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Introduction
Embiopteraareasmallinsectorderdistributedin

tropicalandtemperatezones,membersofwhichare
characterizedbythepossessionofsilkglandsinthefirst
basitarsi.TheinterordinalrelationshipsinPolyneoptera
arehighlycontroversial,andtheplacementofEmbioptera
inPolyneopteraiscontentious.WhereasEmbiopteraare
consideredasistergroupofPlecopterawithmodifica-
tionsofthemaletenthtergum andparaproctsinto
copulatoryclaspers,suppressionofphallomeres,and
areductioninthebranchingofveinsRsandM
(Boudreaux,１９７９),acloserelationshipbetweenEmbiop-
teraandZorapteraissuggestedfrom thewingbase
structures(Yoshizawa,２００７),orthelegstructuresand
biology(EngelandGrimaldi,２０００,２００６;Grimaldiand
Engel,２００５).Also,themusculatureoftheparaglossae
(Rähle,１９７０)andrecentmoleculardata(e.g.,Whitinget
al.,２００３;TerryandWhiting,２００５;Kjeretal.,２００６)
show acloserrelationshipbetweenEmbiopteraand
Phasmatodea.

Therehavebeenfewstudiesontheeggstructureof
Embioptera,mostofwhichweremerelyapartofstudies
onbiology(Melander,１９０３;Ross,２０００)andreproduc-
tion(Stefani,１９５５,１９５６;Niwaetal.,１９９３).Jintsuetal.
(２００７)examinedtheeggsofEmbiopterawithlightand

scanning electronicmicroscopesusing aJapanese
webspinner,Aposthoniajaponica,asmaterials,andfound
acloseresemblancewithphasmatodeaneggsincluding:
１)anoperculumontheanteriorpoleoftheegg,２)a
singlemicropyleontheventralsurfaceoftheegg,and３)
apolarmoundontheposteriorpoleoftheegg.Inthe
presentstudy,theultrastructureoftheeggmembranes
ofAposhtoniajaponicawasexaminedindetailby
transmissionelectronmicroscopyandcomparedtothat
ofPhasmatodea.

MaterialsandMethods
FemalesofAposthoniajaponicawerecollectedin

Kagoshima,JapaninJune２００５.Forlightmicroscopy,
eggswerefixedwithBouin’sfixative,processedinto２-
µm-thickmethacrylatesectionsinaccordancewith
Machidaetal.(１９９４a,b),andstainedwith１%Delafield’s
hematoxylin,１.５%eosin,and０.０５%fastgreenFCF.For
transmissionelectronmicroscopy,theeggswerepre-
fixedwithKarnovsky’sfixative(２%paraformaldehyde+
２.５% glutaraldehyde)bufferedwith０.１M HCl-sodium
cacodylate(pH７.５)andpost-fixedwith１% osmium
tetroxide,dehydratedinagradedethylalcoholseries,
embeddedinlowviscositySpurr’sepoxyresin(Nisshin
EM),andprocessedwithanultramicrotome(RMCMT-
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XL)intoultrathinsections.Thesectionsweredouble-
stainedwithuranylacetateandleadcitrateandobserved
underatransmissionelectronmicroscope(TOPCON
LEM-２０００)at９０kV.

ResultsandDiscussion
Eggstructure

ThegeneralstructureofAposhtoniajaponicaeggsis
asdescribedbyJintsuetal.(２００７).Theeggsare
ellipsoidalandabout１mminlongand０.５mminshort
diameter(Fig.１A,B).Theyconsistoftheoperculumin
theanteriorpartandtheremainingpartorbodyregion
(=mainbodyinJintsuetal.,２００７).Theoperculumis
ellipsoidal,３５０–４００µm inlengthand２５０–３００µm in
width,andinclinesventrally(Figs.１A,B,３).Itis
surroundedbyathickenedrim calledthe‘opercular
collar’(Figs.１A,B,３).Athatching,theoperculumis
detachedfromthebodyregionduetothesplittingofthe

opercularcollar.Ontheventralsideoftheeggabout５
µmfromtheopercularcollarisamicropylartube,which
isasingletube６０–７５µminlength(Figs.１A,B,３,５),and
atitsposteriortipamicropyleopens(Fig.５).The
micropylarpassageorthemicropylarcanalstartsatthe
micropyle,runsanteriorlyinthemicropylartubeupto
justposteriortotheopercularcollar,therepenetrating
thechorion,thenreversesitsdirection,andruns
posteriorlyjustbeneaththechorion.Theinneropening
ofthemicropylarcanalisabout１００µmposteriortothe
opercularcollar(Fig.６).Attheposteriorpoleoftheegg
slightlybiasedventrally,thereisadiscoidalswelling
５０–７０µmindiameter,namedthe‘polarmound’(Figs.
１A,B,３,９A).

