Published in Entomologia Experimentalis et Applicata 97, issue 2, 175-181, 2000 1
which should be used for any reference to this work

Performanceof led beele larvae on sympatric host and non-host plants

Pierluigi Ballabeni & Martine Rahier

Laboratoire d’Ecologie Animaleet Entomolaie, Inditut de Zoologie, Université de Neudatel, CH-2007Neucha-
tel, Switzerland

Key words larval performancetrade-of, reacton norms hod rangeevolution,leafbeete, Oreina, Chrysomeldae

Abstract

Studiesasking the ability of insectsto utilize novel host plants often use novel hosts that are allopatric with the
insectpopubtion underinvedigation. However, sincethe outtomesof specesinteracionsareoftensite-speciic,
such studiescannottell uswhethera plantwould actualy be used by a giveninsectpopuhton if the plantgrew
sympatrically with it. We therefore performed a quantitative genetics experiment to analyse the performance of
larvaeof the leaf beetleOreina elongat Suffrian (Coleoptera:Chrysomelidae,Chrysomelinae)on two hog and
threenon-hos plants, colleciedfrom asite whereinsecs and plant co-occurin the Western Alps. Whenraisedon
the non-hos Petasitesalbus (L.), larvae wereable to survive equaly well asonthe two hogs, Aderostylesalliariae
(Gouan)andCirsium spinogssimum (L.), whereaghey did not survive on the two other non-hoss, Peucedanum
ogruthium (L.) andRumex alpinus L. On P. albus, growth ratewasslightly lower and developmert time dlightly
longerthanon the two hods. We founda genotpe by ervironmentinteracton only for growth rate but not for
developmentime and survival. However, the shapeof thereacton normsof growth rates suggessthatit isunlikely

that selecion could favourthe inclusion of P. albusinto the hog rangeof the study popuktion.

Introduction

The vag majority of phytophagousnsecs are spe-
cialised in their use of only few hod plant species
mainly belonging to the samefamily. In this context,
the physology of insect and plant is obvioudy a
very important selecive facbr in shaping hog plant
use sincephytophagousnsects mug be adapedto di-
ges plant nutrientsandto deal with plant defensve
secondanccompoundsHowever, severalexampksare
known of insectspeciesthat use arangeof hog plants
that is acualy narrover thanthe rangeof plants on
which the phydology alonewould allow larvae to de-
velop and survive (e.g., Wiklund, 1975; Kibota &
Courtney, 1991; Futuymaet a., 1994, 1995; more
referencedn Fox & Lalonde, 1993). On one hand,
ecologicalfactors such as naturalenemies compe-
tition or meteaological adversities may concur to
regrict an insects hod range(Futuymaé& Peterson,
1985;Dennoetal., 1990;Jaenke, 1990).0n theother
hand, ovipositing femalesnay not accep, or may not

be attractedo, the chemicalor visual stimuli of some
of the plants on which their larvae might performwell
(Jaenke, 1985; Fox & Lalonde,1993). Whenlarvae
arepreadaped to grow and survive on awidernumber
of plansthanthos acualy used,thena species hog
rangemight expandif femalks ovipodted by mistake
onapotentialhog notnormallyutilised (Feery, 1991;
Jaenke & Papaj, 1992; Larsson & Ekbom, 1995).
Moreover, if adults showed fidelity to the novel host
on which they developedas larvae, thena new hog-
specific insect race could potentially evolve (Wood
et al.,, 1999). Ovipostion mistakes are well docu-
mened for lepidoperansand gal malers, the aduts
of which are very mobile andfly aroundsearching for
plantpatchedor suitablehods (referencedn Larsson
& Ekbom,1995).In addition, mistakesaremorelik ely
if femaks that carry high egg loadsendup on novel
plant that arechemtally similar to the normalhods
(Jaenke, 1990).

