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Oviposition Behavior and Development of Immature
Stages of Parasierola swirskiana, a Parasitoid of the L esser
Date M oth Batrachedra amydraula

Avi Eitam'

Parasierola swirskiana Argaman(Hymenoptera: Bethylidae)is a parasitoidof the moth
Batrachedra amydraula Meyrick, apestof unripefruits of the datepalm, Phoenix dactylifera
L. The parasitoidis mostcommonlyfoundin thefield on second-generatiomostlarvae. Its
biological characteristicsvere studiedin the laboratory Adult longevity averaged34.9and
20.5daysfor femalesand males,respectiely. Clutch size rangedbetweenl and 13 eggs
per host, andwas positively correlatedwith hostweight. Femaledaid an averageof 60.4
eggson 11.6hosts,with a maximumof 152 eggson 29 hostsin 53 days. Parasitoidswere
obseredstandingmotionlesaipon52%of the paralyzechosts andactive brooddefensevas
occasionallyobsened. Immaturedevelopmentis described. Total developmenttime from
egg to adultaveragedl3.6daysat 26 + 2°C and30-50%r.h. The potentialfor utilizing P.
swirskiana for biologicalcontrolof B. amydraula is discussed.

KEY WORDS:Parasierola; Batrachedra; Goniozus; ovipositionbehaior; clutchsize;brood
guarding;immaturedevelopmentyiological control.

INTRODUCTION

The lesserdatemoth Batrachedra amydraula Meyrick (Lepidoptera:Batrachedridae)
is amajorpestof unripefruits of thedatepalm,Phoenix dactyliferaL., in Iran, Iraq, Libya,
Egypt and Israel (1,17,19),causingup to 75% yield loss (17). In the Arava Valley of
southerrisrael,B. amydraula hasat leastthreegenerationperyear(19). First-generation
larvae are obsenred from late March until early May, and second-generatiolarvae from
May until mid-June. There may be considerableoverlap of generations. Population
densitiesand consequentiamageare usually much higher during the secondgeneration.
Much lower numbersof B. amydraula larvae are obsened until mid-August,apparently
representingat leastone additionalgeneration.Eachlarva may feed upon several fruits,
thenumberof fruits perlarva apparentlydecreasingsthe seasorprogresseandfruit size
increases.

Parasierola swirskiana Argamanl1992 (Hymenoptera:Bethylidae)(2) parasitizesB.
amydraula larvae in the southernArava Valley. This ectoparasitoichasbeencollected
in mostdateorchardsin the region. It is foundin all major datevarieties,but is most
prominentin ‘Deglet Nour’, lesssoin ‘Zahidi’ and‘Hadrawi’, andcomparatiely rarein
‘Medjoul’. Adults are obsered from early May until August, with the largestnumbers
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of parasitoidseenin late May andearly June,on second-generatioR. amydraula larvae.
Thelevel of parasitismis usuallylow. Parasitismof above 10% hasbeenobsenedonly at
veryhighdensitiesof second-generatidarvaeor duringJuly—AugustwhenB. amydraula
populationgdecreassharply(personabbsenations).

VariousParasierola andGoniozus speciehave beenconsideredspotentialbiological
control agentsof Lepidoptera. With this in mind, several specieswere studiedunder
laboratoryconditions(6,16,andreferencesherein). Goniozus emigratus (Rohwer)andG.
legneri Gordhwereintroducedn Californiafor thecontrolof Amyel cistransitella (Walker)
(14). Similarly, G. legneri wasimportedto Israelto control Ectomyel ois ceratoniae (Zeller)
(8). Theestablishmenof G. legneri in Californiawasfollowedby adecreas@n population
densitiesof its host(13).

Evans(4) regardedthe genusParasierola asa subjectve junior synorym of Goniozus.
However, in this papemwe follow Argaman(2) in regardingParasierola asa separatgenus.