Eggmembranes
Transmissionelectronmicroscopyhasrevealedthe

specializationofeggmembranesaroundtheoperculum,
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Figs.１,２GeneralstructuralfeaturesofeggsandeggmembranesofAposthoniajaponica.
Fig.１ SEMsofanegg(Jintsuetal.,２００７).A.Ventralview.B.Lateralview.
Fig.２ TEMsofeggmembranes.A.Exochorion,endochorionandvitellinemembrane,eachartificiallyseparated.B.Enlargementofthe

exochorionandendochorion.Theexochorionbecomesspongiertowardstheinside,showingasedimentedrods-likestructure.C.
Enlargementoftheendochorion,whichiscomposedof９–１０thinlayers(arrowheads)andcolumns.

BR:bodyregion,Co:column,En:endochorion,Ex:exochorion,MpT:micropylartube,Op:operculum,OpC:opercularcollar,PM:polarmound,RS:
rod-likestructure,VM:vitellinemembrane.Scales=１:１００µm;２A,B:１µm;２C:０.５µm．
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micropyleandpolarmound.Firsttheeggmembranesof
thebodyregion,andthentheirregionalspecialization,
aredescribed.

１.Eggmembranesofthebodyregion
Thechorioniscomposedoftheexochorionand

endochorion,thelattermoreelectron-densethanthe
former(Fig.２A,B).Theexochorionisabout５µmthick.
Itsouterhalfisuniforminstructure,butitsinnerhalf
becomesspongiertowardstheinside,exhibitinga
sedimentedrods-likestructure(Fig.２B).Theendocho-
rionis０.６–０.８µm thick,andcomposedof９–１０thin
layers.Theinnermostlayer(about０.１５µmthick)and
thesecondinnermostlayer(about０.０５µmthick)are
connectedtoeachotherbycolumnsabout０.２５µmin
height(Fig.２C).Thevitellinemembraneisasinglethin
layerabout０.０５µmthick(Fig.２A).

InastudyontheoogenesisofAposthoniajaponica,
Niwaetal.(１９９３)reportedthevitellinemembraneasa
layer０.５–０.８µmthick.Thismeasurementistentimes
asthickasours,andcorrespondstothethicknessofthe
endochorion.Itispossiblethattheymistookthe
endochorionforthevitellinemembrane.

TheeggmembranesofPhasmatodea,similarto
thoseofAposthoniajaponica,consistofanexochorion,an
endochorion and avitelline membrane (Carausius
morosus:Hinton,１９８１;Mazzinietal.,１９９３;Bacillus
libanicus:Moscona,１９５０).Theendochorionsofboth
orders have columns.However,there are some
differencesasfollows:１)theexochorionshowsa
successivechangeinstructureinAposthoniajaponica,
whilethatinPhasmatodeaiscomposedofclearlydefined

layers[e.g.,threelayersinCarausiusmorosus(Hinton,
１９８１;Mazzinietal.,１９９３)andeightinBacilluslibanicus
(Moscona,１９５０)],and２)thevitellinemembraneof
Aposthoniajaponicaisverythin,butthatofPhasmatodea
isratherthick(ca.２µminCarausiusmorosus).

２.Specializationoftheeggmembranesaroundthe
operculum
Theexochorionoftheoperculum isabout７µm

thick,andtheouterpartwithauniformstructure,which
isabout５µmthick,ismorethickenedthanthebody
region(Fig.４B).Attheopercularcollar,theexochorion
swellsupto４０–５０µminthicknessanditsouterpartis
highlyspongy(Fig.４A),whileintheinnerpartofthe
exochorion,thereisanelectronlucentarea(whitearrow
inFig.４A),whichcorrespondstothedemarcation
betweentheoperculumandthebodyregionasshownin
ourprevioushistologicalstudy(Jintsuetal.,２００７).The
spongystructureintheouterpartattheopercularcollar
shiftsandcontinuestothespongystructureinthebody
region(Fig.４A).

InPhasmatodea,theeggmembranesarealso
specializedintheoperculum(Hinton,１９８１).Phasmato-
deaneggsoftenhaveaprojectionoftheexochorionora
capitulumatthecenteroftheoperculum,andinthe
operculum ofCarausiusmorosus,thelayersofthe
endochorionarefusedtogetherandlackcolumns.