Studiesmeasiring insect survival and growth on
novel hods are often performedusng either labora-



tory insectcultures or novel hosts that are allopatric

with the studied insect populton (e.g., Kibota &

Courtney, 1991; Futuymaet al., 1994,1995; Thomp-
son, 1996; Gratton& Welter, 1998; Lazareic etal.,

1998; Panizzi & Oliveira, 1998). Although studies
have shown thatinsectscanbe preadaptedo live on

anovel host, the failure to explicitly testsympatricin-

sectsand plantscomplicatesary inferenceconcerning
whethertheeinsecswould acualy usthenovel hog

if it co-occured with the normal host in nature. This

is animportant point sinceit is now recognkedthat
the outcomeof the interactionbetweentwo speciesis

often site-specfic (Thomp®n,1994).

It hasbeenpogulated thatan insects physolog-
ical specialisation on one or few hog plants should
be favouredby the existenceof trade-ofs of larval
performanceamonghods (see Rausher, 1988,1992;
Via, 1990; Jaenke, 1990). Such trade-ofs should be
linked to negative geretic correlations of larval fithess
traits acros hogs, favouring the evolution of hog-
specialised genoypesthat could theoretcaly leadto
speciation (see Via, 1990; Jaenke, 1990). However,
negaive acros-hog genetc correbtionsof larval per
formancetraits have rarely beenfound (e.g.,recently
Uenoetal., 1997;Kee®, 1998;Lazareic etal., 1998;
discussed in, amongothers Rauder, 1988, 1992;
Jaenke, 1990; Via, 1990; Thomp®n, 1994; Joshi &
Thomp®n, 1995; Fry, 1996). Recently it has been
propo®dthatnegaive genetc correbtionsmaynotbe
necesary for hog specialistionto evolve, but thata
significantstatigical interactionof larval performance
traits betveeninsect genoypesand hog plant could
suffice (Fry, 1996).

In this study, we comparedhelarval performances
of different gerotypes (families) of the specialised
leaf beetle Oreina elongat Suffrian (Coleoptera:
Chrysamelidae, Chrysamelinae)on two of its normal
hods andthreenon-hos plant species All the beete
genoypesand plans camefrom the samesite. One of
thethreenon-hos$plantsisahog to an Oreina species
thatis closely relatedto O. elongat, the secondone
is hod to a phylogeneicaly moredistant Oreina and
the third oneis not used by ary beete in this genus
Our goak were: (1) to test whetherthe non-u of the
threesympatricnon-hoss is dueto aninability of O.
elongat larvaeto survive and grow on theseplants
and (2) to infer wheter thereis a potenial for hog
rangeevolution throughgenoypeby hod interactons
on performancdraits.

Materials and methods

Sudyorganisms. Oreina elongat feedsand oviposts
on two hod plants that belong to differenttribes of
the family AsteraceaeAderostylesalliariae (Gouan)
is characerised by large (up to about300 mm broad)
heart-fiaped smoothleaves thatcontainpyrrolizidine
alkaloids(PAs), which canbe sequegeredby O. elon-
gata larvaeandadultsandused as chemicaldefences
agains$ natural enemies(Dobler & Rowell-Rahier,
1994a) Thesecondhod plant, Cirsium spinogssimum
(L.), hasstrongly dentate (up to about 200 mm long
and 60 mm broad) hairy and spiny leaves and does
not containany secondarymetaboliteshat could be
usd by the beete for chemral defence(Dobler &
Rowell-Rahier, 1994a).However, thoe O. elongat
thatlivein siteswhere A. alliariaeis abentcanrely on
anendogenousynthess of cardenadldesasdefensve
compoundgDobler & Rowell-Rahier, 1994a).Some
popubtionsof O. elongat inhabit placeswhereonly
oneof the two hog plantsis present andotherslivein
the presenceof both plants (Dobler & Rowell-Rahier,
1994b;Dobleretal., 1996;Pasteek et al., 1996).

