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Introduction
Polyneopteraareagroupcomposedofeleven

orders,amongwhichphylogeneticalinterrelationships
remain highlycontroversial(cf.Kristensen,１９８９).
WithinPolyneoptera,Embiopteraareoneoftheorders
whosephylogeneticalpositionvariesmostaccordingto
the discipline employed (e.g.,Boudreaux,１９７９;
Kukalová-Peck,１９９１;Whitingetal.,２００３;Terryand
Whiting,２００５;Kjeretal.,２００６).Thus,Embiopteraarea
significantgroupforreconstructingthephylogenyand
groundplanofPolyneoptera.Forsolvingphylogenetical
issues,thecomparativeembryologicalapproachisoneof
themostpromising.Wehavemadeseveralstudies
ontheembryologyofEmbioptera(Melander,１９０３;
Kershaw,１９１４;Stefani,１９５５,１９５６),butourknowledge
remainsinsufficientandhighlyfragmented.Againstsuch
abackground,westartedanembryologicalstudyon
Embioptera,usingAposthoniajaponicaasmaterials.In
thepresentstudy,asafirststep,wedescribedtheegg
membranesofAposthoniajaponica.

MaterialsandMethods
FemalesofAposthoniajaponica(Okajima)were

collectedfrom thebarkmainlyofpalm treesinthe
campusofKagoshimaUniversity(Kagoshima),inApr.
２００３,Aug.２００４,andMayandJun.２００５.Eggs,which
werelaidordissectedoutofoviducts,werecleanedwith
fineforcepsorabrush,andfixedwithBouin’sfixative.
Eggsweredriedwithacriticalpointdryerandcoated
withgold,thenthesurfacestructuresoftheeggswere

observedunderanSEM (TOPCONSM-３００).Someof
theeggswereprocessedinto２µm-thickmethacrylate
sectionsinaccordancewithMachidaetal.(１９９４a,b),
whichwerestainedwith１% Delafield’shematoxylin,
１.５%eosin,and０.０５%fastgreenFCF.

Results
Theorientationoftheeggortheanteroposterior

and dorsoventralaxesofthe egg are designated
accordingtothoseoftheembryoafterblastokinesis(cf.
Fig.６A).TheeggofAposthoniajaponicaisellipsoidal,
beingabout１mminlongand０.５mminshortdiameter
(Fig.１A,B),andwhitishyellowincolor,theinsideyolk
being visible through a whitish translucentegg
membranes(chorionandvitellinemembrane).The
chorioniselasticandshowsareticularpatternonits
surface(Figs.１A,B,２,４),whichismoredistinctatthe
dorsalsideandaroundtheposteriorpoleoftheegg.A
largeoperculumisontheanteroventralsideoftheegg
(Fig.１A,B).Ontheventralsideoftheegg,justposterior
totheoperculum,thereisashorttube,the‘micropylar
tube’(Figs.１A,B,３A),andattheposteriorpolethereisa
smallswelling,herenamedthe‘polarmound’(Figs.１A,
B,４).

Operculum
Theoperculum,whichlocatesintheanteriorpartof

theegg,beinginclinedventrally,isellipsoidaland
３５０–４００µminlengthand２５０–３００µminwidth(Figs.
１A,B,５A).Theoperculum slightlyswells,witha
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thickenedrimorthe‘opercularcollar’(Fig.１A,B).The
opercularcollarisstructurallyporousinitsouterpart
(asterisksinFigs.５B,６B),andinitsinnerpartisfounda
demarcationbetweentheoperculumproperandmain
bodyoftheegg(arrowheadsinFig.５B).Duetothesplit
oftheopercularcollaralongthedemarcation(Fig.６B),
theoperculumopensandthefirstinstarlarvahatches
out(Fig.６A).