３.Specializationoftheeggmembranesaroundthe
micropyle
Themicropylartubeisatubularelongationofthe

exochorion(Fig.６).Intheellipsoidalregionaroundthe

Figs.３,４ SectionsofeggsofAposthoniajaponica.
Fig.３ Sagittalsectionofanegg.Ventralistotheleft.
Fig.４ Ultrastructureofeggmembranesaroundtheoperculum.A.Sagittalsectionaroundtheopercularcollar.Theoperculumistotheleft.

Arrowheadsshowthespongystructureintheouterareaoftheopercularcollarandinthebodyregion.Awhitearrowshowstheelectron
lucentareaintheexochorion.B.Enlargementofeggmembranesoftheoperculum.

BR:bodyregion,Em:embryo,En:endochorion,Ex:exochorion,MpT:micropylartube,Op:operculum,OpC:opercularcollar,PM:polarmound,RS:
rod-likestructure,Y:yolk.Scales=３:１００µm;４A:１０µm;４B:１µm．



micropyle,ca.１５０µmlongandca.１００µmwide(Fig.７),
thespongystructureoftheexochorionisdenserin
structurethanintheotherareasofthebodyregion,
withoutasedimentedrods-likestructure.Intheregion,
theendochorionisalsospecializedandlackscolumns
(Fig.８).

InPhasmatodea,theeggmembranesaroundthe
micropylearespecialized,formingthemicropylarplate
(Hinton,１９８１).Atthemicropylarplate,someofthe
layerscomprisingtheexochorionbecomethickerand
spongy.Nearthemicropyle,apillarcalledthemicropylar
stalkdevelops,bywhichtheexochorionandendochorion
areconnected.InCarausiusmorosus,theendochorion
nearthemicropylarstalklackscolumns.Astheegg
membranesarespecializedaroundthemicropylein
Aposthonia japonica like the micropylar plate in
Phasmatodea,wedesignatethisregioninAposthonia
japonicathemicropylarplate.

４.Specializationoftheeggmembranesatthepolar
mound
Atthepolarmound,theexochorionisextremely

thick,ca.５µm,andtheinnerpartca.１０µmthickis
spongy(Fig.９A).Thespongystructureshowsnumerous
verticalarrangements(arrowsinFig.９B).Thelayered
constructionoftheendochorionexcepttheinnermost
layerandcolumnsisdisruptedatthepolarmound,and
theendochorionwhichisrepresentedbytheinnermost
layerandcolumnsisindirectcontactwiththespongy
structureoftheexochorion(Figs.９B,C,１０B).

Theserosalcuticle,acuticulareggenvelope
secretedbyserosaduringtheintertrepsisstage,is
specializedinstructureatthepolarmound.Thatis,itis
ca.２µmthickwithaclearmulti-layeredstructure(Fig.
１０A).However,thatsecretedbeneaththepolarmoundis
abouthalfasthickanditslayeredconstructionis
obliterated(Fig.１０B).Thespecializationoftheserosal
cuticleresemblestheserosalcuticlehydropylein
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Figs.５–８UltrastructureofeggmembranesofAposthoniajaponicaaroundthemicropyle.
Fig.５ SEMofamicropylartube(Jintsuetal.,２００７).Anterioristowardthetop.Thearrowshowsamicropyle.
Fig.６ Sagittalsectionofamicropylartube.Blackandwhitearrowsshowamicropyleandaninneropeningofthemicropylarcanal,respectively.
Fig.７ Areaofthemicropylarplate,shownbyarrowheads.
Fig.８ Sectionoftheeggmembranesatthemicropylarplate.Thespongystructureoftheexochorionisdenseandthick,butlackstherods-like

structure.Theendochorionlackscolumns.
En:endochorion,Ex:exochorion,MpC:micropylarcanal,MpP:micropylarplate,MpT:micropylartube,OpC:opercularcollar.Scales=５,６:１０µm;
７:５０µm;８:１µm.
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caeliferans,Melanoplusdifferentialis(Slifer,１９３８;Slifer
andSekhon,１９６３)andLocustapardalina(Matthee,
１９５１).Theserosalcuticlehydropyleissecretedbylarge
serosalcellsorthehydropylecells(Hinton,１９８１),but
suchspecializedserosalcellshavenotbeenobservedin
Aposthoniajaponicaeggs.