All threeof the non-hos plants tesed grow on the
site of the popubton studied, in the Western Alps
(seebelow). Patchesof eachof the non-hoss canbe
found betweenzeroand only few meers away from
colonised patchesof both normalhogs. We teged the
following non-hoss: (1) Petasitesalbus (L.) (Aster
aceaejloesnotcontainany PAs (Pasteelset al., 1996)
andhaslarge roundandsmoot leaves thatvery much
resenble the leaves of A. alliariae. In other loca-
tions P. albusis usedasahod by O. speciosissimg a
speciesthatis phylogeneitcally very close to O. elon-
gata (Dobler et al., 1996; Hsiao & Pasteek, 1999).
(2) Peucedanunmogruthium(L.) (Apiaceae)a species
which is hod of the phylogeneicaly more distant
O. gloriosa (Dobler et al., 1996; Hsiao & Pasteek,
1999).This is a plantwithout PAs but its leavescon-
tain furanocoumanis. In our study area,O. gloriosa
is preset at very low densities (P. Ballakeni & D.
Conconj peronal observationy. (3) Rumex alpinus
L. (Polygonaceaeis notahog for any Oreina species
but isabundantin our study site whereit servesashog
for another chrysomeld beete, Gastrophys viridula
(Chrysomeinae)(De Geer).

Sudypopubtion. The popubtion studiedis locaked
in the westen Alps, on the pass of the Petit Sairt-
Bernard, at the borderbetweenthe Frenchregion of
Savoie ard the Italian region of Valléed' Aoste. The



pas lies a 2188 meters elevation and is therefore
above the treeline. Wintersare severe and summers
short Oreinaelongatis mainly activein July and Au-

gud. Adultsemepgefrom overwinteringin the ground
and start mating betweenthe end of June and mid

July, beforethe snow hascompletely melted. Eggs
arelaid until the beginning of Augug whenthe aduts

disappear either becaus they die or becaus they

hide, probaby in their overwintering sites. A mark-

recapturestudy suggess that at leas onefifth of the
aduts undego two congcuive reproducive sea®ns
(D. Conconj unpubl).

At the study site, O. elongatr shows a strong
oviposition preference for C. spnosissimum, proba-
bly becaus its eggssurvive betteron this plant than
on A. alliariae (P. Ballabeni D. Conconj S. Gateff
& M. Rahier, unpubl). However, O. elongat only
oviposts onthose C. spinosissimum plarts that grow
in very close proximity to A. alliariae, thislater being
the plant that allows faster larval growth underlabo-
ratory condtions (Ballabeni & Rahier, 2000).In the
laborabry, larvaehave the highes survival whenthey
feedonamixture of both plants. Moreover, atthefield
site, high numbersof larvae move from C. spinoss-
simunto A. alliariae during the sea®n (P. Ballabeni,
D. Conconi S. Gateff & M. Rahier, unpubl; Ballabeni
& Rahier, 2000).

Expeimental desgn. Weusedasib designtotestthe
effects of diet and insect genoype on larval perfor
mance. We producedten larval families from gravid
femaks we colleced in the field in July 1997. The
femaleswerecollectedfrom large plantpatches con-
taining both hod species Femakswere individualy
kept in trangarent round plagic boxes of 90 mm
diameer by 50 mm height where they were allowed
to lay eggs To provide necesary humidity, the bot-
tom of eachbox was coveredwith a moistenedchalk
layer, betwveen5 and 10 mm thick. The chak was
covered with a roundfilter paperof the samediam-
eter as the box. We distributed the boxes randomy
on a sheff in the experimentl room. We fed femaks
simultaneoudly with both A. alliariae andC. spinods-
simum collectedfrom thefield site andrenaved food
every threedays Both the producton of the exper
imertal families and the experiment were performed
in a building at the field site. The experimenal room
was not heatedand the temperaturefluctuatedbe-
tween7 and 17°C, vauesthat lie within the rarge
of natural daily tenperature fluctuations in the field.
Realistictemperature fluctuations canbe very impor-

tant for experimensinvolving life-history paramegrs
(Brakefield & Mazzotta1995).

