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Introduction
IngiantwaterbugsofBelostomatidae,which

consistoftwosubfamiliesLethocerinaeandBelosto-
matinae,malestakecareoftheeggswithoutassistance
offemales.Thisbehaviorisknownas‘exclusivepaternal
care.’Inthebelostomatinebugs,femalesdeposittheir
eggsasaform ofeggmassontheback(thedorsal
surfacemainlyofthefore-wings)oftheirmates.Males
carrythebatchofeggsontheirbackuntilthenymphs
hatchoutinseveralweeks.Thepaternalcareisvery
importantinthereproductionofbelostomatineinsects
(Tallamy,２００１),andithasbeenshownthattheeggsthat
fallfrommale’sbackshaveareducedrateofsuccessful
hatching(e.g.,Krausetal.,１９８９).

Belostomatinebugspropagateseveraltimes[e.g.,
sixtimesinAppasusmajor(Ohwada,２００２)]inone
reproductiveseason.Auniqueattributeofthesegroups
duetotherequirementforcareisthatthemale
backspaceislikelytobealimitedresourceduringthe
periodsofthepeakeggproductionbyfemales(Smith,
１９７９;Kraus etal.,１９８９).Furthermore,in the
reproductivestrategyofmales,afterfinishingone
propagationcycle,itisnecessarytoenterintothe
followingpropagationcyclepromptly.Whentheegg
batchcarriedbymalesfullycompleteshatching,the
malesmustdroptheremnantsofthehatchedeggmass
immediately,andbeginthefollowingpropagationcycle.
Infact,inthefield,therearealmostnoinstancesin
whichweobservebugsstillshoulderingeggexuviae.
Inregardtothetimingofexfoliationandfallingoffof

theeggbatch,Ando(１９９１,１９９９)whoisanauthorofthis
paperhasledtothefollowinginterestinghypothesis.He
haspresumedthepossibilityasdetailedbelow.１)
Pleuropodia (the firstabdominalappendages)of
belostomatinebugssecreteanenzyme,similartothe
hatchingone,reportedinthegrasshopperMelanoplus

differentialis(Slifer,１９３７).２)Thisenzymeissqueezed
ontotheoutsideoftheegg,todissolvethewax-like
materialorthemucilaginouscementwhichconnectsthe
eggmasstothemale’swing.３)Consequently,the
adherencepowerbetweeneggmassandthemale’swing
decreasesatthislatestageofembryogenesis.

Inordertoconfirm theAndo’s“pleuropodian
hypothesis,”weobservedthedevelopmentofpleuropo-
diaofabelostomatinebug,Appasusjaponicus.

MaterialsandMethods
MaleandfemaleadultsofAppasusjaponicus

(Belostomatidae,Heteroptera)werecollectedfromrice
fieldsandsmallpondsatHora,Matsumoto,Nagano
Prefecture,andrearedinathermostaticroom at
２８±０.５℃.Matingandeggovipositionoccurredinthe
thermostaticroom,andeachmalecarryinganeggbatch
wasseparatelyrearedinthesameconditions.After
removingtheeggsfromthemalewings,theeggswere
fixedwithalcoholicBouin’sfluid(saturatedalcoholic
solutionofpicricacid:formalin:aceticacid=１５:５:１)
atroomtemperaturefor２４h.Fromaportionoftheeggs,
embryosweredissectedinEphrussi-Beadlesolution
withfineforcepsandthenfixed.Thefixedeggsand
embryoswerestoredin７０%ethylalcohol.

Asforthetotalobservation,eggsfixedandstoredin
７０%ethylalcoholwerethenhydratedthroughagraded
ethylalcoholseries,stainedwith０.０５% Mayer’sacid
hemalum(MayersHamalaunlosung,Merck)for２h,and
observedunderamicroscope.

Forhistologicalstudy,thefixedandstoredeggsor
embryoswerehydratedthroughagradedethylalcohol
series,thentransferredto３%hotagarsolutioninahole
slideglassandthenoriented.Theeggorembryo
specimenswereprocessedintoparaffin(ParaplastX-
TRA,FisherHealthCare)sectionsof５µmthickness.To
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softenthechorion,someeggswereimmersedin
amixturecontaining７０% ethylalcoholand５０%
ammoniummercaptoacetateintheratioof９:１for２４h,
priortotheinfiltrationofparaffin.Sectionswerestained
withMayer’sacidhemalumandeosin(EosinYellowish,
Nacalai)[insomecasessupplementarystainedwith
０.０１%fastgreenFCF(TokyoChemicalIndustryCo.)
alcoholicsolution].

