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Effect of Host Diet on the Developmentof the Solitary
Egg–Larval Parasitoid Chelonusoculator in

Superparasitized Ephestiakuehniella

CemOzkan1

Effectof hostdietonthedevelopmenttime,mortalityandadultsizeof thesolitarykoinobiont
egg–larval parasitoidChelonusoculator(Panzer)(Hymenoptera:Braconidae),wasexamined
in superparasitizedEphestiakuehniellaZeller (Lepidoptera:Pyralidae).Theexperimentat a
tritrophic level wasconductedat 25� 1� C, 60–70%relative humidity. Eggsof E. kuehniella
wereparasitizedone,two andthreetimesby theparasitoid,andthehostscontainingdifferent
numbersof parasitoideggs were rearedin two different host diets. As host diets, a 2:1
mixture of wheat�our androughwheatbran(HD1) anda 2:1:0.25:0.50:0.25:0.25mixture
of roughwheatbran,corn �our , dry yeast,honey, milk powder, glycerin (HD2) wereused.
Unlike in theHD1 treatment,developmenttimesof theparasitoidweresigni�cantly affected
by thenumberof eggsperhostin theHD2 treatment.In addition,all developmenttimesof
theparasitoidin theHD2 treatmentwerefound to besigni�cantly shorterthanthoseof the
parasitoidin the HD1 treatment.The mortality of the parasitoidwassimilar on both host
diets, regardlessof the numberof eggs per host. However, superparasitismdecreasedthe
parasitoideclosionin both hostdiet treatments.As well asmortality, whenthe sizeof the
adultparasitoidwasnot affectedby thehostdiet differenceswith thesamenumberof eggs
per host,superparasitismsigni�cantly decreasedthe sizeof the parasitoidin both hostdiet
treatments.The �ndings of this investigationcon�rm that thereis a signi�cant interaction
betweenhostdiet and the third trophic level, the parasitoid. Thus,effectsof hostdietsat
tritrophic levelsshouldbeincorporatedinto modelsof superparasitism.
KEY WORDS:Host diet–parasitoid;tritrophic level; superparasitism;Chelonusoculator;
egg–larval parasitoid;Ephestiakuehniella.

INTRODUCTION

Many parasitoidsareable to distinguishbetweena parasitizedanda non-parasitized
host,throughtheapplicationof externalor internalmarkersat oviposition(1,22,28).This
phenomenonhasbeenreportedfrom �eld studies(8,22,23,28,29,31). Whenahostcontains
moreparasitoideggsor larvaethanareableto completetheir developmentsuccessfully, it
is describedasbeingsuperparasitized.

Differentaspectsof superparasitismfor parasitoiddevelopmenthave beendiscussed
in the literature.For many yearssuperparasitismwasbelievedto bemaladaptive,because
it resultedin egg wastageandthusin a decreasein �tness of the ovipositing female(6).
Morerecently, someevidencehasarisenthat,undercertaincircumstances,superparasitism
may be adaptive (21,29). By ovipositing into a non-parasitizedhost,a femaleparasitoid
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mayincreaseher �tness if thereis a �nite chancethatherprogeny will out-competeother
wasplarvae.Otherstudiesalsoshowedthattheeffectsof superparasitismon the�tness of
surviving larvaevary from taxonto taxon(8,27).

Effectsof superparasitismmay also vary betweenidiobionts andkoinobionts. Idio-
biontsattacknon-growing hostsor thosewhich areparalyzedby the femaleparasitoidat
oviposition(1). An increasednumberof eggslaid perhostby idiobiont parasitoidsresults
from parasitoidmortality, presumablythrougha correspondingincreasein the amount
of venominjected or throughwoundsin�icted by �ghting larvae (27). In koinobiont
hostassociations,hostquality dependslargely uponhostfeedingrateandits capacityfor
growth during the interaction(19). As parasitoidlarvae must competefor resourcesin
superparasitizedhostsduring early development,the costof superparasitismmay rest in
theability of thesurvivor to compensateduring laterdevelopment(8). Harvey et al. (8)
showed that the effectsof superparasitismby the solitary koinobiontparasitoidVenturia
canescens(Grav.) (Hymenoptera:Ichneumonidae)mayvary markedly betweenearlyand
latehostinstarswith considerablydifferentgrowth potential.

