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Effect of Host Diet on the Developmentof the Solitary
Egg—Larval Parasitoid Chelonusoculatorin
Supermarasitized Ephestiakuehniella

CemOzkart

Effectof hostdietonthedevelopmentime, mortality andadultsizeof thesolitarykoinobiont
egg—lanal parasitoidChelonusculator (Panzer\HymenopteraBraconidae)wasexamined
in superparasitizeBphestiakuehniellaZeller (LepidopteraPyralidae). The experimentata
tritrophic level wasconductecat25 1 C, 60—70%relative humidity. Eggsof E. kuehniella
wereparasitizedne,two andthreetimesby theparasitoid andthehostscontainingdifferent
numbersof parasitoideggs were rearedin two differenthostdiets. As hostdiets, a 2:1

mixture of wheat our androughwheatbran(HD1) anda 2:1:0.25:0.50:0.25:0.2fixture
of roughwheatbran,corn our, dry yeast,honeg, milk powder, glycerin (HD2) wereused.
Unlikein theHD1 treatmentdevelopmentimesof the parasitoidweresigni cantly affected
by the numberof eggsperhostin the HD2 treatment.In addition,all developmenttimesof

the parasitoidin the HD2 treatmentverefound to be signi cantly shorterthanthoseof the
parasitoidin the HD1 treatment. The mortality of the parasitoidwas similar on both host
diets, regardlessof the numberof eggs per host. However, superparasitisndecreasedhe
parasitoideclosionin both hostdiet treatments.As well asmortality, whenthe size of the
adult parasitoidwasnot affectedby the hostdiet differenceswith the samenumberof eggs
per host, superparasitissigni cantly decreasedhe size of the parasitoidin both hostdiet
treatments.The ndings of this investigationcon rm that thereis a signi cant interaction
betweenhostdiet andthe third trophic level, the parasitoid. Thus, effects of hostdietsat
tritrophic levelsshouldbeincorporatednto modelsof superparasitism.

KEY WORDS: Host diet—parasitoidtritrophic level; superparasitismChelonusoculator,

egg—lanal parasitoid Ephestiakuehniella

INTRODUCTION

Many parasitoidsare ableto distinguishbetweena parasitizedand a non-parasitized
host,throughthe applicationof externalor internalmarkersat oviposition (1,22,28).This
phenomenohasbeenreportedrom eld studieq8,22,23,28,29,8). Whenahostcontains
moreparasitoideggsor larvaethanareableto completetheir developmentuccessfullyit
is describedhsbeingsuperparasitized.

Differentaspectof superparasitisnfior parasitoiddevelopmenthave beendiscussed
in theliterature. For mary yearssuperparasitisrwasbelievedto be maladaptre, because
it resultedin egg wastageandthusin a decreasén tness of the ovipositing female(6).
Morerecently someevidencehasarisenthat,undercertaincircumstancesuperparasitism
may be adaptve (21,29). By ovipositinginto a non-parasitizedhost, a femaleparasitoid
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may increaseher tness if thereis a nite chancethatherprogery will out-competether
wasplarvae.Otherstudiesalsoshavedthatthe effectsof superparasitisron the tness of
surviving larvaevary from taxonto taxon(8,27).

Effects of superparasitisnmay also vary betweenidiobionts and koinobionts. Idio-
biontsattacknon-graving hostsor thosewhich are paralyzedby the femaleparasitoidat
oviposition(1). An increasediumberof eggslaid perhostby idiobiont parasitoidgesults
from parasitoidmortality, presumablythrougha correspondingncreasein the amount
of venominjected or throughwoundsin icted by ghting larvae (27). In koinobiont
hostassociationshostquality dependdargely uponhostfeedingrateandits capacityfor
growth during the interaction(19). As parasitoidlarvae must competefor resourcesn
superparasitizetiostsduring early development the cost of superparasitisrmay restin
the ability of the survivor to compensateluring later development(8). Harvey etal. (8)
shaved that the effects of superparasitisnby the solitary koinobiont parasitoidventuria
canescengGrav.) (Hymenopteraichneumonidaejnay vary markedly betweerearly and
late hostinstarswith considerabhydifferentgrowth potential.

