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Abstract

Studiesasking the ability of insectsto utilize novel host plants oftenuse novel hosts that are allopatric with the
insectpopulation underinvestigation.However, sincetheoutcomesof speciesinteractionsareoftensite-specific,
such studiescannottell uswhethera plantwould actually beusedby a given insectpopulation if theplantgrew
sympatrically with it. We therefore performeda quantitative genetics experiment to analyse the performanceof
larvaeof the leafbeetleOreina elongata Suffrian (Coleoptera:Chrysomelidae,Chrysomelinae)on two host and
threenon-host plants, collectedfrom asite whereinsectsandplantsco-occurin theWesternAlps. Whenraisedon
thenon-host Petasitesalbus(L.), larvaewereableto surviveequally well asonthetwo hosts, Adenostylesallia riae
(Gouan)andCirsium spinosissimum (L.), whereasthey did not survive on the two other non-hosts, Peucedanum
ostruthium (L.) andRumex alpinus L. On P. albus, growth ratewasslightly lower and development time slightly
longerthanon the two hosts. We founda genotypeby environmentinteraction only for growth rate but not for
developmenttimeandsurvival. However, theshapeof thereaction normsof growth ratessuggeststhatit isunlikely
thatselection could favour the inclusionof P. albus into thehost rangeof thestudypopulation.

Intr oduction

The vast majority of phytophagousinsects are spe-
cialised in their use of only few host plant species,
mainly belonging to the samefamily. In this context,
the physiology of insects and plants is obviously a
very important selective factor in shaping host plant
usesincephytophagousinsectsmust beadaptedto di-
gest plant nutrientsand to deal with plant defensive
secondarycompounds. However, severalexamplesare
known of insectspeciesthatusearangeof host plants
that is actually narrower than the rangeof plants on
which thephysiologyalonewould allow larvae to de-
velop and survive (e.g., Wiklund, 1975; Kibota &
Courtney, 1991; Futuyma et al., 1994, 1995; more
referencesin Fox & Lalonde, 1993). On one hand,
ecologicalfactors, such as naturalenemies, compe-
tition or meteorological adversities may concur to
restrict an insect’s host range(Futuyma& Peterson,
1985;Dennoetal., 1990;Jaenike,1990).On theother
hand, ovipositing femalesmaynot accept, or maynot

beattractedto, thechemicalor visual stimuli of some
of theplantson which their larvaemightperformwell
(Jaenike, 1985;Fox & Lalonde,1993).Whenlarvae
arepreadapted to grow andsurviveon awidernumber
of plants thanthoseactually used,thena species’ host
rangemight expandif females oviposited by mistake
onapotentialhost notnormallyutilised(Feeny, 1991;
Jaenike & Papaj, 1992; Larsson & Ekbom, 1995).
Moreover, if adults showed fidelity to the novel host
on which they developedas larvae, then a new host-
specific insect race could potentially evolve (Wood
et al., 1999). Oviposition mistakes are well docu-
mented for lepidopteransand gall makers, the adults
of which are very mobileandfly aroundsearching for
plantpatchesfor suitablehosts (referencesin Larsson
& Ekbom,1995).In addition,mistakesaremorelikely
if females that carry high egg loadsendup on novel
plants that arechemically similar to thenormalhosts
(Jaenike,1990).

Studiesmeasuring insect survival and growth on
novel hosts are often performedusing either labora-
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tory insectcultures or novel hosts that are allopatric
with the studied insect population (e.g., Kibota &
Courtney, 1991;Futuymaet al., 1994,1995;Thomp-
son, 1996;Gratton& Welter, 1998;Lazarevic et al.,
1998; Panizzi & Oliveira, 1998). Although studies
have shown that insectscanbe preadaptedto live on
anovel host, the failure to explicitly testsympatric in-
sectsandplantscomplicatesany inferenceconcerning
whethertheseinsectswouldactually usethenovel host
if it co-occurred with the normal host in nature. This
is an important point since it is now recognizedthat
theoutcomeof the interactionbetweentwo speciesis
often site-specific (Thompson,1994).

It hasbeenpostulated that an insect’s physiolog-
ical specialisation on one or few host plants should
be favouredby the existenceof trade-offs of larval
performanceamonghosts (seeRausher, 1988,1992;
Via, 1990;Jaenike, 1990).Such trade-offs should be
linked to negativegeneticcorrelationsof larval fitness
traits across hosts, favouring the evolution of host-
specialised genotypesthat could theoretically leadto
speciation (see Via, 1990; Jaenike, 1990).However,
negativeacross-host genetic correlationsof larval per-
formancetraitshave rarelybeenfound(e.g.,recently
Uenoetal.,1997;Keese,1998;Lazarevic etal.,1998;
discussed in, amongothers, Rausher, 1988, 1992;
Jaenike, 1990;Via, 1990;Thompson, 1994;Joshi &
Thompson, 1995; Fry, 1996). Recently, it has been
proposedthatnegativegenetic correlationsmaynotbe
necessary for host specialisation to evolve, but that a
significantstatistical interactionof larval performance
traits betweeninsect genotypesand host plant could
suffice(Fry, 1996).