On the otherhand,naturalenemiesof phytophagousinsectsfunction anddevelop in
multitrophic systems(17). Thus, their behavior and physiology, which determinetheir
�tness, arein�uenced by both hostdiet (�rst trophic level) andthephytophagousinsects
(secondtrophic level) (25). Many studieshave focusedon theinteractionsbetweenplants
and pests(10) and betweenpestsand parasitoids(30). It has also beennecessaryto
study the interactionsbetweenplants and the third trophic level, the parasitoids(17).
The plant in�uenceshosthabitatlocation,hostsearchingandovipositionbehavior of the
parasitoid.Effectsof plantson parasitoidsmay act directly throughphysical(silhouette,
contrast,color) andchemicalcharacteristics(volatile compounds)or indirectly, by means
of chemicalcuesderived from the activity of the host althoughnot actually from the
host itself (frass,honeydew) (7). Plantsmay affect parasitoidsthroughtheir effect on
hostquality (concentrationof nutrientsandsecondarycompounds),sincetheresponsesof
insectherbivoresto changesin hostplantquality vary within andbetweenfeedingguilds
(4,26,29).Plantsmayaffectthesurvival and�tnessof theparasitoidthroughtheir in�uence
on parasitoidsize, fecundityanddevelopmenttime (3,18). It wasalso found that plant
qualitycanimpactthedevelopmentof organismsat thefourth trophiclevel (9,11,24).

Thesolitarykoinobiontegg -larval parasitoidChelonusoculator (Panzer)(Hymenop-
tera: Braconidae)is a potentialbiological control agentagainstsomelepidopteranpests
(15). The reproductionof the parasitoidis arrhenotokous, in which only male progeny
developparthenogeneticallyfrom unfertilized(diploid) eggs,andmaleandfemaleprogeny
develop from fertilized (diploid) eggs. The eggswerelaid in the hosteggssingly. They
hatchin the hosteggs,and�rst andsecondinstarof theparasitoidfeedinternally. In its
third instar, theparasitoidlarvaeleft thehostto feedexternally, consumingall exceptthe
skin andheadcapsule.The parasitoidthenspinsits cocoonin the pupalcell previously
preparedby the host larva (13). Previous studiesalso showed that superparasitismwas
observedoneggsof EphestiakuehniellaZeller(Lepidoptera:Pyralidae)by C.oculatorand
developmenttime of non-parasitizedE. kuehniellafrom egg to adultdifferedsigni�cantly
dependingonhostdiet (14).

Several studiesin the literaturehave concentratedon the interactionsbetweenplants
(host diets) and third trophic levels, parasitoids. Several superparasitismstudieshave
alsoconcentratedon the interactionsbetweenpests(hosts)andparasitoids.However, no
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previoussuperparasitismstudieshave focusedon effectsof hostdiet on thedevelopment
of parasitoids.The aim of the presentstudywas to de�ne tritrophic effectsof hostdiet
andsuperparasitismon C. oculator development.Thus,effectsof differenthostdietson
developmenttime, mortality andadultsizeof theparasitoidwereexaminedon eggsof E.
kuehniellawhichwereparasitizedone,two andthreetimes.

MATERIALS AND METHODS

Original cultures of E. kuehniella were obtained from the Departmentof Plant
Protection,Faculty of Agriculture, University of Ankara, and usedas hosts. The host
wasrearedin an incubatorat 25� 1� C, 60–70%r.h. Insectswererearedin clearplastic
containers(20� 14� 7cm)ona2:1mixtureof wheat�our androughwheatbrancontaining
approximately250g sterilizeddietand500eggs(12). Theeggshatchedafter� 4 days.The
larval period,including � ve instars,wascompletedin approximately35 days. The pupal
periodlasted8 daysandadultmothslivedapproximately8 days.

Chelonusoculator was rearedat 25� 1� C, 60–70%r.h. with 16 h of arti�cial light
(2000lux) (16). Ten pairsof newly (< 24 h) emergedC. oculator were transferredinto
clearplasticcontainers(20� 14� 7 cm). Purehoney wasgivento adultsof C. oculatorby
smearinga small amounton the lid of the containers.Parasitoidswere left to mateand
feedfor 24 h beforehosteggsweresupplied.Approximately50024–48-h-oldeggsof E.
kuehniellaweregluedon a papersheet(1.5� 10 cm) with a 5% gumarabicsolutionand
introducedinto thecontainer. Theparasitoidswereleft to forageandoviposit for 6 h. The
sheetof parasitizedeggswasthentransferredinto anotherclearplasticcontaineron a 2:1
mixtureof wheat�our androughwheatbrancontainingapproximately250g of sterilized
diet. Uponeclosion,dropsof purehoney weresmearedon thesideof thecontainerlid.