Micropyle
Attheposteriortipofthemicropylartube,whichis

asingletubeof６０–７５µminlengthlocatedjustposterior
totheoperculum ontheventralsideoftheegg,a
micropyleofca.７µmindiameteropens(Figs.１A,３A,
５A).Figure７Aisasagittalsectionofamicropylartube.
Themicropylarpassageorthemicropylarcanalstartsat
themicropyle,runsanteriorwardsuptojustposteriorto
theopercularcollar,therepenetratingthechorion,

reversesitsdirection,andrunsposteriorwardsjust
beneaththeinnersurfaceofthechorion.Theinner
openingofthemicropylarcanalissituatedabout３０µm
posteriortothepositionoftheopercularcollar(Fig.３B):
anarrowinFigure７Ashowstheapproximatepositionof
theinneropeningofthemicropylarcanal.Figure７B–Dis
asetoftransversesectionsofthemicropylarcanalat
differentlevelsshownwithBtoDinFigure７A:these
sectionsclearlyshow themicropylartubetobea
structurefusedwith thechorion aswellasthe
micropylarpassageaforementioned.

Polarmound
Thepolarmoundisadiscoidalswellingabout６０µm

indiameter,whichissituatedattheposteriorpoleofthe
egg,slightlybiasedventrally(Figs.１A,B,４,５A).The
reticularpatternshownoverthechorionisdenser
aroundthepolarmound(Fig.４).Asectionthroughthe
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Figs.１–４ SEMsofeggsofAposthoniajaponica(Okajima).
Fig.１ Anegg.Anteriortothetop.A.Ventralview.B.Lateralview.Ventraltotheleft.Arrowheadsshowtheopercularcollar.Scales=５００µm.
Fig.２ Enlargementofthedorsalsurfaceoftheegg.Scale=１０µm.
Fig.３ Micropylarstructures.A.Micropylartube,attheposteriortipofwhichamicropyle(arrow)opens.Arrowheadsshowtheopercularcollar.B.

Inneropening(arrow)ofthemicropylarcanal.Arrowheadsshowtheboundarybetweentheoperculumandthemainbodyoftheegg.Scales
=１０µm.

Fig.４ Polarmound.Ventraltothetop.Scale=５０µm.
MB:mainbodyoftheegg,MpT:micropylartube,Op:operculum,PM:polarmound.
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polarmound(Fig.８)revealsthatthisstructureisa
thickenedchorionwithverticalstriationsrunninginside
andthatittightcontactswiththevitellinemembrane.

Discussion
ThegeneralfeaturesofAposthoniajaponicaeggs

revealedinthepresentstudyareconsistentwiththe
briefdescriptionspreviouslymadeforotherembiopteran
eggs(Embiatexana:Melander,１９０３;Embiaramburi,
Embiamauritanica:Krauss,１９１１;Haploembiasolieri:
Stefani,１９５６).Thus,wemayacceptAposthoniajaponica
eggsasrepresentingembiopteraneggsingeneral
features.

Thepresentstudyfirstdescribedindetailthe
structureoftheopercularcollar.Theopercularcollaris
composedoftwoparts:theouterporouspartandthe
innersolidpartwithademarcationinaidoftheopening
oftheoperculumathatching.Itiswellknownthatthe
embiopteranlarvaehatchout,pushinguptheoperculum
(e.g.,Melander,１９０３;Yokoyama,１９５２).

Asinglemicropyleislocatedontheventralsideof
embiopteran eggs (Melander,１９０３;Stefani,１９５６;
Hinton,１９８１).Asforthemicropylarpassage,Melander
(１９０３)referredtoitforEmbiatexanaandspeculatedthat
themicropylarcanalleadstotheporouslumeninthe
opercularcollar.Hisspeculationprovedtobemisleading.
Thepresentstudyrevealedthatthemicropylarcanal
anteriorlyrunningfromthemicropyledoesnotattainthe
opercularcollarbutjustposteriortoitpenetratesthe
chorion.
Thereferencetoaswollenchorionicstructurein

theposteriorpoleoftheeggorthe‘polarmound’isthe
firstforembiopteraneggs.Thepolarmoundisa
thickenedchorionwithverticalstriationsrunninginside,
andinternallyitkeepsatightcontactwiththevitelline
membrane.Thesefeaturesofthepolarmoundremindus
ofthehydropylarstructuresshowninvariousinsects(cf.
Hinton,１９８１).Aroundthepolarmound,thereticular
patternofthechorionisdenser.Thissuggeststhatthe
concentrationoffollicularcellsshouldbeintensivethere.