In thisstudy, wecomparedthelarval performances
of different genotypes (families) of the specialised
leaf beetle Oreina elongata Suffrian (Coleoptera:
Chrysomelidae,Chrysomelinae)on two of its normal
hosts andthreenon-host plant species. All the beetle
genotypesandplantscamefrom thesamesite. Oneof
thethreenon-host plants isahost to an Oreina species
that is closely relatedto O. elongata, the secondone
is host to a phylogenetically moredistantOreina and
the third oneis not used by any beetle in this genus.
Our goals were: (1) to test whetherthenon-useof the
threesympatricnon-hosts is dueto an inability of O.
elongata larvae to survive and grow on theseplants
and(2) to infer whether there is a potential for host
rangeevolution throughgenotypeby host interactions
onperformancetraits.

Materialsand methods

Studyorganisms. Oreina elongata feedsandoviposits
on two host plants that belong to differenttribesof
the family Asteraceae.Adenostylesallia riae (Gouan)
is characterisedby large (up to about300mm broad)
heart-shaped,smoothleaves thatcontainpyrrolizidine
alkaloids(PAs), whichcanbesequesteredby O. elon-
gata larvaeandadultsandused as chemicaldefences
against natural enemies(Dobler & Rowell-Rahier,
1994a).Thesecondhost plant, Cirsiumspinosissimum
(L.), hasstrongly dentate (up to about 200 mm long
and 60 mm broad) hairy and spiny leaves and does
not containany secondarymetabolitesthat could be
used by the beetle for chemical defence(Dobler &
Rowell-Rahier, 1994a).However, those O. elongata
thatlivein siteswhereA.allia riae is absentcanrelyon
anendogenoussynthesis of cardenolidesasdefensive
compounds(Dobler & Rowell-Rahier, 1994a).Some
populationsof O. elongata inhabitplaceswhereonly
oneof the two host plants is present andotherslive in
the presenceof both plants (Dobler & Rowell-Rahier,
1994b;Dobleret al., 1996;Pasteelset al., 1996).

All threeof the non-host plants tested grow on the
site of the population studied, in the Western Alps
(seebelow). Patchesof eachof the non-hosts canbe
found betweenzeroand only few meters away from
colonised patchesof both normalhosts. We tested the
following non-hosts: (1) Petasitesalbus (L.) (Aster-
aceae)doesnotcontainany PAs (Pasteelset al., 1996)
andhaslargeroundandsmooth leaves thatverymuch
resemble the leaves of A. allia riae. In other loca-
tions, P. albus is usedasa host by O. speciosissima, a
speciesthat is phylogenetically very close to O. elon-
gata (Dobler et al., 1996; Hsiao & Pasteels, 1999).
(2) Peucedanumostruthium(L.) (Apiaceae),a species
which is host of the phylogenetically more distant
O. gloriosa (Dobler et al., 1996; Hsiao & Pasteels,
1999).This is a plantwithoutPAs but its leavescon-
tain furanocoumarins. In our study area,O. gloriosa
is present at very low densities (P. Ballabeni & D.
Conconi, personal observations). (3) Rumex alpinus
L. (Polygonaceae)is notahost for any Oreina species
but isabundantin ourstudysitewhereit servesashost
for anotherchrysomelid beetle, Gastrophysa viridula
(Chrysomelinae)(DeGeer).

Studypopulation. Thepopulation studied is located
in the western Alps, on the pass of the Petit Saint-
Bernard,at the borderbetweenthe Frenchregion of
Savoie and the Italian region of Valléed’Aoste. The
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pass lies at 2188 meters elevation and is therefore
above the tree line. Wintersare severe andsummers
short. Oreinaelongata is mainly activein July and Au-
gust. Adultsemergefrom overwinteringin theground
and start mating betweenthe end of June and mid
July, before the snow hascompletely melted. Eggs
arelaid until the beginningof August whentheadults
disappear either because they die or because they
hide, probably in their overwintering sites. A mark-
recapturestudy suggests that at least onefifth of the
adults undergo two consecutive reproductive seasons
(D. Conconi, unpubl.).