ResultsandDiscussion
TheeggperiodofthebelostomatinebugAppasus

japonicusiseighttoninedaysat２８±０.５℃.Its
embryonicdevelopment,beingdividedintoninestages,
thenthefirstinstarnymphalstage,accordingtoTanaka
(２００１),isdescribed,withspecialreferencetothe
developmentofpleuropodium(Table１).Atstage６,just
beforethekatatrepsis,theappendagesofthefirst
abdominalsegmentorthepleuropodiafirstappearasa
pairofsmallswellings(Fig.１).Atstage７,althoughthe
pleuropodiainvaginatetobecomeundiscernibleexternal-

ly,they have developed,to assume a glandular
appearance.Thenucleiofthepleuropodialcellsare
localizedattheirproximalpart,theircytoplasm is
vacuolated,andtheirapicalpartsextend,toformunique
thread-likestructures(cf.Fig.２).Thepleuropodialcells
arefullygrownearlyinstage８,asaresultofthe
enlargementoftheconstituentcells.Thethread-like
structuresprotrudeovertheembryonicbodywall(Fig.
２).Laterinstage８,alargequantityofagranular
substanceappearsoutsidetheembryo,inthevicinityof
pleuropodia.Thissubstancehasahighstainabilitywith
fastgreenFCFsolution(Fig.３).Thissubstanceislikely
tobesecretedfrom thepleuropodia.Atstage９,the
pleuropodialcellsareobservedtobeconspicuously
vacuolated.Byhatching,thepleuropodiahavedegenerat-
ed,andinthefirstinstarnymphalstage,onlytheir
remnantsarefound.Asimilargranularsecretionis
reportedinthebelostomatinebugBelostomaflumineum
byHussey(１９２６).
IntherelatedspeciesAppasusmajor,Kawano
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Table１ EmbryonicstagesandfirstinstarnymphofthebelostomatinebugAppasusjaponicus,withspecialreferencetothepleuropodia.

StateofdevelopmentStage

Maturationdivision;fertilizationStage１

EggcleavageStage２

FormationofblastodermStage３

Formationofembryo;formationofinner-layerStage４

Elongationandsegmentationofembryo;appearanceofcephalicandthoracicappendages;formationofstomodaeumandproctodaeumStage５

Appearanceofpleuropodia;annulationofcephalicandthoracicappendagesStage６

Pleuropodiaassumingtheglandularappearance;revolution(katatrepsis);appearanceofcompoundeyesStage７

Secretionofgranularsubstancebypleuropodium;compoundeyespigmentedStage８

Degenerationofpleuropodia;completionofdorsalclosureStage９

Pleuropodiafoundinthebodysurfaceasremnants１stinstarnymph

Figs.１–３EmbryosofthebelostomatinebugAppasusjaponicus.
Fig.１ Ventralviewofadissectedembryo(stage６)stainedwith０.０５%Mayer’sacidhemalum.Pleuropodiaareclearlyvisibleasapairofsmall

swellings.
Fig.２ Acrosssectionofthefirstabdominalsegmentofadissectedembryo(earlystage８),showingtheleftpleuropodium.
Fig.３ Alongitudinalsectionofembryo(latestage８),showingtheleftpleuropodium.
A１,２,５,９:first,second,fifthandninthabdominalsegments,A-P:anterior-posterioraxis,Ch:chorion,D-V:dorsal-ventralaxis,GrSt:granular
substance,Lb:labium,PC:pleuropodialcell,Pp:pleuropodium,SeCt:serosalcuticle,Th３:metathorax,ThL１–３:pro-,meso-andmetathoracicleg,
TS:thread-likestructuresofpleuropodium,VPC:vacuoleofpleuropodialcells.Scales=１:５００µm;２,３:５０µm.
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(２００３)reportedthattheadherencepoweroftheegg
mass to the male back decreases in the later
developmentalstages.Itmaybeequivalenttothestage
８ toearlyinstage９ ofA.japonicusorthestages
approximatelywhenthegranularsubstanceissecreted
fromthepleuropodiainA.japonicus,judgeingfromthe
figuresofeggsshowninhispaper.Itishighlyprobable
that the granular substance secreted from the
belostomatinepleuropodiaisakindofenzymerelatedto
thedecreaseintheadherencepowerbetweentheegg
massandmaleback.The‘pleuropodianhypothesis’by
Ando(１９９１,１９９９)concerningthedetachmentoftheegg
massfromthemalebackinbelostomatinesisstrongly
supported.
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