The objective of this investigationwasto gatherbiological dataon P. swirskiana asa
basisfor an assessmentf its potentialto control B. amydraula populations. It includes
guantitatve studiesof oviposition behaior andimmaturedevelopment.alongwith some
gualitatve obsenations.

MATERIALS AND METHODS

Batrachedra amydraula larvae were collectedfrom field-infestedfruits. Additional
larvae were obtainedfrom eggslaid by adult mothsin the laboratory The P. swirskiana
colory was establishedising nine adult femalescollectedin the dateorchardsof Eilot,
Ketura, Yahel and Yotvata, plus four femaleswhich emeged from two parasitizedB.
amydraula larvaefrom Eilot andYotvata.

All femaleparasitoidausedin the studyweregiventhe opportunityto mate. Females
from mixed (male andfemale)broodscopulatedwith their siblings, andthosefrom all-
femalebroodswereexposedo malesafteremegence.

Sixteenfemale parasitoids five collectedin the field and 11 which emegedin the
laboratory were placedindividually in plastic petri dishes(diam 85 mm), with honey
streaksappliedto the inner surfaceof eachlid. A singleB. amydraula larva wasweighed
andthenplacedwith eachparasitoid.Thelid of the petri dishwassecuredvith two rubber
bands.

Each host and parasitoidwas examineddaily. Parasitoidbehaior, including host
feeding, host attack and oviposition, and position relative to the host, were recorded.
Whenever the parasitoidfailed to oviposit on the hostwithin 2 daysof its introduction,
the latter wasremoved. Whenit was parasitizedand the waspnot obsened nearby the
hostwasremoved andplacedin ano. 1 gelatincapsule.Whenit wasparasitizedandthe
waspobsenedon or nearit, we assumedhat the parasitoidmay have not yet completed
its oviposition, and the hostwas thereforeleft in the petri dish for one additional day.
The parasitizedhost was removed to a capsuleno later than 2 daysafter the first eggs
were obsened even if the parasitoidremaineduponit. This was donein order to (i)
preventunnecessargamageo developingparasitoidiarvaeduring transferof the hostto
the capsuleand(ii) enablethe waspto parasitizeanothethostsothatit would morefully
realizeits ovipositionpotential.In all casestemoval of thehostwasfollowedimmediately
by introductionof a fresh B. amydraula larva. Eachhostlarva was exposedto only one
parasitoid sothatall eggson ary givenhostwereprogety of asinglewasp.
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Theimmatureparasitoidstagewasdetermineddaily. Durationof theimmaturestages
wasdeterminedisingdatafor the mostmatureindividual of eachbroodwhich produced
atleastoneadultwasp.Longevity wasdeterminedy placingindividual malesor females
in petri dishesas describedabove. Resultsare given asmean+ SE. Temperaturevas
maintainecat 26 + 2°C andrelative humidity rangedbetweer30%and50%.

RESULTS AND DISCUSSION

Adult longevity Femaledived34.9+ 3.1days(ranged4—72days;n=46). Therewasno
significantdifferencein longevity betweenfemalesprovided with, or deprived of, hosts
(with hosts33.3+ 5.1 days,n=12; without hosts35.4 + 3.9 days,n=34; Students t-test,
t=0.29,P>0.77).Maleslived 20.5+ 4.9days(range2-57days;n=15).
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Fig. 1. Relationshipbetweenwveightof Batrachedra amydraula hostsandnumberof eggsdeposited
by Parasierola swirskiana females.