For the experiment, 0–24-h-old eggs of E. kuehniella and 4–5-day-oldadults of
C. oculator were used. To obtain singly parasitizedhosts, the eggs were presented
individually to adultparasitoids,which wereallowed to parasitizea hostonce. To obtain
superparasitizedhosts,a singly parasitizedegg was presentedto a different Chelonus
female,whichwasallowedto superparasitizeonce(two eggsperhost)or to two conspeci�c
parasitoids,which eachsuperparasitized(threeeggsperhostegg). If theegg wasrejected
more than twice, this host egg was discardedand that trial was abandoned. In the
experiment,12-htime intervalswereusedbetweeneachparasitization.

After theeggswereparasitizedone,two andthreetimes,they wereplacedsingly into
vials with excessdiet until parasitoideclosion. In order to determinethe effect of host
diet, parasitizedeggswererearedon two differentdiets. As hostdiets,a 2:1 mixture of
wheat�our androughwheatbran(HD1) anda 2:1:0.25:0.50:0.25:0.25mixture of rough
wheatbran,corn�our , dry yeast,honey, milk powderandglycerin(HD2) (14) wereused.
Experimentswereconductedat 25� 1� C, 60–70%r.h., and16:8(L:D). A total of 121,96
and85E.kuehniellalarvaewererearedontheHD1 diet from eggscontainingone,two and
threeC. oculator eggs,respectively. On theHD2 diet, 110,88 and55 E. kuehniellaeggs
wereusedcontainingone,two andthreeparasitoideggs,respectively.

Parasitoideclosionwaschecked several timesduring the day to ensurethat develop-
ment times were recordedaccurately. In order to determineparasitoidsize, they were
frozenuponemergenceandlateroven-driedfor 5 daysat60� C (8). Thedevelopmenttime,
mortalityandadultsizeof theparasitoidsdevelopedfrom Ephestiawhichwereparasitized
one,two andthreetimeswererecordedondifferenthostdiets.
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A two-wayANOVA, with thenumberof eggsandhostdiet asfactors,wasusedon the
developmenttime andadult sizeof theparasitoid.Duncan's MRT wasusedto conducta
multiple comparisonof treatmentmeans(P=0.05).

RESULTS

Thedevelopmenttimeof C.oculatorrevealedasigni�cant interactionbetweennumber
of eggsandhostdiet (F=4.37,df=2,P=0.014)(Fig. 1). In theHD1 treatment,development
time of theparasitoidwasunaffectedregardlessof thenumberof eggsperhost(P> 0.05).
However, developmenttime was signi�cantly longer when the host containedtwo, as
opposedto oneor three,parasitoideggs in the HD2 treatment(P< 0.05). Furthermore,
all developmenttimes of the parasitoidwere signi�cantly shorterin the HD2 treatment
thanin theHD1 treatmentwith thesamenumberof eggsperhost(P< 0.05).

Fig. 1. Developmenttime of Chelonusoculator from oviposition to adult eclosionin Ephestia
kuehniellaeggs. Eggswereexposedto one,two andthreeparasitoideggs,andlarvaesubsequently
rearedontwo differentdiets:HD1,2:1mixtureof wheat�our androughwheatbran.HD2, 2: 1: 0.25:
0.50: 0.25: 0.25mixtureof roughwheatbran,corn �our , dry yeast,honey, milk powder, glycerin.
Columnswith thesameletterdonotdiffer signi�cantly (P> 0.05).Bars= S.E.M.Samplesizeswere:
HD1 (1) 78; (2) 45; (3) 32. HD2 (1) 67; (2) 45; (3) 20.

