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Oviposition Behavior and Development of Immature
Stages of Parasierola swirskiana, a Parasitoid of the Lesser

Date Moth Batrachedra amydraula

Avi Eitam
�

Parasierola swirskiana Argaman(Hymenoptera:Bethylidae)is a parasitoidof the moth
Batrachedra amydraula Meyrick, apestof unripefruits of thedatepalm,Phoenix dactylifera
L. Theparasitoidis mostcommonlyfoundin thefield on second-generationhostlarvae. Its
biologicalcharacteristicswerestudiedin the laboratory. Adult longevity averaged34.9and
20.5 daysfor femalesandmales,respectively. Clutch sizerangedbetween1 and13 eggs
per host,andwaspositively correlatedwith hostweight. Femaleslaid an averageof 60.4
eggson 11.6hosts,with a maximumof 152eggson 29 hostsin 53 days. Parasitoidswere
observedstandingmotionlessupon52%of theparalyzedhosts,andactivebrooddefensewas
occasionallyobserved. Immaturedevelopmentis described.Total developmenttime from
egg to adult averaged13.6daysat 26 � 2� C and30-50%r.h. Thepotentialfor utilizing P.
swirskiana for biologicalcontrolof B. amydraula is discussed.
KEY WORDS:Parasierola; Batrachedra; Goniozus; ovipositionbehavior; clutchsize;brood
guarding;immaturedevelopment;biologicalcontrol.

INTRODUCTION

The lesserdatemoth Batrachedra amydraula Meyrick (Lepidoptera:Batrachedridae)
is amajorpestof unripefruits of thedatepalm,Phoenix dactylifera L., in Iran,Iraq,Libya,
Egypt and Israel (1,17,19),causingup to 75% yield loss (17). In the Arava Valley of
southernIsrael,B. amydraula hasat leastthreegenerationsperyear(19). First-generation
larvaeareobserved from late March until early May, andsecond-generationlarvaefrom
May until mid-June. There may be considerableoverlap of generations. Population
densitiesandconsequentdamageareusuallymuchhigherduring the secondgeneration.
Much lower numbersof B. amydraula larvaeareobserved until mid-August,apparently
representingat leastoneadditionalgeneration.Eachlarva may feeduponseveral fruits,
thenumberof fruits perlarvaapparentlydecreasingastheseasonprogressesandfruit size
increases.

Parasierola swirskiana Argaman1992 (Hymenoptera:Bethylidae)(2) parasitizesB.
amydraula larvae in the southernArava Valley. This ectoparasitoidhasbeencollected
in most dateorchardsin the region. It is found in all major datevarieties,but is most
prominentin ‘Deglet Nour’, lessso in ‘Zahidi’ and‘Hadrawi’, andcomparatively rarein
‘Medjoul’. Adults areobserved from early May until August,with the largestnumbers
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of parasitoidsseenin lateMay andearlyJune,on second-generationB. amydraula larvae.
Thelevel of parasitismis usuallylow. Parasitismof above10%hasbeenobservedonly at
veryhighdensitiesof second-generationlarvaeor duringJuly–August,whenB. amydraula
populationsdecreasesharply(personalobservations).

VariousParasierola andGoniozus specieshavebeenconsideredaspotentialbiological
control agentsof Lepidoptera. With this in mind, several specieswere studiedunder
laboratoryconditions(6,16,andreferencestherein).Goniozus emigratus (Rohwer)andG.
legneri Gordhwereintroducedin Californiafor thecontrolof Amyelois transitella (Walker)
(14). Similarly, G. legneri wasimportedto Israelto controlEctomyelois ceratoniae (Zeller)
(8). Theestablishmentof G. legneri in Californiawasfollowedby adecreasein population
densitiesof its host(13).

Evans(4) regardedthegenusParasierola asa subjective junior synonym of Goniozus.
However, in thispaperwefollow Argaman(2) in regardingParasierola asaseparategenus.

Theobjective of this investigationwasto gatherbiologicaldataon P. swirskiana asa
basisfor an assessmentof its potentialto control B. amydraula populations.It includes
quantitative studiesof ovipositionbehavior andimmaturedevelopment,alongwith some
qualitativeobservations.

MATERIALS AND METHODS

Batrachedra amydraula larvae were collectedfrom field-infestedfruits. Additional
larvaewereobtainedfrom eggslaid by adult mothsin the laboratory. The P. swirskiana
colony wasestablishedusingnine adult femalescollectedin the dateorchardsof Eilot,
Ketura, Yahel and Yotvata, plus four femaleswhich emerged from two parasitizedB.
amydraula larvaefrom Eilot andYotvata.