At the study site, O. elongata shows a strong
oviposition preference for C. spinosissimum, proba-
bly because its eggssurvive betteron this plant than
on A. allia riae (P. Ballabeni, D. Conconi, S. Gateff
& M. Rahier, unpubl.). However, O. elongata only
oviposits on those C. spinosissimum plants that grow
in very closeproximity to A.allia riae, this latter being
the plant that allows faster larval growth underlabo-
ratory conditions(Ballabeni & Rahier, 2000). In the
laboratory, larvaehave the highest survival whenthey
feedonamixtureof both plants. Moreover, at thefield
site, high numbersof larvaemove from C. spinosis-
simum to A. allia riae during theseason (P. Ballabeni,
D. Conconi, S. Gateff & M. Rahier, unpubl.; Ballabeni
& Rahier, 2000).

Experimental design. Weusedasib design to testthe
effects of diet and insect genotype on larval perfor-
mance. We producedten larval families from gravid
females we collected in the field in July 1997. The
femaleswerecollectedfrom largeplantpatches, con-
taining both host species. Femaleswere individually
kept in transparent, round plastic boxes of 90 mm
diameter by 50 mm height wherethey wereallowed
to lay eggs. To provide necessary humidity, the bot-
tom of eachbox was coveredwith a moistenedchalk
layer, between5 and 10 mm thick. The chalk was
covered with a roundfilter paperof the samediam-
eter as the box. We distributed the boxes randomly
on a shelf in the experimental room. We fed females
simultaneously with both A. allia riaeandC. spinosis-
simum collectedfrom thefield site andrenewedfood
every threedays. Both the production of the exper-
imental families and the experiment were performed
in a building at thefield site. Theexperimental room
was not heatedand the temperaturefluctuatedbe-
tween7 and 17◦C, values that lie within the range
of natural daily temperature fluctuations in the field.
Realistictemperature fluctuations canbe very impor-

tant for experiments involving life-history parameters
(Brakefield & Mazzotta,1995).

Onceeggswerelaid, they weretransferredto Petri-
dishes of 60 mm diameter containing a moistened
chalk floor layered with a filter paper. EachPetri-dish
containedbetweenoneandfive eggs. Whenthe first
egg inside a Petri-dish hatched, the other eggswere
discardedandtheeclosedlarvawasusedfor theexper-
iment.Thus, eachlarvawasrearedindividually inside
aPetri-dish.For every family, tenlarvaewereassigned
to the A. allia riae diet, ten to C. spinosissimum, five
to P. albus, five to P. ostruthium andfive to R. alpi-
nus. These differencesin family size weredueto the
factthattheA. allia riaeandtheC. spinosissimumdiet
levels were also part of another, larger experiment
and that available spaceand time did not allow for
an equally large family size for the five plants (Bal-
labeni & Rahier, 2000). Petri dishes were randomly
distributedon shelvesin thesameroom in which their
mothershad laid eggs. Larvae were fed ad libitum
accordingto the diet they were randomlyassigned,
wherebythe food was changedevery two daysafter
beingcollectedfrom thefield on thesameday.

We checked the larvae daily for mortality and de-
velopmental stage. We weighed the larvae on the
hatchingdayandonedayafter their third moult, when
theexperimentwasstopped.Thethird moult is thelast
oneO. elongata undergoesbeforepupation.Weended
theexperimentat thethird moultbecause it is notpos-
sible to make O. elongata successfully pupate under
laboratory conditions. We did not weigh thelarvaeon
the exact day of the third moult becausemoulting is
accompaniedby waterlosses.

For eachlarva, we registered the following per-
formancecharacters: survival (surviving or not to the
third moult), growth rate(mg of weight increaseper
day from hatchingto third moult) and development
time (numberof daysfrom hatching to third moult).

Statistical analyses. The effects of the genotype
(family), environment(diet) and their interactionon
eachperformancecharacterwere tested with mixed-
modelanalyses of variance(ANOVA). The genotype
and the interaction were considered randomeffects
andtheenvironmenta fixedeffect. Giventhat theex-
perimental design was unbalanced,we used theGLM
procedure(generallinearmodels) of the SAS statis-
tical package,with type III sums of squares(SAS
Institute, 1989; Potvin, 1993). For the analyses, the
binarysurvival datawerecodedas0 (larvadiedbefore
third moult) or 1 (larva survived to third moult), fol-
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Figure 1. Effect of diet on the proportion of larvae that survived
until third themoult. Error bars show standard errors.