Onceeggswerelaid, they weretrangerredto Petri-
dishes of 60 mm diameer containing a moistened
chalk floor layered with afilter paper. EachPeti-dish
contained betweenoneandfive eggs Whenthe first
egg indde a Petri-dish hathed, the other eggs were
discardedindthe eclosedlarvawasusedfor theexper
iment. Thus eachlarvawasrearedndividually inside
aPetri-dish. For every family, tenlarvaewereassigned
to the A. alliariae diet, tento C. spinosssimum, five
to P. albus, five to P. ogruthium andfive to R. alpi-
nus Thes differencesn family size weredueto the
factthatthe A. alliariae andthe C. spnosissimun diet
levels were also part of anoher, larger experiment
ard that available spaceard time did not allow for
an equaly large family sizefor the five plants (Bal-
labeni & Rahier, 2000). Petri disheswere randomy/
distiibutedon shelvesin the same room in which their
mothershad laid eggs Larvae were fed ad libitum
accordingto the diet they were randomly assigned,
wherebythe food was changedevery two days after
beingcollectedfrom thefield onthe sameday.

We checked the larvae daily for mortality and de-
velopmendl stage. We weighed the larvae on the
hathingdayand onedayaftertheir third moul, when
the experimentwas stopped.Thethird moult isthelast
oneO. elongat undegoesheforepupaton. We ended
theexperimentatthethird moultbecaugit is notpos
sible to make O. elongat succesfully pupae under
laborabry condiions We did notweigh the larvaeon
the exactday of the third moult becawse moulting is
accompanietby waterlosses.

For eachlarva, we registeredthe following per
formancecharacterssurvival (surviving or notto the
third moult), growth rate (mg of weight increaseper
day from hatchingto third moult) and development
time (numberof daysfrom hatching to third moutt).

Sutigtical analyses The effecs of the genoype
(family), ervironment(diet) and their interactionon
eachperformancecharactemwere teded with mixed-
modelanalyses of variance (ANOVA). The genotpe
and the interacion were conddered random effects
andthe ernvironmenta fixed effect. Giventhatthe ex-

perimentl desgn was unbabnced,we used the GLM

procedure(generallinear modek) of the SAS dtatis-

tical package,with type Il sums of squares(SAS
Ingtitute, 1989; Potvin, 1993). For the analyss, the
binarysurvival datawere codedas O (larvadiedbefore
third moult) or 1 (larva survived to third mout), fol-



& T T
i T T
; 0.8 T
oy
S
=
3 06-
g
.: 04_
Fi
c
o
e 024
-9
O T T T T T
& & & G
& & § N N
$ & N § R
N ) . N \
N g 8 8 -
¥ $ § &
& ],
CJ. .
Diet

Figure 1. Effect of diet on the proportion of larvee that survived
until third the moult. Error bars show standad enors.

Tablel. ANOVA for larval survival to third moult

Sourceof variation  df MS F-value P

Family 9 0.1957 2.02 0.060
Diet 4 121761 12591 <0.001
Family x diet 36 0.0967 0.98 0511
Error 300 0.0990

lowingstandardoracice (Falconer, 1989;Roff, 1997).
Growth ratesand developmert timeswere trarsformed
by their natural logarthm to meet model assump-
tions(Sokal & Rohlf, 1995).The codedsurvival data
remaneduntrangormed(Roff, 1997).

Results

Diet hada highly significantinfluenceon larval sur-
vival between ecloson and third moult (Table 1).
Larvae survived equaly well on the two hog plants
A. alliariaeandC. spinosissimum andon thenon-hos
plant P. albus but could not survive on the other two
non-hossP. ogruthiumandR. alpinus(Figurel). The
latter two plantswere not eatenby the larvae, which
diedwithin afew daysafter ecloson. Theinteracton
betwveenfamily and diet was not significant imply-
ing thattherewas no genetc variation for phenoypic
plasticityon survival (Tabe 1).