Adult behavior Host attack and oviposition: Upon encounteringhe host, the female
immediately standson it, attachingits mandiblesto the dorsumof the hosts thorax,
and attemptsto sting its venter betweenthe head and thorax, i.e,, in the vicinity of
the subesophagealanglion. If successfulthis causesthe immediateand permanent
immobilization of the host. The femaleusuallyleavesthe hostafter several secondsand
begins grooming. Alternatively, it may remainattachedto the hostwith its mandibles
without movement.After restingfor severalminutes the parasitoidreturnsto the hostand
beginsto walk uponit backandforth, moving its antennaeonstantly This behaior may
beinterpretedasassessmeimif the paralysisandsizeof thehost.If paralysiss incomplete,
thewaspmay stingthe hostagainin thethoraxor abdomenEvenhostsonwhich eggshad
alreadybeendepositedvereobsenedto be stungin this manner
Ovipositionusuallycommenceadvithin 24 h of paralysisandwithin 48 h of completion
of ovipositiononthe previoushost. Eggdepositionron asinglehostmaylastseveralhours,
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during which time the parasitoidusually remainsuponthe host. Laying of a single egg
lastsapproximatelyd min.

The egg is usuallylaid parallelto the longitudinal axis of the host. In general,the
females ovipositional stanceis random: 52% of the eclosinglarvae facedthe anterior
end of the host, while 48% facedthe posteriorend. However, eggson a particularhost
areusuallylaid with the sameorientation: on 31% of the hostsall eclosinglarvaefaced
the anteriorend, on 31% all larvaefacedthe posteriorend, and on 38% of the hoststhe
parasitoidarvaefacedeitherdirection(n=144).

TABLE 1. Positionof Parasierola swirskiana eggson Batrachedra amydraula larvae

Segment Aspect Total
Dorsal Lateral Ventral
T1 0 1 0 1
T2 0 4 0 4
T3 11 8 1 20
Al 31 28 1 60
A2 70 48 2 120
A3 114 81 4 199
A4 138 114 5 257
A5 98 78 1 177
A6 47 37 5 89
A7 18 16 1 35
A8 3 1 0 4
Total 530 416 20 966

#T = Thoracicsggment;A = Abdominalsegment.

Positionof eggson the hostis detailedin Table1. Thereis a clearpreferenceor the
hosts dorsum(55%) andsides(43%),with only 2% of eggslaid ventrally. Eggdeposition
uponthe host’s dorsumis typical of Parasierola specieg5). Sixty-six percentof the eggs
weredepositecn abdominakegments3-5(n=966).

Waspsparasitizedhird to fifth instarB. amydraula larvae (i.e., the lastthreeinstars)
weighingaminimumof 0.5mg, but no progery completeddevelopmenbn hostsweighing
lessthan1.0 mg. Clutchsizerangedfrom 1 to 13 eggsper host,andcorrelatedoositively
with hostweight (Fig. 1). Similar relationshipsbetweenclutch size andsize of the host
have beendemonstratefor otherbethylids(5,11,12,15).Femaledaid anaverageof 60.4
+ 10.2eggson 11.6+ 1.9 hostsin their lifetime, or 2.0 + 0.2 eggson 0.36+ 0.03hosts
perday (n=16). A field-collectedfemalewasthe mostfecund,depositingl52 eggson 29
hostsin 53 days.

Host feeding Parasitoidswerefrequentlyobsened feedinguponB. amydraula larvae
thatthey hadparalyzedpften beforeandoccasionallyafter the depositingof eggs. Some
hostswere usedonly for feedingand not for oviposition. Femalesprovided with hosts
apparentlyutilized themastheir solefood source andwerenever obsenedfeedingon the
honey streaks.

Brood guarding Parasitoidswere obsened standingmotionlessupon 97 of 186 hosts
(52%). At thetime of obsenation, 29 hostswere paralyzedwithout parasitoideggs, 61
with parasitoideggs, and seven with developing parasitoidlarvae. In most casesthe
wasp left the host temporarilyif disturbed,e.qg. dueto handlingof the petri dish, as
reportedfor Parasierola nigrifemur (Ashmead)(5). Oviposition of a full clutch often
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lastsfor several hours. Thus, passie standingupon the host may simply be dueto a
physiologicalrequiremento wait for the completedevelopmentof a sufficient number
of eggsto completethe clutch. However, the presenceof the parasitoidin the vicinity
of the hostmay enablethe waspto prevent or detersuperparasitismmultiparasitismor
hyperparasitisnof the host(9,18).