All femaleparasitoidsusedin thestudyweregiventheopportunityto mate.Females
from mixed (maleandfemale)broodscopulatedwith their siblings,andthosefrom all-
femalebroodswereexposedto malesafteremergence.

Sixteenfemaleparasitoids,five collectedin the field and 11 which emerged in the
laboratory, were placedindividually in plastic petri dishes(diam 85 mm), with honey
streaksappliedto the innersurfaceof eachlid. A singleB. amydraula larva wasweighed
andthenplacedwith eachparasitoid.Thelid of thepetridishwassecuredwith two rubber
bands.

Each host and parasitoidwas examineddaily. Parasitoidbehavior, 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. When it wasparasitizedandthe waspnot observed nearby, the
hostwasremovedandplacedin a no. 1 gelatincapsule.Whenit wasparasitizedandthe
waspobservedon or nearit, we assumedthat the parasitoidmayhave not yet completed
its oviposition, and the host was thereforeleft in the petri dish for one additionalday.
The parasitizedhost was removed to a capsuleno later than 2 daysafter the first eggs
were observed even if the parasitoidremainedupon it. This was done in order to (i)
preventunnecessarydamageto developingparasitoidlarvaeduring transferof thehostto
thecapsule;and(ii) enablethewaspto parasitizeanotherhostsothat it would morefully
realizeits ovipositionpotential.In all cases,removal of thehostwasfollowedimmediately
by introductionof a freshB. amydraula larva. Eachhost larva wasexposedto only one
parasitoid,sothatall eggson any givenhostwereprogeny of a singlewasp.
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Theimmatureparasitoidstagewasdetermineddaily. Durationof theimmaturestages
wasdeterminedusingdatafor the mostmatureindividual of eachbroodwhich produced
at leastoneadultwasp.Longevity wasdeterminedby placingindividualmalesor females
in petri dishesas describedabove. Resultsare given as mean � SE. Temperaturewas
maintainedat26 � 2� C andrelativehumidity rangedbetween30%and50%.

RESULTS AND DISCUSSION

Adult longevity Femaleslived34.9 � 3.1 days(range4–72days;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;Student’s t-test,
t=0.29,P � 0.77).Maleslived20.5 � 4.9days(range2–57days;n=15).

Fig. 1. Relationshipbetweenweightof Batrachedra amydraula hostsandnumberof eggsdeposited
by Parasierola swirskiana females.

Adult behavior Host attack and oviposition: Upon encounteringthe host, the female
immediatelystandson it, attachingits mandiblesto the dorsumof the host’s thorax,
and attemptsto sting its venter betweenthe headand thorax, i.e., in the vicinity of
the subesophagealganglion. If successful,this causesthe immediateand permanent
immobilizationof the host. The femaleusuallyleavesthe hostafter several secondsand
begins grooming. Alternatively, it may remainattachedto the host with its mandibles
without movement.After restingfor severalminutes,theparasitoidreturnsto thehostand
beginsto walk uponit backandforth, moving its antennaeconstantly. This behavior may
beinterpretedasassessmentof theparalysisandsizeof thehost.If paralysisis incomplete,
thewaspmaystingthehostagainin thethoraxor abdomen.Evenhostsonwhicheggshad
alreadybeendepositedwereobservedto bestungin this manner.

Ovipositionusuallycommencedwithin 24h of paralysis,andwithin 48h of completion
of ovipositionontheprevioushost.Eggdepositiononasinglehostmaylastseveralhours,
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during which time the parasitoidusually remainsuponthe host. Laying of a singleegg
lastsapproximately4 min.

The egg is usually laid parallel to the longitudinal axis of the host. In general,the
female’s ovipositional stanceis random: 52% of the eclosinglarvae facedthe anterior
endof the host,while 48% facedthe posteriorend. However, eggson a particularhost
areusually laid with the sameorientation:on 31% of the hostsall eclosinglarvaefaced
the anteriorend,on 31% all larvaefacedthe posteriorend,andon 38% of the hoststhe
parasitoidlarvaefacedeitherdirection(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
A1 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 = Thoracicsegment;A = Abdominalsegment.

Positionof eggson thehostis detailedin Table1. Thereis a clearpreferencefor the
host’sdorsum(55%)andsides(43%),with only 2%of eggslaid ventrally. Eggdeposition
uponthehost’s dorsumis typical of Parasierola species(5). Sixty-six percentof theeggs
weredepositedon abdominalsegments3–5(n=966).