Growth rate could be analysed only for larvae
raised on A. alliariae, C. spnosissimun and P. al-

Table 2. ANOVA for larval growth rate to third moult. Data
were In-transformed for andysis

Sourceof variation  df MS F-value P
Family 9 01342 152 0.211
Diet 2 3.0319 3413 <0.001
Family x diet 18 0.0910 2.02 0.011
Error 173 0.0451
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Figure 2. Family-diet interaction for larval growth rate. Eachline
connectghe meanvaluesfor sibs feddifferentdietsin asplit-family
desgn andtherfore representsthe famly’ s reactionnorm. Means

were calculatedon In-transrmed valuesandthentransormed back
to mg/d units

bus, giventhe 100%mortality of the larvae rearedon
the two other plants. The interaction betweenfamily

and diet significantly affectedgrowth rate (Table 2).
Hencethereactiommormsfor growth ratesignificantly
crossed i.e., the insectfamilies had different perfor-

mancerankson the differentdiets. Once agan, diet
hada strongly significanteffect(Table 2). The larvae
rearedon A. alliariae grew fasteg, the onesraised on

C. spinosissimum at an intermedate rate, and those
raisedon P. albus sloweg (Figure2).

Diethada significanteffecton larval development
time (Table 3). Developmert time was shortest for
larvaerearedon A. alliariae, intermedate for larvae
fed on C. spinosissimum andlonges for larvae fedon
P. albus (Figure 3). As was the ca® for survival, no
significantinteractionwas detectecbetweendiet and
developmenttime (Table 3).



Table 3. ANOVA for laval developrent time to third
moult. Data were In-transformed for andysis

Family 9 0.0138 1.36 0.267
Diet 2 01635 1619 <0.001
Family x diet 18 0.0101 1.00 0461
Error 176 0.0101
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Figure 3. Effect of diet on the time larvae neededto develop be-
tween ecloson and third moult. Error bars show standad emors.
Means and standad errors were calculated on the In-transformed
vauesandthentrangormedbackto day-units

Discussian

Our resuts show thatlarvaeof O. elongat from Petit
Sairt-Bemard are alle to surviveand grow on P. albus.
However, this plant which isabundantatourfield site
and elsewhere, is never used by the beetlein nature
(Dobler & Rowell-Rahier, 1994b;Dobleretal., 1996;
Pasteek et al., 1996).In contrag, larvae werenot able
to feedandsurvive on P. ogruthiumor R. alpinus
Why is P. albus not used as a hog plant by
O. elongah? We canseek,on oneside, proximate ex-
planations relatedto the behaviour of the ovipositing
females and, on the other side, ultimate explara-
tions related to natural selection acting on eggs or
larvae(seereferencesn Fox & Lalonde,1993).Thes
two classesof explamations are not mutually exclu-
sive. Among the first group of explanatons plant
appareng, phenology abundance,and reliability as
well asthe sengrial interactionsbetweeninsect and
plantcanbe mentoned(Fox & Lalonde,1993). We
canexcludethefirst four rea®ns becaus P. albus is
notless apparenthanthe two normalhods of O. elon-
gata, and hasa comparableatundance,reliability,
and phenobgy to the two normal hods. However,

we do not know wheter the chemical signak emit-
ted by P. albus fail to attract ovipositing females of
O. elongat.

It is well egablished that selecion through nat
ural enemes can oppo® the use of suitable plants
(e.g.,Dennoetal., 1990; Feder, 1995; Kees, 1997;
Rank et al., 1998). Thus P. albus may not be used
by O. elongat in the wild becaus it doesnot pro-
vide either the advantagesof sequetsrable defensve
compoundsor thos of a protecive leaf anabmy. In
the populationstudied, the oviposting beetlesseeka
very close spata proximity betveenA. alliariae and
C. spnosissimum, whereby thefirst plant allows faster
larval growth and providessequegrable PAs andthe
secondone allows a higher egg survival (Ballabeni
& Rahier, 2000; P. Ballabeni D. Conconj S. Gat-
eff & M. Rahier, unpubl). If O. elongat maximises
its fithess by ovipositing on the plant which max-
imisesegg survival, close to the plantthat maximises
larval performancesind provideschemicaldefengs
then the use of P. albus would be maladaptve. It
would be intereging to know whether P. albus would
be used as a hog if A. alliariae or C. spnosissi-
mum or both plants disappearedrom the site. But we
know of no O. elongat popuktion that uses P. al-
bus, independety of the presenceor absenceof either
A. alliariae or C. spnosissimun. It should be kept
in mind, however, that in our study we could not
follow lana developmentuntll pupaton. We cannot
excludethat, in nature,P. albus is avoidedbecaus it
mightlacksomenutrientthatisimportntto compkte
developmentbeyondthe pupalstage.