Table1. ANOVA for larval survival to third moult

Sourceof variation df MS F-value P

Family 9 0.1957 2.02 0.060

Diet 4 12.1761 125.91 <0.001

Family × diet 36 0.0967 0.98 0.511

Error 300 0.0990

lowingstandardpractice(Falconer, 1989;Roff, 1997).
Growthratesanddevelopment timesweretransformed
by their natural logarithm to meet model assump-
tions(Sokal & Rohlf, 1995).Thecodedsurvival data
remaineduntransformed(Roff, 1997).

Results

Diet hada highly significant influenceon larval sur-
vival between eclosion and third moult (Table 1).
Larvaesurvived equally well on the two host plants
A. allia riaeandC. spinosissimumandon thenon-host
plant P. albus but could not survive on the other two
non-hostsP. ostruthiumandR.alpinus(Figure1). The
latter two plantswerenot eatenby the larvae,which
diedwithin a few daysafter eclosion. Theinteraction
betweenfamily and diet was not significant, imply-
ing that therewas no genetic variation for phenotypic
plasticityon survival (Table 1).

Growth rate could be analysed only for larvae
raised on A. allia riae, C. spinosissimum and P. al-

Table 2. ANOVA for larval growth rate to third moult. Data
were ln-transformed for analysis

Sourceof variation df MS F-value P

Family 9 0.1342 1.52 0.211

Diet 2 3.0319 34.13 <0.001

Family × diet 18 0.0910 2.02 0.011

Error 173 0.0451

Figure 2. Family-diet interaction for larval growth rate. Each line
connectsthemeanvaluesfor sibs feddifferentdietsin asplit-family
design andtherefore representsthe family’ s reactionnorm. Means
were calculatedon ln-transormedvaluesandthentransformedback
to mg/d units.

bus, giventhe100%mortality of the larvae rearedon
the two other plants. The interaction betweenfamily
and diet significantly affectedgrowth rate (Table2).
Hence,thereactionnormsfor growth ratesignificantly
crossed, i.e., the insectfamilies had different perfor-
mancerankson the differentdiets. Once again, diet
hada strongly significanteffect (Table 2). The larvae
rearedon A. allia riae grew fastest, the onesraised on
C. spinosissimum at an intermediate rate, and those
raisedonP. albusslowest (Figure2).

Diet hada significanteffecton larval development
time (Table 3). Development time was shortest for
larvaerearedon A. allia riae, intermediate for larvae
fed on C. spinosissimum andlongest for larvae fedon
P. albus (Figure3). As was the case for survival, no
significant interactionwasdetectedbetweendiet and
developmenttime (Table3).
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Table 3. ANOVA for larval development time to third
moult. Data were ln-transformed for analysis

Family 9 0.0138 1.36 0.267

Diet 2 0.1635 16.19 <0.001

Family × diet 18 0.0101 1.00 0.461

Error 176 0.0101

Figure 3. Effect of diet on the time larvae neededto develop be-
tweeneclosion and third moult. Error bars show standard errors.
Means and standard errors were calculated on the ln-transformed
valuesandthentransformedbackto day-units.

Discussion

Our results show that larvaeof O. elongata from Petit
Saint-Bernardareable to surviveand grow on P.albus.
However, thisplant, which isabundantatourfield site
and elsewhere, is never used by the beetlein nature
(Dobler& Rowell-Rahier, 1994b;Dobleret al., 1996;
Pasteelset al., 1996).In contrast, larvaewerenot able
to feedandsurviveonP. ostruthiumor R.alpinus.

Why is P. albus not used as a host plant by
O. elongata?We canseek,on oneside,proximateex-
planations relatedto the behaviour of the ovipositing
females and, on the other side, ultimate explana-
tions related to natural selection acting on eggs or
larvae(seereferencesin Fox & Lalonde,1993).These
two classesof explanations are not mutually exclu-
sive. Among the first group of explanations, plant
apparency, phenology, abundance,and reliability as
well as the sensorial interactionsbetweeninsect and
plant canbe mentioned(Fox & Lalonde,1993).We
canexcludethefirst four reasons, because P. albus is
notlessapparentthanthetwo normalhostsof O. elon-
gata, and has a comparableabundance,reliability,
and phenology to the two normal hosts. However,

we do not know whether the chemical signals emit-
ted by P. albus fail to attract ovipositing femalesof
O. elongata.