Thefindingsinthepolarmoundleadustosuspect
thatthestructureisachorionichydropylarapparatus.
Phasmatodeaneggsusuallydevelopaprojectionatthe
posteriorpole,whichvariesgreatlyinshapeamong
species(Sellick,１９９７).Therehavebeennoultrastruc-
turalstudiesontheseprojections,buttheyarelikelyto
behomologoustothepolarmoundofAposthonia
japonica.

Comparison ofembiopteran and phasmatodean egg
membranes

TheeggmembranesofAposthoniajaponicaare
characterizedby:１)anexochorionwhichbecomes
spongier towards the inside,２)an endochorion

composedof９–１０thinlayersandcolumns,and３)
asingle-layered,thinvitellinemembrane,andare
regionallyspecializedasfollows:４)theexochorionofthe
operculumisdenserandthicker,andattheopercular
collarisswollen and highly spongy,５)the egg
membranesaroundthemicropylearespecializedasa
micropylarplate,wheretheexochorionisdenserin
structureandtheendochorionlackscolumns,and６)the
exochorionaroundthepolarmoundisthickenedand
highlyspongy,andthethinlayersoftheendochorion
aroundthepolarmoundisdissociatedexceptforits
innermostlayerandcolumns.

Theultrastructuralfeaturesofeggmembranes
revealedinEmbiopteraresemblethosereportedin
Phasmatodea,including１)anendochorioncomposedof
layers and columns,２)a single-layered vitelline
membrane,and３)specializationoftheeggmembranes
aroundtheoperculumandmicropyle.Thesesimilarities
areconsistentwiththecloserelationshipbetweenthese
twoorderswhichwe(Jintsuetal.,２００７)previously

Fig.９ UltrastructureofeggmembranesofAposthoniajaponicaaroundthepolarmound.A.Sagittalsectionofapolarmound.Anterioristowardthe
topandventralistotheleft.B.Enlargementofthedorsalpartofthepolarmound.Thinlayers(arrowheads)oftheendochorionexceptthe
innermostlayerandcolumnsaredissociated,andthespongystructureoftheexochorionfillsbetweentheselayers.Therearenumerous
verticalarrangements(arrows)inthespongystructureoftheexochorion.C.Enlargementoftheinnermostlayerandcolumnsofthe
endochorion.Co:column,En:endochorion,Ex:exochorion,PM:polarmound.Scales=９A:１０µm;９B,C:１µm.

Fig.１０ SectionsoftheserosalcuticleofAposthoniajaponica.Theinsideoftheeggistowardthetop.A.Generalstructureoftheserosalcuticle.B.
Serosalcuticlesecretedbeneaththepolarmound.Thissectionalsoclearlyshowsthattheendochorionisdissociatedexceptforthe
innermostlayerandcolumnsinthepolarmound.En:endochorion,SeCu:serosalcuticle.Scales=１µm.



proposedbasedongeneralfeaturesoftheeggs.

Acknowledgments:WeareindebtedtoProfs.K.
TsudaandY.Sakamaki,andmembersoftheLaboratory
ofPlantPathologyandEntomology,theKagoshima
University,fortheirhelpincollectingmaterials,andto
Dr.T.UchifuneoftheYokosukaCityMuseum for
valuable advice.We also thank two anonymous
reviewersforhelpfulcomments.Thepresentstudywas
supportedbyaGrant-in-AidforScientificResearchfrom
theJapanSocietyforthePromotionofScience(Scientific
ResearchB:１７３７００３０)toR.M.ContributionNo.２１４
fromtheSugadairaMontaneResearchCenter,Univer-
sityofTsukuba.

References
Boudreaux,H.B.(１９７９)ArthropodPhylogenywithSpecialReferencetothe
Insects.JohnWileyInterscience,NewYork.

Engel,M.S.andD.Grimaldi(２０００)AwingedZorotypusinMioceneamber
fromtheDominicanRepublic(Zoraptera:Zorotypidae),withdiscussion
onrelationshipsofandwithintheorder.ActaGeológicaHispanica,３５,
１４９–１６４.

Engel,M.S.andD.Grimaldi(２００６)Theearliestwebspinners(Insecta:
Embiodea).AmericanMuseumNovitates,３５１４,１–１５.

Grimaldi,D.andM.S.Engel(２００５)EvolutionoftheInsects.Cambridge
UniversityPress,NewYork.

Hinton,H.E.(１９８１)BiologyofInsectEggs.II.PergamonPress,Oxford.
Jintsu,Y.,T.UchifuneandR.Machida(２００７)Eggmembranesofa
web-spinner,Aposthoniajaponica(Okajima)(Insecta:Embioptera).
ProceedingsoftheArthropodanEmbryologicalSocietyofJapan,４２,１–５.