An important experimentl componentof the
preent study was the sympatry betweenthe beetle
andP. albus. Severalstudiesshowing thatinsectlarvae
were able to survive and grow onnon-hos$plantswere
performed using plants and insectsfrom alopatric
popubtions(e.g.,several of thenon-hossin Wiklund,
1975;Kibota& Courtney, 1991;Futuymaet al., 1994;
Thomp®n, 1996). Explicitly stating the geographic
origin of both the plant andtheinsects teded in an
experimentis very important since the outcomesof
the interactionbetweena given insect speciesand a
given plant speciescanvary geograpttaly (Thomp-
son, 1994). Relatively simple plant genetc mecha-
nisms cansufficeto cau® such geographiwariations
(e.g.Nielsen, 1996;Linhart& Thomp®n,1999).For
instance, the flea beetle Phyllotreta nemaum uses
three speciesof Barbarea (Brasicaceaegs hods in
Denmark (Nielsen, 1996). Only certin popuktons
of the mogt commonof the three plants, B. vulgaris,



areused as hods by the beete ssincemod B. vulgaris
popubtionsaretoxic to P. nemorum. However, some
beete popubtionslive on B. vulgaris that are toxic
to beetlesfrom other sites. A small number of insect
geness reponsble for this pattern of redstanceand
susceptibility (Nielsen, 1996). Thus the fact thatan
allopatricplantis an acceptedhog underexperimental
condtionsdoesnot necesarily meanthatit would be
usedby a sympatic insectpopuktionin nature.

Phylogeneic consderatons may help explaining
why O. elongah is ale to survive on P. albus but
not on P. odruthium In severallocations P. albus is
hog to O. speciosissima which, togeter with O. ca
cdliae, isthespeciesthatis phylogeneicaly closeg to
O. elongat (Dobler et al., 1996; Hsiao & Pasteek,
1999). Oreina elongata or its immediate ancesta
might thereforehave used P. albus in the past,which
could explain why larvae of O. elongat are able
surviveon P. albus. In contrad, P. ogruthiumcontins
furanocoumaris, defengve chemicals thatare photo-
acive andtoxic to insect (Berenbaum1978).Within
the genusOreina, only O. gloriosa hasevolved strict
specialisation on P. ogtruthium Larvae of this beetle
are actve at night, a possible adaption to circum-
vent the plant chemtal defengs(L. Nessi, unpubl).
Oreina gloriosa belongs togeter with a few other
speciesthatacceptP. ogruthiumasa foodplant to a
cladethatis phylogeneicaly distantfrom O. elongaa
(Dobler et al., 1996; Hsiao & Pasteek, 1999). This
clade has evolved feedingon P. ogruthium after its
separationfrom the cladethathasleadto O. elongat
(Dobler et al., 1996). Since R. alpinusbelongsto a
family that is never used as a hog by the genusOr-
eina it isnotsurprisingthatit was notacceptedn our
experiment

Growth rate was the only performancetrait for
which we found an interacion between genoype
(family) and environmert (diet). This interaction sug-
gests that there is the potertial for the evolution of
hog-specialised genoypeswithin the study popukb-
tion (Via, 1990; Fry, 1996). A look at the reaction
norms of growth rate shows that each family per
formedbeter on A. alliariae thanon P. albus andthat
only onefamily performedbeter on P. albus than on
C. spnosissimum. Thus even if we congder growth
rate alone, it seens that there is only little room for
selectia to favour specialisation on P. albus, in spite
of the genoyypeby ervironmentinteracton.
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