Active defenseof the hostwas occasionallyobsened, with the parasitoidspreading
its mandiblesandbiting objectspresentedo it suchasa smallbrush. Suchbehaior was
reportedalsofor Parasierola bicarinata (Brues)(3). Active defenseor standinguponhosts
on which oviposition had beencompletedmay be consideredrood guarding. Apparent
broodguardingwasalsoobsenedin field-collecteddates.

(1

Fig. 2. a(left). Mid-stageParasierola swirskiana larva. b (right). Late-stageéParasierola swirskiana
larva. Eachbarrepresentd mm.

Development of immature stages TheP. swirskiana egg is white, sausage-shapednd
hatchesl.3 + 0.05 daysafter deposition(n=92). The larva begins feedingimmediately
after eclosion,beforefreeingitself from the chorion. Thusit is difficult to distinguish
betweenthe egg andthe newly eclosedarva, andimpossibleto recordthe exacttime of
eclosion.Thelarvaremainsattachedo the hostthroughouits developmentanddetaching
it causeshelarva’'sdeath.Thelarvagrowsfrom lessthan0.5mmlongateclosion(equalto
thesizeof theegg)to over2 mmlongwhenfully developed.At firstthelarvais transparent
andpearshapedthe mandiblesattachedo the host’s integument.Eventuallyit assumes
yellow color, anddevelopsa ‘neck’ which protrudesnto the host's body. This protrusion
becomesapparentvhenthelarvais ~ 1 mmlong (Fig. 2a),andwhenfully developedis
comprisedof the larva’s headandthorax(Fig. 2b). The parasitoids body externalto the
hostlacksnearlyary signof sggmentationgxceptfor aslight appearancef segmentation
in themid-stagdarva (Fig. 2a). The headandthoraxwhich projectinto thehosts bodyin
thelate-stagdarva areclearly sggmentedFig. 2b).

Thelarva detached$rom the exsanguinatedhost2.3 + 0.06 daysaftereclosion(n=92).
The prepupais clearly segmentedthroughoutand lacks the narraving of the thoracic
segmentsfound in the feedinglarva. It normally begins to spin a cocoonshortly after
detachmentrom the host, usually adjacentto the shriveled host integument. Of 350
parasitoidshat reachecdthe adult stage,26 malesand 7 femalesnever formed cocoons.
A blackishmeconiumis formedat oneendof thecocoonl.5+ 0.06daysafterdetachment
from the host(n=91). Meconiumformationis concludedwith lighter-color secretiorfrom
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the gut 1.2 + 0.08 dayslater (n=27). Apolysis occursat this stageand a pharatepupa
is formed. Somepigmentationof the pupal eye is alreadyapparentthroughthe larval
integument. Ecdysisoccurs1.1 + 0.08 days after apolysis(n=27). Pigmentationof
the compoundeye begins at its posteriormaigin, graduallyspreadingto the whole eye.
Simultaneously pigmentationof the ocelli occurs. Both the eye and ocelli are at first
pinkish-red Jaterdarkeninguntil becomingorownish-black.4.6 + 0.09daysafterapolysis
(n=86),the headandthoraxbecomedusky andthenblack. Pigmentatioris initially most
prominentdorsallyin the propodeum and ventrally in the headand anterior mamgin of
eachthoracicsggment. Pigmentatiorof the gasterbegins only whenthe headandthorax
are almosttotally black, spreadingrom the posteriormaigin forward in eachabdominal
segment. This latter sequencef pigmentationis similar to that describedoy Gordh (5)
for Goniozus gallicola Fouts. Twenty-four hours after appearancef the first signs of
pigmentation,the whole body is black, exceptfor the legs and antennaeand the most
posteriorabdominakseggment— which remaindight until shortlybeforeadultemegence.