Kjer,K.M.,F.L.Carlie,J.LitmanandJ.Ware(２００６)Amolecularphylogenyof
Hexapoda.ArthropodSystematicsandPhylogeny,６４,３５–４４.

Machida,R.,T.NagashimaandH.Ando(１９９４a)Embryonicdevelopmentof
thejumpingbristletailPedetontusunimaculatusMachida,withspecial
referencetoembryonicmembranes(Hexapoda:Microcoryphia,Machili-
dae).JournalofMorphology,２２０,１４７–１６５.

Machida,R.,T.NagashimaandT.Yokoyama(１９９４b)Mesodermsegregation
ofajumpingbristletail,PedetontusunimaculatusMachida(Hexapoda:

Microcoryphia),withanoteonanautomaticvacuum infiltrator.
ProceedingsofArthropodanEmbryologicalSocietyofJapan,２９,２３–２４.(in
Jpanese).

Matthee,J.J.(１９５１)ThestructureandphysiologyoftheeggofLocusta
pardalina(Walk).ScienceBulletin,UnionofSouthAfricaDepartmentof
Agriculture,３１６,１–８３.

Mazzini,M.,M.CarcupinoandA.M.Fausto(１９９３)Eggchorionarchitecture
instickinsects(Phasmatodea).InternationalJournalofInsectMorphology
andEmbryology,２２,３９１–４１５.

Melander,A.(１９０３)NotesonthestructureanddevelopmentofEmbia
texana.BiologicalBulletin,４,９９–１１８.

Moscona,A.(１９５０)StudiesontheeggofBacilluslibanicus(Orthoptera,
Phasmidae).QuarterlyJournalofMicroscopicalScience,９１,１８３–１９３.

Niwa,N.,T.NagashimaandM.Matsuzaki(１９９３)Ovarianstructure
andoogenesisofthewebspinnerOligotomajaponica(Embioptera,
Oligotomidae).JapaneseJournalofEntomology,６１,６０５–６１２.

Rähle,W.(１９７０)UntersuchungenanKopfundProthoraxvonEmbiaramburi
Rimsky-Korsakow１９０６(Embioptera,Embiidae).ZoologischeJahrbücher,
AbteilungfürAnatomieundOntogeniederTiere,８７,２４８–３３０.

Ross,E.S.(２０００)Embia:Contributionstothebiosystematicsoftheinsect
orderEmbiidina.Part２:AreviewofthebiologyofEmbiidina.Occasional
PapersoftheCaliforniaAcademyofSciences,１４９,１–３６

Sellick,J.T.C.(１９９７)Descriptiveterminologyofthephasmideggcapsule,
withanextendedkeytothephasmidgenerabasedoneggstructure.
SystematicEntomology,２２,９７–１２２.

Slifer,E.H.(１９３８)Theformationandstructureofaspecialwater-absorbing
areainthemembranescoveringthegrasshopperegg.QuarterlyJournal
ofMicroscopicalScience,８０,４３７–４５７.

Slifer,E.H.andS.S.Sekhon(１９６３)Thefinestructureofthemembranes
whichcovertheeggofthegrasshopper,Melanoplusdifferentialis,with
specialreferencetothehydropyle.QuarterlyJournalofMicroscopical
Science,１０４,３２１–３３４.

Stefani,R.(１９５５)Divisioniamitoticheemodificazionidurantel’oogenesi
nell’ovariodegliEmbiotteri.BollettinodiZoologia,２２,７９–９１.

Stefani,R.(１９５６)IlproblemadellapartenogenesiinHaploembiasolieriRamb.
AttidellaAccademiaNazionaledeiLincei.ClassediScienzeFisiche,
MatematicheeNaturali.Memorie,Ser.８,５,１２７–２０１.

Terry,M.D.andM.F.Whiting(２００５)Mantophasmatodeaandphylogenyofthe
lowerneopterousinsects.Cladistics,２１,２４０–２５７.

Whiting,M.F.,S.BradlerandT.Maxwell(２００３)Lossandrecoveryofwingsin
stickinsects.Nature,４２１,２６４–２６７.

Yoshizawa,K.(２００７)TheZorapteraproblem:EvidenceforZoraptera+
Embiodeafromthewingbase.SystematicEntomology,３２,１９７–２０４.

２４ Y.JINTSUANDR.MACHIDA