Of the 555 parasitizedhosteggs,only � ve producedadult moths(threefrom singly
parasitizedand rearedHD1, and two from a singly parasitizedand HD2 treatment).
Although parasitoidmortality was similar betweenhost diet treatmentsalong with the
increasein the egg numberper host, it was increasedby superparasitismon eachhost
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Fig. 2. Mortality rateof Chelonusoculator in Ephestiakuehniella. Eggswereexposedto one,two
andthreeparasitoideggs,andlarvaesubsequentlyrearedontwo differentdiets:HD1, 2:1mixtureof
wheat�our androughwheatbran. HD2, 2: 1: 0.25: 0.50: 0.25: 0.25mixtureof roughwheatbran,
corn �our , dry yeast,honey, milk powder, glycerin. Samplesizeswere:HD1 (1) 78; (2) 45; (3) 32.
HD2 (1) 67; (2) 45; (3) 20.

diet (Fig. 2). In the HD1 treatment,Chelonusfailed to eclosefrom 35.54%of singly
parasitizedhosts,which increasedto 53.13%in the hostswith two eggs,and62.35%in
thehostswith threeeggs.In theHD2 treatment,Chelonusfailedto eclosefrom 39.08%of
singlyparasitizedhosts,whichincreasedto 48.86%in thehostswith two eggs,and63.64%
in thehostswith threeeggs.

The�ndings indicatedthat therewasno signi�cant differencein thesizeof Chelonus
eclosingfrom singly parasitizedand superparasitizedtreatmentsregardlessof host diet
(F=0.14, df=2, P=0.868), and dry massparasitoiddid not vary accordingto host diet
(F=0.75df=1, P=0.389)(Fig. 3). However, datafrom Figure3 suggestedthat therewas
a signi�cant differencein Chelonusweight relatedto the numberof parasitoideggs/host
(F=190.52,df=2, P< 0.01).

DISCUSSION

Theresultsof this investigationshowedthatdevelopmentof C. oculator wasaffected
not only by the numberof eggsper host,but alsoby the hostdiet differences(Fig. 1).
Developmenttimesof theparasitoidin theHD2 treatmentweresigni�cantly shorterthan
in theHD1 treatment.Similarly, previousstudieshavealsoshown thatdevelopmenttimeof
thenon-parasitizedEphestiafrom eggto adultwassigni�cantly longerin HD1 thanin HD2
(14). In addition,developmenttimesof theparasitoidwerenot affectedby thenumberof
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Fig. 3. Weightof adultChelonusoculator (adultdry massin mg) in Ephestiakuehniellaeggs. Eggs
wereexposedto one,two andthreeparasitoideggs,andlarvaesubsequentlyrearedon two different
diets: HD1, 2:1 mixture of wheat�our androughwheatbran. HD2, 2: 1: 0.25: 0.50: 0.25: 0.25
mixtureof roughwheatbran,corn�our , dry yeast,honey, milk powder, glycerin. Columnswith the
sameletterdo not differ signi�cantly (P> 0.05). Bars= S.E.M.Samplesizeswere:HD1 (1) 35; (2)
33; (3) 21. HD2 (1) 36; (2) 33; (3) 20.

eggsperhostin theHD1 treatment.However, developmenttime wassigni�cantly longer
whenthehostcontainedtwo, asopposedto oneor three,parasitoideggsin theHD2 treat-
ment.This resultmayarisefrom thefactthatthehostcontainingthreeeggsingestedmore
food,andincorporatedit moreef�ciently , thanthehostcontainingtwo eggs.Theresultsof
severalstudiesshowedthatsuperparasitismoftendelaysthedevelopmenttimeof parasitoid
progeny. The eggs to eclosiontime of Cardiochiles nigricepsViereck (Hymenoptera:
Braconidae)andMicroctonusvittataeMuesebeck(Hymenoptera:Braconidae)wereboth
increasedin superparasitizedhosts(27,31). Eller et al. (5) found that the surviving
Microplitis croceipesCresson(Hymenoptera:Braconidae)from superparasitizedhosts
took longerto developthanthosefrom hostswhich containedonly oneegg. Development
time of TiphodytesgerriphagusMarchal(Hymenoptera:Scelionidae)in superparasitized
eggswaslongerthanthatof theparasitoidin singlyparasitizedeggs(20). However, astudy
by Bai andMackauer(2) investigatingthe effect of superparasitismon the development
of Aphidius ervi Haliday (Hymenoptera: Aphidiidae) found that superparasitismhad
no measurableeffect upon developmenttime. Harvey et al. (8) studied the effect
of superparasitismon the developmentof the solitary endoparasitoidV. canescenson
different instarsof Plodia interpunctellaHübner(Lepidoptera:Pyralidae). They found
no signi�cant differencesin developmenttime from third instarhostscontainingoneor
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two eggs,but parasitoidsdevelopingin �fth instarhostscontainingtwo eggsdisplayeda
longerdevelopmenttime.

