalealreadyin place,thisnever causedthecurrentpairingto end.All
thissuggestsamatingsystemof malescramblecompetitionfor accessto females,
combinedwith somesortof (director indirect) femalechoice(Andersson,1994;
Roweetal., 1994;Wiley andPoston,1996).

Sexual Selection.We observeda total of 384matingsin O. gloriosaand77
in O. cacaliaeduring the laboratoryexperiment.Again, the toxin concentration
samplesizewas reducedbecauseof technicalproblems.In O. gloriosa, all males
matedandonly3%of thefemalesdidnot,whereasin O.cacaliae,28%of malesand
59%of femalesremainedunmated.Theestimatedaverageproportionof beetles
matingat any point in time was 9% for O. gloriosaand6% for O. cacaliae. This
suggeststhatO. cacaliaemight be lessactive overall (at leastin the laboratory)
thanO. gloriosa.
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Therewerenosignificantphenotypiccorrelationsamongthethreetraitsin the
laboratoryexperiment.In contrastto thefield data,bodyweightandtoxin volume
hadnoeffectonthenumberororderof matingin O.gloriosamales(Table2).Only
toxin concentrationpositively affectedmatingorder, i.e.,maleswith highconcen-
trationmatedfirst(Table2).Furthermore,femaleswith highertoxinconcentrations
matedmoreoften,andheavier femalesmatedsooner(Table2).

In O. cacaliae, therewereno significanteffectsof any of thethreetraitson
thenumberandorderof matingin the laboratory(Table2). Nonlinearselection
coefficientswerenonsignificantandarenotpresented.

MateFidelityandRandomMatingSimulation.Rematingwith thesamepart-
nerwasneverobservedin O.cacaliae. InO.gloriosa, repeatedpairingsof thesame
two partnersmadeup21%(82of 384)of all pairingsobserved(Figure.1). There
were 12 matesthat rematedthreetimes,and 4 matesthat rematedfour times.
(Notethatin thefigurethesenumbersweredividedby 2 to representthesituation
in only oneof thetwo trays.)Our simulationshowedthatwewouldexpectfewer
rematingsunderrandommating(χ2 = 32.01,df= 1, P < 0.001;Figure.1).

DISCUSSION

Our studysuggeststhatdefensive toxinsandbodysizeplay a role in sexual
selectionin O.gloriosa, aspeciesthatautogenouslyproducestoxins(Eggenberger
andRowell-Rahier, 1992).Sexualselectiononphysiologicaltraitsin general,and
on toxic defensivecompoundsin particular, is rarelydocumentedin theliterature
(e.g.,Kingsolveretal., 2001).Althoughfield andlab resultsarenotentirelycon-
gruent,sexual selectionapparentlyactson maleO. gloriosa: larger maleswith
eithergreatersecretionvolume(field) or highertoxin concentration(laboratory)
haveamatingadvantage.Thisispossiblyduetodirect(active) or indirect(passive)
femalechoice(Roweetal., 1994;cf. Wiley andPoston,1996).

Moreover, thereareindicationsthatO.gloriosafemalesaresubjectto sexual
selectionaswell, perhapsby malechoice,aslarger femalesmatedmorereadily
andthosewith highertoxinconcentrationmoreoften.Malesmightcompetefor the
largestreceptive females,which typically have higherfecundityin many insects
(Honek,1993).Additionally,sincetoxicity isheritablein thisspecies(Eggenberger
andRowell-Rahier, 1992),individualscould increasethe chancesof survival of
their offspringby choosingwell-defendedpartnerswith “good genes.” Although
poorlydocumented,malechoicefor femaleshasbeenshown to operatein numer-
ousspecies(Waring-Wilde,1996;CunninghamandBirkhead,1998;Amanoetal.,
1999;GwynneandBailey, 1999;Bonduriansky, 2001).Althoughmalechoiceis in
theorymorelikely to operatewhentheOSRis balancedor evenfemale-biased(as
is rarein naturebut wasthecasein our labexperiment),theOSRdoesnot in any
straightforward way predictobserved differencesin choosiness(Bonduriansky,
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2001).However, reportsof malematepreferencesareprimarily from speciesand
situationswith balancedor female-biasedsex ratios,especiallywhenmalesare
limited in thenumberof copulationsthey canperform,whenmalesdonothaveto
investa lot in searchingfor females(asoccursin gregariousinsectslike Oreina)
and thereis amplechoice,and when thereis large variation in femalequality
(which is thecasein O. gloriosa). Furthermore,in Oreinaspp.,toxinsarecostly
to produce/sequester(for bothsexes),andmatingmight becostly (e.g.,in terms
of predation)evenfor males.All theseconditionstogethermaylimit thenumber
of femalepartnersa malecantypically obtainin a season,potentiallyselecting
for male(in additionto female)choicebasedon toxicity. Additionally, in thelab-
oratoryexperiment,particularpairingsrecurredrepeatedlyin O. gloriosa, clearly
indicatingnonrandommatefidelity. Contraryto thelaboratoryexperiment,sexual
selectionon femaleswas largely absentin the field sample,wheremore pro-
nouncedmale–malescramblecompetitionmay have primarily favoredlarge,fit
malesandrenderedmatechoicefor toxicity secondary. However, theevidencefor
malechoicein the lab experimentremainsweak,andtherearealternative inter-
pretationspossible,includinga labartifact.