Waspsparasitizedthird to fifth instarB. amydraula larvae(i.e., the last threeinstars)
weighingaminimumof 0.5mg,but noprogeny completeddevelopmentonhostsweighing
lessthan1.0 mg. Clutchsizerangedfrom 1 to 13 eggsperhost,andcorrelatedpositively
with hostweight (Fig. 1). Similar relationshipsbetweenclutch sizeandsizeof the host
have beendemonstratedfor otherbethylids(5,11,12,15).Femaleslaid 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-collectedfemalewasthemostfecund,depositing152eggson 29
hostsin 53 days.

Host feeding Parasitoidswerefrequentlyobserved feedinguponB. amydraula larvae
that they hadparalyzed,oftenbeforeandoccasionallyafter thedepositingof eggs. Some
hostswere usedonly for feedingandnot for oviposition. Femalesprovided with hosts
apparentlyutilized themastheir solefood source,andwereneverobservedfeedingon the
honey streaks.

Brood guarding Parasitoidswereobservedstandingmotionlessupon97 of 186 hosts
(52%). At the time of observation, 29 hostswereparalyzedwithout parasitoideggs,61
with parasitoideggs, and seven with developing parasitoidlarvae. In most casesthe
wasp left the host temporarily if disturbed,e.g. due to handling of the petri dish, as
reportedfor Parasierola nigrifemur (Ashmead)(5). Oviposition of a full clutch often
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lasts for several hours. Thus, passive standingupon the host may simply be due to a
physiologicalrequirementto wait for the completedevelopmentof a sufficient number
of eggs to completethe clutch. However, the presenceof the parasitoidin the vicinity
of the hostmay enablethe waspto prevent or detersuperparasitism,multiparasitismor
hyperparasitismof thehost(9,18).

Active defenseof the hostwas occasionallyobserved, with the parasitoidspreading
its mandiblesandbiting objectspresentedto it suchasa smallbrush.Suchbehavior was
reportedalsofor Parasierola bicarinata (Brues)(3). Activedefenseor standinguponhosts
on which oviposition hadbeencompletedmay be consideredbroodguarding. Apparent
broodguardingwasalsoobservedin field-collecteddates.

Fig. 2. a (left). Mid-stageParasierola swirskiana larva. b (right). Late-stageParasierola swirskiana
larva. Eachbarrepresents1 mm.

Development of immature stages TheP. swirskiana egg is white, sausage-shaped,and
hatches1.3 � 0.05 daysafter deposition(n=92). The larva begins feedingimmediately
after eclosion,beforefreeing itself from the chorion. Thus it is difficult to distinguish
betweenthe egg andthe newly eclosedlarva, andimpossibleto recordthe exact time of
eclosion.Thelarvaremainsattachedto thehostthroughoutits development,anddetaching
it causesthelarva’sdeath.Thelarvagrowsfrom lessthan0.5mmlongateclosion(equalto
thesizeof theegg)to over2 mmlongwhenfully developed.At first thelarvais transparent
andpear-shaped,themandiblesattachedto thehost’s integument.Eventuallyit assumesa
yellow color, anddevelopsa ‘neck’ which protrudesinto thehost’s body. This protrusion
becomesapparentwhenthe larva is � 1 mm long (Fig. 2a),andwhenfully developedis
comprisedof the larva’s headandthorax(Fig. 2b). Theparasitoid’s bodyexternalto the
hostlacksnearlyany signof segmentation,exceptfor a slight appearanceof segmentation
in themid-stagelarva (Fig. 2a).Theheadandthoraxwhich projectinto thehost’sbodyin
thelate-stagelarvaareclearlysegmented(Fig. 2b).

Thelarva detachesfrom theexsanguinatedhost2.3 � 0.06daysaftereclosion(n=92).
The prepupais clearly segmentedthroughoutand lacks the narrowing of the thoracic
segmentsfound in the feedinglarva. It normally begins to spin a cocoonshortly after
detachmentfrom the host, usually adjacentto the shriveled host integument. Of 350
parasitoidsthat reachedthe adult stage,26 malesand7 femalesnever formedcocoons.
A blackishmeconiumis formedatoneendof thecocoon1.5 � 0.06daysafterdetachment
from thehost(n=91).Meconiumformationis concludedwith lighter-color secretionfrom
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the gut 1.2 � 0.08 dayslater (n=27). Apolysis occursat this stageanda 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 posteriormargin, graduallyspreadingto the whole eye.
Simultaneously, pigmentationof the ocelli occurs. Both the eye and ocelli are at first
pinkish-red,laterdarkeninguntil becomingbrownish-black.4.6 � 0.09daysafterapolysis
(n=86),theheadandthoraxbecomedusky andthenblack. Pigmentationis initially most
prominentdorsally in the propodeum,and ventrally in the headand anteriormargin of
eachthoracicsegment. Pigmentationof thegasterbeginsonly whentheheadandthorax
arealmosttotally black, spreadingfrom the posteriormargin forward in eachabdominal
segment. This latter sequenceof pigmentationis similar to that describedby Gordh(5)
for Goniozus gallicola Fouts. Twenty-four hoursafter appearanceof the first signsof
pigmentation,the whole body is black, except for the legs and antennae,and the most
posteriorabdominalsegment– which remainslight until shortlybeforeadultemergence.