Thus,theembiopteraneggscanbecharacterized
by:１)anoperculumattheanteriorpoleoftheegginaid
ofhatching,２)asinglemicropyleontheventralside,
independentoftheoperculum,and３)apolarmoundat
theposteriorpoleoftheegg.InPolyneoptera,itisonly
theeggsofPhasmatodeathatshareasetofthefeatures
characterizingembiopteraneggs.Thephasmatodean
operculumisacircularorellipsoidalplateintheanterior
poleoftheegg.Athatching,theoperculumopensalong
thedemarcationbetweentheoperculumandegg’smain
body(Leuzingeretal.,１９２６;Hinton,１９８１;Sellick,１９９７,
１９９８;Zompro,２００４),asinthecaseofembiopteraneggs.
Themicropyleofphasmatodeaneggshasbeenreported
tobesingleinthedorsalsideoftheegg(cf.Sellick,１９９７,
１９９８).Theembiopteranandphasmatodeanmicropyles

seem tobeinconflictwitheachotherinposition.
However,thisisnotso.Thedeterminationofthe
micropylarpositionsinPhasmatodeawasbasedonthe
eggsafterembryo’sblastokinesis.Thephasmatodean
embryossufferfroma１８０degree-rotationaroundthe
eggaxisduringearlyembryogenesis(Bedford,１９７８),
andsothepositionofmicropylesinPhasmatodeashould
bedesignatedoriginallyasventral,thesameasin
Embioptera,ofwhichembryossufferfromnorotation
aroundtheeggaxisduringembryogenesis:notethatin
Aposthoniajaponicaboththeembryosbefore(Fig.５A)
andafter(Fig.６A)blastokinesisstandwiththeirventer
tothesideoftheeggwithmicropyleortheventralside
oftheegg.Intheeggsofsomephasmatodeanforms,
chorionicswellingsattheposteriorpoleoftheeggsare
reported(Mazzinietal.,１９９３;Sellick,１９９７,１９９８;
Zompro,２００４).They may be comparable to the
embiopteranpolarmound.

Thepresentstudyrevealedacloseresemblancein
eggstructurebetweenEmbiopteraandPhasmatodea,to
proposeanaffinityoftheseorders.Recentmolecular
evolutionary(Whitingetal.,２００３;TerryandWhiting,
２００５;Kjeretal.,２００６)andcomparativemorphological
(Zompro,２００４)studieshavesuggestedacloseaffinityof
EmbiopteraandPhasmatodea.Zompro(２００４)incorpo-
ratedacomparisonofeggstructuresinhisdiscussion,
referringtoHinton’s(１９８１)review[basedonStefani’s
(１９５６)classicalbriefdescriptionontheembiopteranegg
structure]:thereinZompro(２００４)misleadinglyde-
scribedthatthemicropyleissituatedonthedorsalside
oftheeggbothinEmbiopteraandPhasmatodea.
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Figs.5–8 SectionsofeggsofAposthoniajaponica(Okajima).
Fig.5 A.Sagittalsectionofanegg.Arrowheadsshowtheopercularcollar.B.Enlargementoftheopercularcollarshownbytheupperarrowhead

inA.Asterisksandarrowheadsrespectivelyshowtheporousstructureinitsouterpartandademarcationbetweentheoperculumandthe
mainbodyoftheegg.Scales=A:500µm;B:10µm.

Fig.6 A.Sagittalsectionofaneggathatching.Anteriortothetop,ventraltotheleft.B.Enlargementoftheopercularcollarshownbyan
arrowheadinA.Asteriskshowstheporousstructureinitsouterpart.Scales=A:100µm;B:10µm.

Fig.7 Sectionsofmicropylarstructures.A.Sagittalsection.Anteriortothetop,ventraltotheleft.Arrowandarrowheadsrespectivelyshowthe
approximatepositionoftheinneropeningofthemicropyleandtheopercularcollar.B–D.Crosssectionsatthelevelsshownby‘B,’‘C,’and
‘D’inA.Ventraltothetop.Scales=10µm.

Fig.8 Sagittalsectionofthepolarmound.Ventraltotheleft.Starshowsthethickenedchorionwithnumerousverticalstriationsrunninginside.
Scale=10µm.

A:abdomen,Ch:chorion,Em:embryo,H:head,MB:mainbodyoftheegg,Mp:micropyle,MpC:micropylarcanal,MpT:micropylartube,Op:
operculum,PM:polarmound,Th:thorax,VM:vitellinemembrane,Y:yolk.