In O.cacaliae, in contrast,whichsequestertheirtoxinsfromtheirfoodplants
(Rowell-Rahieret al., 1991;Pasteelset al., 1992),suchselectionis absentor at
leastmuchweaker. The smallersamplesfor this specieslimit the interpretation
of thedata,asthefield estimatesof sexual selectionin O. cacaliaewereroughly
similar to thoseof O.gloriosa,albeitabit lower(Table1).Resultsfor O.cacaliae
shouldbe regardedaspreliminary. However, sexual selectionfor “good genes”
would not necessarilybeexpectedin O. cacaliae, in which toxin sequestrationis
highly dependenton thePA contentof their hostplants(cf. Isman,1977;Isman
etal.,1977;Broweretal.,1984;Bowers,1992).First,becausetoxin sequestration
isoftenthoughttobelesscostlythandenovosynthesis(eventhoughthisisdifficult
to show: Pasteelsetal.,1990;Bowers,1992),matechoicefor toxicity maybeless
likely toevolveinO.cacaliaethanO.gloriosa. Second,eventhoughphysiological
sequesteringefficiency or food-plantchoicemightalsobeheritable,environmental
variationshouldbelargein comparison.Indeed,in O. cacaliae, toxicity was not
consistentover sevensamplingsin a 6-weekexperiment(Labeyrie, unpublished
data).Nevertheless,mostotherexamplesof sexual selectionin relationto chem-
ical defenseconcernsequesteringspecies(NishidaandFukami,1990;Trigo and
Brown, 1990;Dussourdet al., 1991;Amanoet al., 1999).In thesestudies,this
couldbeassociatedwith spermatophoresofferedby malesto females,which do
notoccurin our leafbeetles.

Meanpairingdurationwas long (ca.6 hr) andapproximatelysimilar in both
species.However, in O. gloriosa, actualintromission(asopposedto guarding)
durationwas much shorter(< 1 hr) than in O. cacaliae, whereit lastsfor the
whole time. We also found that O. cacaliaematedmuch less frequently than
O. gloriosa, althoughwe have no dataon differentialactivity ratesof malesor
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femalesfor eitherspecies.It is possiblethat thesedifferencesin copulationfre-
quency anddurationbetweenthetwo speciesarerelated,suggestingmoresexual
conflict in O. cacaliae(cf. Rowe et al., 1994).Copulationdurationis typically
correlatedwith inseminationandfertilizationratesand/orspermatophoresize(He
and Tsubaki,1992; Birkheadand Møller, 1998; Micholitsch et al., 2000), al-
thoughgenital contactdoesnot always imply that spermare being transferred
(Rubenstein,1989).Longercopulationsarealsooftenindicativeof greatersperm
competitionand should lead to fasterspermdepletion.Everything else being
equal, this shouldallow O. gloriosa malesto matemore often than malesof
O. cacaliae.

Thefieldandlaboratoryobservationsrevealedthatfemalesoftensuccessfully
avoid matingsby runningaway. As thereappearsto benocourtship,andfemales
show no otherrejectionbehavior (suchasshaking;e.g.,Rowe et al., 1994),this
would be their primary expressionof matechoice.However, the useof aerial
or contactpheromonesfor sexual attractionis not inconceivable in leaf beetles
(EdwardsandSeabrook,1997;Shuet al., 1999;Rutheret al., 2000).For toxicity
to serve in matechoice,somesuchcue is necessarythat individuals may use
for assessingtoxicity of potentialmates.As far as we couldobserve, thebeetles
only emit their defensive liquid whendisturbedby a predator, andnot whenthey
mate.Thismakesit unlikely thattoxin concentrationis directlyassessedby mates
beforeor duringmating.However, asdefenseglandsareunderneuralregulation
(Schooneveld et al., 1992), it is possiblethat small amountsof secretionsare
releasedfrom the glandsin a sexual context as a (contact)pheromone(Trigo
andBrown, 1990;Attygalle et al., 1991;Dussourdet al., 1991;Eggenbergerand
Rowell-Rahier, 1993;Amanoet al., 1999).We have no direct evidencefor this
processin Oreina leafbeetles.

In this study, the meansecretionvolume differed betweenthe field sam-
ple and the lab experiment.This is most likely due to different physicalcon-
ditions, including air humidity, water availability, and temperature.Indeed,the
lab air humidity (ca. 60%) was considerablylower than in the field. Beetles
may have beenlimited by the quantity of liquid available for producinglarge
volumesof secretionandconsequentlymay have reducedthe volumeproduced
to a threshold(40–43%of the volume in the field) necessaryfor effective de-
fense.This couldexplain why no effect of secretionvolumewas detectedin the
laboratory.

In conclusion,reciprocalmaleandfemalechoicefor well-defended,in addi-
tion to large,partnerscanto somedegreeexplain thematingpatternsobservedin
O. gloriosa, but probablynot in O. cacaliae. Even thoughtheexactmechanism
andsignalsinvolved in sexual selectionarecurrentlyunclear, thestudysuggests
thatsexual selectionmaycontributeto themaintenance,althoughnot necessarily
the origin, of defensive traits in the leaf beetleO. gloriosa andprobablyother
speciesaswell.
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