On the otherhand, naturalenemiesof phytophagousnsectsfunction anddevelopin
multitrophic systems(17). Thus, their behaior and physiology which determinetheir
tness, arein uenced by both hostdiet ( rst trophiclevel) andthe phytophagousnsects
(secondrophiclevel) (25). Marny studieshave focusedon the interactionsdbetweerplants
and pests(10) and betweenpestsand parasitoids(30). It hasalso beennecessarto
study the interactionsbetweenplants and the third trophic level, the parasitoids(17).
The plantin uenceshosthabitatlocation, hostsearchingand oviposition behavior of the
parasitoid. Effectsof plantson parasitoidamay act directly throughphysical(silhouette,
contrast,color) andchemicalcharacteristicgvolatile compoundspr indirectly, by means
of chemicalcuesderived from the actiity of the host althoughnot actually from the
hostitself (frass, hone/dew) (7). Plantsmay affect parasitoidsthroughtheir effect on
hostquality (concentratiorof nutrientsandsecondargcompounds)sincethe responsesf
insectherbivoresto changesn hostplant quality vary within andbetweerfeedingguilds
(4,26,29).Plantsmayaffectthesurvival and tness of theparasitoidhroughtheirin uence
on parasitoidsize, fecundity and developmenttime (3,18). It was alsofound that plant
guality canimpactthe developmeniof organismsat the fourth trophiclevel (9,11,24).

The solitary koinobiontegg -larval parasitoidChelonusoculator (Panzer)(Hymenop-
tera: Braconidae)s a potentialbiological control agentagainstsomelepidopterarnpests
(15). The reproductionof the parasitoidis arrhenotobus,in which only male progery
developparthenogeneticallfrom unfertilized(diploid) eggs,andmaleandfemaleprogery
develop from fertilized (diploid) eggs. The eggswerelaid in the hosteggssingly. They
hatchin the hosteggs,and rst andsecondnstarof the parasitoidfeedinternally. In its
third instar the parasitoidlarvaeleft the hostto feedexternally; consumingall exceptthe
skin and headcapsule. The parasitoidthen spinsits cocoonin the pupalcell previously
preparedby the hostlarva (13). Previous studiesalso shaved that superparasitismvas
obsenedoneggsof Ephestigkuehniellazeller (LepidopteraPyralidae)y C. oculatorand
developmentime of non-parasitizedt. kuehniellafrom egg to adultdifferedsigni cantly
dependingnhostdiet (14).

Several studiesin the literaturehave concentratean the interactionsbetweenplants
(host diets) and third trophic levels, parasitoids. Several superparasitisnstudieshave
alsoconcentratean the interactionshetweenpests(hosts)and parasitoids.However, no
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previous superparasitisrstudieshave focusedon effectsof hostdiet on the development
of parasitoids. The aim of the presentstudywasto de ne tritrophic effects of hostdiet

andsuperparasitisron C. oculator development. Thus, effects of differenthostdietson

developmenttime, mortality andadult size of the parasitoidwereexaminedon eggsof E.

kuehniellawhichwereparasitizedne,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 anincubatorat 25 1 C, 60-70%r.h. Insectswererearedin clear plastic
containerg20 14 7cm)ona2:1mixtureof wheatour androughwheatbrancontaining
approximatel\250g sterilizeddietand500eggs(12). Theeggshatchedhfter 4 days.The
larval period,including ve instars,wascompletedn approximately35 days. The pupal
periodlasted8 daysandadultmothslivedapproximately8 days.

Chelonusoculator was rearedat 25 1 C, 60-70%r.h. with 16 h of arti cial light
(20001ux) (16). Ten pairsof newly (<24 h) emegedC. oculator were transferrednto
clearplasticcontainerd20 14 7 cm). Purehonegy wasgivento adultsof C. oculator by
smearinga small amounton the lid of the containers.Parasitoidswereleft to mateand
feedfor 24 h beforehosteggsweresupplied. Approximately500 24—48-h-oldeggsof E.
kuehniellaweregluedon a papersheet(1.5 10 cm) with a 5% gum arabicsolutionand
introducednto the container The parasitoidsvereleft to forageandovipositfor 6 h. The
sheetof parasitizedeggswasthentransferrednto anotherclearplasticcontaineron a 2:1
mixture of wheat our androughwheatbrancontainingapproximately250g of sterilized
diet. Uponeclosiondropsof purehongy weresmearean the sideof the containedid.

For the experiment, 0—24-h-old eggs of E. kuehniellaand 4-5-day-old adults of
C. oculator were used. To obtain singly parasitizedhosts, the eggs were presented
individually to adult parasitoidswhich wereallowed to parasitizea hostonce. To obtain
superparasitizedhosts, a singly parasitizedegg was presentedo a different Chelonus
female whichwasallowedto superparasitizence(two eggsperhost)or to two conspeci ¢
parasitoidswhich eachsuperparasitize(threeeggsperhostegg). If the egg wasrejected
more than twice, this host egg was discardedand that trial was abandoned. In the
experiment,12-htime intervalswereusedbetweereachparasitization.