Up to 13 individualsdevelopsuccessfullyto theadultstageon a singlehostlarva. The
adultemerges2.9 � 0.12daysaftertheonsetof cephalicandthoracicpigmentation(n=91),
or 7.4 � 0.15daysafterapolysis(n=87).Total developmenttime from egg to adult is 13.6

� 0.2days(range11–18days;n=87).

Adult emergence Males emerge from their cocoon approximatelyone day before
femalesof the samebrood and chew a hole in the females’cocoons,which they enter.
Copulationtakesplaceinside the cocoons. However, sincefemalesemerging from all-
femalebroodsandlater exposedto malesproducedboth maleandfemaleprogeny, it is
assumedthatcopulationmayalsooccurafterfemalesemergefrom their cocoons.

Of 16 femalesproducingadult progeny, two probablyunfertilizedfemalesproduced
only males. In almostall broodsthatproducedbothsexes,the majority of progeny were
female.For example,thelargestbroodproducedthreemalesandtenfemales.Full analysis
of thesex ratiowasnot performed,dueto thehighdevelopmentalmortality (seebelow).

Onefield-collectedfemale,afterdepositing110eggsin thefirst 37 daysthatshewas
heldin thelaboratory, beganto depositeggsthatproducedonly males.Thismayhavebeen
theresultof spermdepletion,asreportedfor G. legneri (7).

Survival of immature stages Mortality of theimmaturestageswashigh. Only 94of 186
parasitizedhosts(51%)producedadultparasitoids.Of 966eggsdeposited,260(27%)died
aseggs,175 (18%)asfeedinglarvae,101 (10%) asprepupae,11 (1%) aspharatepupae,
51(5%)aspupae,and17(2%)asadultswhichdid notemergefrom thecocoons,with only
351(36%)producingactive adults.Comparedwith developmentalmortality of only 28%
for Goniozus nephantidis (Muesebeck)(10), this suggeststhat the rearingproceduremay
not havebeensuitable.

Biological control potential Parasierola swirskiana is uncommonon first-generation
larvaeof B. amydraula, appearingin thefield only on thelastof theselarvae,in earlyMay
(personalobservations).Populationlevelsof theparasitoidmaybetoo low to bedetected
beforethis time. Alternatively, P. swirskiana mayavoid earlier-seasonparasitismbecause
of thesizeof thedatefruits, which maybetoo small to accommodateboththehostlarva
andtheparasitoid.Smallfruit sizeearlyin theseasonsimilarly forcesB. amydraula larvae
to leave thefruits andpupatein their fourth ratherthanfifth instar(personalobservations).
P. swirskiana attackslate-instarlarvae,thuscontributing to a reductionin infestationonly
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in thesubsequentgeneration.As few first-generationlarvaeareparasitized,P. swirskiana
haslittle immediateimpacton thedamage-inflictingsecondgeneration.

The combinationof adult femalelongevity (maximum � 70 days),short generation
developmenttime (mean14 days),laying of several (mean5) eggsper host,andbrood
guarding,resultsin a relatively high parasitoidpopulationdensityin the summermonths
which may be sufficient to suppressthird-generationB. amydraula populations. Many
second-generationB. amydraula larvae enter diapauseto emerge the following year
(personalobservations),possiblyto avoid a highprobabilityof parasitismof their progeny
asthird-generationlarvae.

The generally low natural levels of parasitismby P. swirskiana are in themselves
insufficient to provide decisive short-termcontrol. However, augmentative releasesof P.
swirskiana on first-generationB. amydraula larvaemaybe consideredin the futureasan
alternative to the currentpracticeof chemicaltreatments.Furtherstudiesarenecessary
beforetheimplementationof suchreleases,includingevaluationof whethertheparasitoid
developssuccessfullywithin smallfruits, anddevelopmentof a methodfor mass-rearing.
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