It is well established that selection throughnat-
ural enemies can oppose the use of suitable plants
(e.g.,Denno et al., 1990;Feder, 1995;Keese, 1997;
Rank et al., 1998). Thus, P. albus may not be used
by O. elongata in the wild because it doesnot pro-
vide either the advantagesof sequestrable defensive
compoundsor those of a protective leaf anatomy. In
the populationstudied,the ovipositing beetlesseeka
very close spatial proximity betweenA. allia riae and
C. spinosissimum, whereby thefirst plant allowsfaster
larval growth andprovidessequestrable PAs andthe
secondone allows a higher egg survival (Ballabeni
& Rahier, 2000; P. Ballabeni, D. Conconi, S. Gat-
eff & M. Rahier, unpubl.). If O. elongata maximises
its fitness by ovipositing on the plant which max-
imisesegg survival, close to theplant thatmaximises
larval performancesandprovideschemicaldefenses,
then the use of P. albus would be maladaptive. It
would be interesting to know whether P. albus would
be used as a host if A. allia riae or C. spinosissi-
mum or both plants disappearedfrom thesite. But we
know of no O. elongata population that uses P. al-
bus, independently of thepresenceor absenceof either
A. allia riae or C. spinosissimum. It should be kept
in mind, however, that in our study we could not
follow larval developmentuntil pupation. We cannot
excludethat, in nature,P. albus is avoidedbecause it
might lacksomenutrientthatis important to complete
developmentbeyondthe pupalstage.

An important experimental componentof the
present study was the sympatry betweenthe beetle
andP.albus. Severalstudiesshowing thatinsectlarvae
wereableto surviveandgrow onnon-host plantswere
performed using plants and insectsfrom allopatric
populations(e.g.,several of thenon-hosts in Wiklund,
1975;Kibota& Courtney, 1991;Futuymaet al., 1994;
Thompson, 1996). Explicitly stating the geographic
origin of both the plants and the insects tested in an
experiment is very important since the outcomesof
the interactionbetweena given insect speciesand a
given plant speciescanvary geographically (Thomp-
son, 1994). Relatively simple plant genetic mecha-
nisms cansufficeto cause such geographicvariations
(e.g.Nielsen,1996;Linhart& Thompson,1999).For
instance, the flea beetle Phyllotreta nemorum uses
threespeciesof Barbarea (Brassicaceae)ashosts in
Denmark (Nielsen, 1996). Only certain populations
of the most commonof the threeplants, B. vulgaris,
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areused as hosts by the beetle sincemost B. vulgaris
populationsaretoxic to P. nemorum. However, some
beetle populations live on B. vulgaris that are toxic
to beetlesfrom other sites.A small number of insect
genesis responsible for this pattern of resistanceand
susceptibility (Nielsen, 1996).Thus, the fact that an
allopatricplantisan acceptedhost underexperimental
conditionsdoesnot necessarily meanthat it would be
usedby a sympatric insectpopulation in nature.

Phylogenetic considerationsmay help explaining
why O. elongata is able to survive on P. albus but
not on P. ostruthium. In several locations, P. albus is
host to O. speciosissima, which, together with O. ca-
caliae, is thespeciesthat isphylogenetically closest to
O. elongata (Dobler et al., 1996; Hsiao & Pasteels,
1999). Oreina elongata or its immediate ancestor
might thereforehave used P. albus in the past,which
could explain why larvaeof O. elongata are able to
surviveon P. albus. In contrast, P. ostruthiumcontains
furanocoumarins, defensive chemicals thatare photo-
activeand toxic to insects (Berenbaum,1978).Within
the genusOreina, only O. gloriosa hasevolvedstrict
specialisation on P. ostruthium. Larvae of this beetle
are active at night, a possible adaptation to circum-
vent the plant chemical defenses(L. Nessi, unpubl.).
Oreina gloriosa belongs, together with a few other
speciesthatacceptP. ostruthiumasa foodplant, to a
cladethatisphylogenetically distantfrom O. elongata
(Dobler et al., 1996; Hsiao & Pasteels, 1999). This
cladehas evolved feedingon P. ostruthium after its
separationfrom thecladethathasleadto O. elongata
(Dobler et al., 1996). Since R. alpinusbelongsto a
family that is never used as a host by the genusOr-
eina, it isnotsurprisingthatit wasnotacceptedin our
experiment.

Growth rate was the only performancetrait for
which we found an interaction between genotype
(family ) and environment (diet). This interaction sug-
gests that there is the potential for the evolution of
host-specialised genotypeswithin the study popula-
tion (Via, 1990; Fry, 1996). A look at the reaction
norms of growth rate shows that each family per-
formedbetter on A. allia riae thanon P. albusandthat
only onefamily performedbetter on P. albus thanon
C. spinosissimum. Thus, even if we consider growth
rate alone, it seems that there is only little room for
selection to favour specialisation on P. albus, in spite
of thegenotypeby environmentinteraction.
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