After the eggswere parasitizene, two andthreetimes,they wereplacedsingly into
vials with excessdiet until parasitoideclosion. In orderto determinethe effect of host
diet, parasitizedeggswererearedon two differentdiets. As hostdiets,a 2:1 mixture of
wheat our androughwheatbran(HD1) anda 2:1:0.25:0.50:0.25:0.2&ixture of rough
wheatbran,corn our, dry yeast,honey, milk powderandglycerin(HD2) (14) wereused.
Experimentsvereconductedat25 1 C, 60-70%r.h.,and16:8(L:D). A total of 121,96
and85E. kuehniellalarvaewererearedonthe HD1 dietfrom eggscontainingone,two and
threeC. oculator eggs,respectiely. Onthe HD2 diet, 110,88 and55 E. kuehniellaeggs
wereusedcontainingone,two andthreeparasitoideggs,respectiely.

Parasitoideclosionwas checled several times during the day to ensurethat develop-
ment times were recordedaccurately In orderto determineparasitoidsize, they were
frozenuponemepgenceandlateroven-driedfor 5 daysat60 C (8). Thedevelopmentime,
mortality andadultsizeof the parasitoidsievelopedfrom Ephestiawhich wereparasitized
one,two andthreetimeswererecordecbn differenthostdiets.
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A two-way ANOVA, with thenumberof eggsandhostdiet asfactors,wasusedonthe
developmenttime andadult size of the parasitoid. Duncans MRT wasusedto conducta
multiple comparisorof treatmenmeangP=0.05).

RESULTS

Thedevelopmentime of C. oculatorrevealedasigni cant interactionbetweemumber
of eggsandhostdiet (F=4.37,df=2, P=0.014)(Fig. 1). In theHD1 treatmentdevelopment
time of the parasitoidwasunafectedregardlesof the numberof eggsperhost(P> 0.05).
However, developmenttime was signi cantly longer when the host containedtwo, as
opposedo one or three, parasitoideggsin the HD2 treatment(P< 0.05). Furthermore,
all developmenttimes of the parasitoidwere signi cantly shorterin the HD2 treatment
thanin theHD1 treatmentwith the samenumberof eggsperhost(P< 0.05).

Fig. 1. Developmenttime of Chelonusoculator from oviposition to adult eclosionin Ephestia
kuehniellaeggs. Eggswere exposedto one,two andthreeparasitoideggs,andlarvae subsequently
rearecbntwo differentdiets:HD1, 2:1 mixtureof wheat our androughwheatbran.HD2, 2: 1: 0.25:
0.50: 0.25: 0.25 mixture of roughwheatbran,corn our, dry yeast,honegy, milk powder, glycerin.
Columnswith thesameetterdo notdiffer 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 parasitizechosteggs, 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 increasedoy superparasitisnon eachhost
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Fig. 2. Mortality rateof Chelonusoculatorin Ephestiakuehniella Eggswereexposedto one,two
andthreeparasitoideggs,andlarvaesubsequentlyearedon two differentdiets:HD1, 2:1 mixture of
wheat our androughwheatbran. HD2, 2: 1: 0.25:0.50: 0.25: 0.25mixture of roughwheatbran,
corn our, dry yeast,honeg/, 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
parasitizechosts,which increasedo 53.13%in the hostswith two eggs,and 62.35%in

thehostswith threeeggs.In theHD2 treatmentChelonugailedto eclosefrom 39.08%of

singly parasitizedhostswhichincreasedo 48.86%in the hostswith two eggs,and63.64%
in the hostswith threeeggs.

The ndings indicatedthat therewasno signi cant differencein the sizeof Chelonus
eclosingfrom singly parasitizedand superparasitizetteatmentsregardlessof 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 Figure 3 suggestedhattherewas
a signi cant differencein Chelonusweight relatedto the numberof parasitoideggs/host
(F=190.52df=2,P<0.01).

DISCUSSION

Theresultsof this investigationshaved that developmentof C. oculator wasaffected
not only by the numberof eggs per host, but also by the hostdiet differenceqFig. 1).
Developmenttimesof the parasitoidin the HD2 treatmentweresigni cantly shorterthan
in theHD1 treatmentSimilarly, previousstudieshave alsoshavn thatdevelopmentime of
thenon-parasitizeé phestigdfrom eggto adultwassigni cantly longerin HD1 thanin HD2
(14). In addition,developmentimesof the parasitoidwerenot affectedby the numberof
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Fig. 3. Weightof adult Chelonusoculator (adultdry massin mg) in Ephestiakuehniellaeggs Eggs
wereexposedto one,two andthreeparasitoideggs,andlarvaesubsequentlyearedon two different
diets: HD1, 2:1 mixture of wheat our androughwheatbran. HD2, 2: 1: 0.25: 0.50: 0.25: 0.25
mixture of roughwheatbran,corn our, dry yeast,hong, milk povder, 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.