Up to 13individualsdevelopsuccessfullyto theadultstageon a singlehostlarva. The

adultemepges2.9+ 0.12daysaftertheonsewf cephalicandthoracicpigmentation(n=91),
or 7.4+ 0.15daysafterapolysis(n=87). Total developmentime from egg to adultis 13.6
+ 0.2days(rangel1-18days;n=87).
Adult emergence Males emege from their cocoon approximatelyone day before
femalesof the samebrood and chev a hole in the females’cocoons,which they enter
Copulationtakes placeinside the cocoons. However, sincefemalesemenging from all-
femalebroodsand later exposedto malesproducedboth male and femaleprogely, it is
assumedhatcopulationmayalsooccurafterfemalesemegefrom their cocoons.

Of 16 femalesproducingadult progery, two probablyunfertilized femalesproduced
only males. In almostall broodsthat producedboth sexes, the majority of progery were
female.For example thelargestbroodproducedhreemalesandtenfemales.Full analysis
of thesex ratio wasnot performeddueto the high developmentamortality (seebelow).

Onefield-collectedfemale,after depositingl 10 eggsin thefirst 37 daysthatshewas
heldin thelaboratorybeganto depositggsthatproducednly males.Thismayhave been
theresultof spermdepletion,asreportedfor G. legneri (7).

Survival of immaturestages Mortality of theimmaturestagesvashigh. Only 94 of 186
parasitizedhosts(51%) producedadultparasitoids Of 966 eggsdeposited260(27%)died
aseggs,175(18%) asfeedinglarvae, 101 (10%) asprepupaell (1%) aspharatepupae,
51 (5%)aspupaeandl17(2%) asadultswhich did notemegefrom thecocoonswith only
351 (36%) producingactive adults. Comparedvith developmentaimortality of only 28%
for Goniozus nephantidis (Muesebeck)10), this suggestshatthe rearingproceduremay
not have beensuitable.

Biological control potential Parasierola swirskiana is uncommonon first-generation
larvaeof B. amydraula, appearingn thefield only onthelastof thesdarvae,in early May
(personabbsenations).Populationlevels of the parasitoidmaybetoo low to be detected
beforethis time. Alternatively, P. swirskiana may avoid earlierseasorparasitismbecause
of the size of the datefruits, which may be too smallto accommodatéoththe hostlarva
andthe parasitoid.Smallfruit sizeearlyin theseasorsimilarly forcesB. amydraula larvae
to leave thefruits andpupatein their fourth ratherthanfifth instar(personabbsenations).
P. swirskiana attackslate-instafarvae,thuscontributing to a reductionin infestationonly
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in the subsequengeneration As few first-generatiodarvaeareparasitizedP. swirskiana
haslittle immediateimpacton the damage-inflictingsecondyeneration.

The combinationof adult femalelongevity (maximum> 70 days),shortgeneration
developmenttime (meanl4 days),laying of several (mean5) eggs per host, and brood
guarding,resultsin a relatively high parasitoidpopulationdensityin the summermonths
which may be sufficient to suppresghird-generationB. amydraula populations. Many
second-generatiol. amydraula larvae enter diapauseto emepe the following year
(personabbsenations),possiblyto avoid a high probability of parasitisnof their progery
asthird-generationtarvae.

The generallylow natural levels of parasitismby P. swirskiana are in themseles
insufficient to provide decisve short-termcontrol. However, augmentatie releaseof P.
swirskiana on first-generatiorB. amydraula larvaemay be consideredn the futureasan
alternatve to the currentpracticeof chemicaltreatments. Furtherstudiesare necessary
beforetheimplementatiorof suchreleasesincluding evaluationof whetherthe parasitoid
developssuccessfullyithin smallfruits, anddevelopmenbf a methodfor mass-rearing.
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