Mortality of C. oculatorwassimilar betweentwo diets. However, theparasitoidmor-
tality wasincreasedby superparasitismin eachhostdiet with the increasein egg number
perhost(Fig. 2). In a solitaryparasitoid,only oneparasitoidcansuccessfullydevelopand
emerge from an individual host(8,29)andsupernumerariesareoften eliminatedthrough
physicalcombat,asearly instar larvae(5,21). Thus, the increasein parasitoidmortality
on both hostdietswith a correspondingincreasein the numberof larvaeper hostcould
be a result of physicaldamagein�icted by Chelonuslarvae during �ghting. This was
suggestedby Vinsonet al. (26) when they investigateda similar increasein parasitoid
mortality with egg numberfor the braconidparasitoidC. nigricepsattackingthe tobacco
budworm Heliothis virescensFabricius (Lepidoptera: Noctuidae). Unlike the casein
severalotherstudies,Harvey et al. (8) have shown thattherewasno measurableeffect on
parasitoidmortalitywith theincreasedeggnumberperhostfor theichneumonidparasitoid
V. canescensattackingearlyinstarsof theIndianmothP. interpunctella.

The results of the presentstudy showed that when the host diet differenceshad
no measurableeffect upon the size of the adult parasitoid,superparasitismsigni�cantly
decreasedthesizeof theparasitoidin bothhostdiet treatments(Fig. 3). Thedecreasein
parasitoidsizeonbothhostdietscouldbearesultof physicaldamagein�icted by Chelonus
larvaeduring�ghting. Theresultsof otherstudiesshowedthattheeffectof superparasitism
on thesizeof adultparasitoidsvariedfrom taxonto taxon. Eller et al. (5) foundthat the
surviving Microplitis croceipesfrom superparasitizedhostsweresmallerthanparasitoids
from singly parasitizedhosts. However, Bai and Mackauer(2) found that A. ervi from
superparasitizedpeaaphidswere signi�cantly larger than thosefrom singly parasitized
aphids.They suggestedthat this wasbecausesuperparasitizedaphidsingestedmorefood
andincorporatedit moreef�ciently , thansinglyparasitizedandnon-parasitizedcontrols,in
thatorder. Harvey et al. (8) foundthat therewasno differencein parasitoidsizewith the
increasingegg numberfor theichneumonidparasitoidV. canescensattackingearlyinstars
of P. interpunctella. However, therewasa decreasein parasitoidsizewith the increasein
eggnumberfor theparasitoidattackingmatureinstarsof thehost.

Many studiesabout superparasitismand multitrophic levels have been conducted
independently, asnotedin the Introduction,andno superparasitismstudieshave focused
on effectsof hostdiet on thedevelopmentof parasitoidsprior to thepresentinvestigation.
However, to estimateeffectsof superparasitismin biologicalcontrol,effectsof hostdiets
shouldbe studiedat multitrophic levels. Our resultscon�rm that thereis a signi�cant
interactionbetweenhost diet and third tropic level, the koinobiont parasitoid. In other
words,thedevelopmentof C. oculator in superparasitizedE. kuehniellais affectedby the
hostdiet differences.Thus,effectsof hostdietsat tritrophic levelsshouldbeincorporated
into modelsof superparasitism.

Someauthorshave also suggestedthat the effects of superparasitismmay be less
evident in koinobiontsthan in idiobionts in respectto the associationsbetweenhosts
and parasitoids,becausekoinobiontscan mask any deleteriouseffects of early larval
competitionby more rapid developmentvia compensatoryfeeding during later larval
development(2). However, if trophic associationsbetweenhost diets and parasitoids
are valid not only for idiobionts but also for koinobionts, effects of superparasitism
at multitrophic levels may also be more evident in both parasitoids. Thus, effects of
superparasitismatmultitrophiclevelsshouldbestudiedin bothidiobiontsandkoinobionts.
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