eggsper hostin the HD1 treatment.However, developmenttime wassigni cantly longer
whenthe hostcontainedwo, asopposedo oneor three,parasitoideggsin the HD2 treat-
ment. Thisresultmay arisefrom thefactthatthe hostcontainingthreeeggsingestednore
food, andincorporatedt moreef ciently, thanthe hostcontainingtwo eggs. Theresultsof
severalstudiesshovedthatsuperparasitisraftendelaysthedevelopmentime of parasitoid
progery. The eggsto eclosiontime of Cardiochiles nigriceps Viereck (Hymenoptera:
BraconidaelndMicroctonusvittatae MuesebecKHymenopteraBraconidae)vereboth
increasedn superparasitizedhosts(27,31). Eller et al. (5) found that the surviving
Microplitis croceipesCresson(Hymenoptera: Braconidae)from superparasitizethosts
took longerto developthanthosefrom hostswhich containedonly oneegg. Development
time of Tiphodytesgerriphagus Marchal (Hymenoptera:Scelionidae)n superparasitized
eggswaslongerthanthatof theparasitoidn singly parasitizedggs(20). However, astudy
by Bai and Mackauer(2) investigatingthe effect of superparasitisnon the development
of Aphidius ervi Haliday (Hymenoptera: Aphidiidae) found that superparasitisnhad
no measurableeffect upon developmenttime. Harwvey et al. (8) studiedthe effect
of superparasitisnon the developmentof the solitary endoparasitoidv. canescenson
differentinstarsof Plodia interpunctellaHibner(Lepidoptera: Pyralidae). They found
no signi cant differencesn developmenttime from third instar hostscontainingone or
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two eggs, but parasitoidsdevelopingin fth instarhostscontainingtwo eggsdisplayeda
longerdevelopmentime.

Mortality of C. oculatorwassimilar betweertwo diets. However, the parasitoidmor-
tality wasincreasedy superparasitisnn eachhostdiet with the increasen egg number
perhost(Fig. 2). In asolitary parasitoid only oneparasitoidcansuccessfullydevelopand
emege from an individual host(8,29) and supernumerarieare often eliminatedthrough
physicalcombat,as early instarlarvae (5,21). Thus,the increasen parasitoidmortality
on both hostdietswith a correspondindncreasen the numberof larvae per hostcould
be a result of physicaldamagein icted by Chelonuslarvae during ghting. This was
suggestedy Vinsonet al. (26) whenthey 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 showvn thattherewasno measurableffect on
parasitoidmortality with theincreaseegg numbermerhostfor theichneumonidparasitoid
V. canescenattackingearlyinstarsof theIndianmothP. interpunctella.

The resultsof the presentstudy shaved that when the host diet differenceshad
no measurableffect uponthe size of the adult parasitoid,superparasitisnsigni cantly
decreasedthe size of the parasitoidin both hostdiet treatmentgFig. 3). The decreasén
parasitoidsizeon bothhostdietscouldbearesultof physicaldamagen icted by Chelonus
larvaeduring ghting. Theresultsof otherstudiesshavedthattheeffectof superparasitism
on the size of adultparasitoidssariedfrom taxonto taxon. Eller etal. (5) foundthatthe
surviving Microplitis croceipesfrom superparasitizetiostswere smallerthanparasitoids
from singly parasitizedhosts. However, Bai and Mackauer(2) found that A. ervi from
superparasitizegpeaaphidswere signi cantly larger than thosefrom singly parasitized
aphids. They suggestedhatthis wasbecauseuperparasitizedphidsingestednorefood
andincorporatedt moreef ciently , thansingly parasitizecdandnon-parasitizedontrols,in
thatorder Harvey etal. (8) foundthattherewasno differencein parasitoidsizewith the
increasingegg numberfor theichneumonidparasitoidV. canescenattackingearlyinstars
of P. interpunctella However, therewasa decreasén parasitoidsizewith theincreasen
egg numberfor the parasitoidattackingmatureinstarsof the host.

Many studiesabout superparasitisnrand multitrophic levels have been conducted
independentlyasnotedin the Introduction,and no superparasitismstudieshave focused
on effectsof hostdiet on the developmentof parasitoidsprior to the preseninvestigation.
However, to estimateeffectsof superparasitisrin biological control, effectsof hostdiets
should be studiedat multitrophic levels. Our resultscon rm that thereis a signi cant
interactionbetweenhostdiet and third tropic level, the koinobiont parasitoid. In other
words,the developmentof C. oculatorin superparasitize#. kuehniellais affectedby the
hostdiet differencesThus,effectsof hostdietsat tritrophic levels shouldbeincorporated
into modelsof superparasitism.

Someauthorshave also suggestedhat the effects of superparasitisnmay be less
evident in koinobiontsthan in idiobionts in respectto the associationdetweenhosts
and parasitoids,becausekoinobionts can mask ary deleteriouseffects of early larval
competitionby more rapid developmentvia compensatonyfeeding during later larval
development(2). However, if trophic associationdetweenhost 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
superparasitisrat multitrophiclevelsshouldbe studiedin bothidiobiontsandkoinobionts.
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