
COMPARATIVEEMBRYOLOGYOFENDOPTERYGOTA ６５

Endopterygota (Holometabola)consistofthe
following１１orders;Neuroptera,Megaloptera,Raphidio-
ptera,Coleoptera,Strepsiptera,Diptera,Mecoptera,
Siphonaptera,Trichoptera,Lepidoptera,andHymeno-
ptera.Althoughthephylogeneticrelationshipsamong
theseordersarenotcompletelyresolved,basedonthe
conditionofappendagesoffemaleabdominalends,
Endopterygotaareoftendividedintotwomajorlineages,
neuropteroidordersandmecopteroidones;theformer
containsNeuropterida(Neuroptera,Megaloptera,and
Raphidioptera)and Coleoptera,and the latteris
composedofDiptera,Mecoptera,Siphonaptera,Tricho-
ptera,and Lepidoptera (Beuteland Pohl,２００６).
StrepsipteraandHymenopteraaretheorderswhose
relationshipstothesetwolineagesareobscure.On
theotherhand,somerecentresultsofmolecular
phylogeneticanalyseshavedeniedthemonophylyofthe
neuropteroidordersandthatofmecopteroidorders
(Whiting,２００２a).Consequently,the ambiguity of
endopterygotan phylogeny has increased,and the
controversyonthissubjecthasbeenheated.

Theembryologyofendopterygotaninsectshas
beenwellknowninsuchmajorordersasColeoptera,

Diptera,Lepidoptera,andHymenoptera,butembryologi-
calinformationisscantyinsuchsmallordersas
RaphidiopteraandSiphonaptera(Table１).Eveninthe
majorordersmentionedabove,however,Lepidopterais
theonlyorderwhoseembryogenesisisfairlyknown
throughoutthehighertaxaatthelevelsofsubordersor
superfamilies(Kobayashietal.,２００３;Kobayashi,２００６).
Inthisorder,wehavefoundoutthatthemodeof
embryogenesisishighlydiversifiedamongthehigher
taxa.Thatis,thereareconsiderabledifferencesinthe
modeofembryogenesisbetweentheprimitivelineages
andthehigheronesespeciallyinearlyembryogenesis
suchastheformationofthegerm disk(Andoand
Tanaka,１９７６,１９８０;Ando and Kobayashi,１９７８;
KobayashiandAndo,１９８１,１９８２,１９８３,１９８４,１９８７,１９８８;
KobayashiandGibbs,１９９０,１９９５;Kobayashi,１９９６,
１９９８).Similardiversificationhasbeenrecognizedin
Trichoptera(Miyakawa,１９７３,１９７４;Akaikeetal.,１９８２;
KobayashiandAndo,１９９０)andMecoptera(Suzuki,
１９９０).Suchdiversificationwithinanorderprovidesa
usefultoolforinferringthephylogenyofhighertaxa
withinanorderfrom thecomparativeembryological
standpoint,but,conversely,diversificationmakesit
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Table１Theamountofembryologicalinformationinendopteryogotanordersandmajorembryonicfeaturesineachorder

Secondarydorsal
organ

Pleuropodium
Polargranulesor
polecells

Germtype
Diversificationof
embryogenesis
withinanorder

Embryologicalwork
Endopterygotan
order

+++L－severalNeuroptera

+++L??fewRaphidioptera

+++L－?afewMegaloptera

－,+－,+－,+S,I,L+manyColeoptera

－+??+severalStrepsiptera

－,+－+L+?manyDiptera

－－－,+S?,L+severalMecoptera

+－+L－afewSiphonaptera

++－S?,I+severalTrichoptera

－,+－,+－S?,I,L+manyLepidoptera

－－+L+manyHymenoptera

S:short,L:long,I:intermediate,+:present,－:absent.
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difficulttoextractembryonicgroundplansofanorder.
Forthis reason there is no article intentionally
discussing the relationshipsamong endopterygotan
ordersfromthecomparativeembryologicalstandpoint
otherthanthatofKobayashiandAndo(１９８８)which
refers to the sister group relationship between
TrichopteraandLepidoptera.On thecontrary,for
example,infoursubordersofColeoptera,thelargest
orderinMetazoa,theembryologyislittleknownexcept
forthelargestsuborderPolyphaga;thus,wehavelittle
informationonthe‘comparative’embryologyofColeo-
ptera.Hence,infutureapproaches,itwillbeexpectedto
obtainusefulembryologicaldatafortheevaluationofthe
relationshipsamongordersoramonghighertaxawithin
anorderbyclarifyingthemodeofembryogenesisof
primitivegroupsinmajororderssuchasColeoptera,
Diptera,andHymenoptera.
In thisperspective,we have undertaken the

comparativeembryologyofthesuborderAdephaga
whichisconsideredtobeaprimitivegroupofColeoptera
(Klausnitzer,１９７５;Beutel,１９９７).Intheprocessof
examiningtheembryogenesisofacarabidbeetle,
Carabusinsulicola,wehavefoundthepossibilitythata
pairofminutelateralprojectionsappearingtemporarily
inthefirsteightabdominalsegmentsoftheyoung
embryoishomologouswiththeabdominaltrachealgills
ofSialisandProtohermesinthecloselyrelatedorder
Megaloptera(Fig.１)(Miyakawa,１９７９;Andoetal.,１９８５).
Sincethestructuresimilartotheseprojectionshasnot
beenfoundinanyotherordersandalsointhesuborder
PolyphagaofColeoptera,theminutelateralprojections,

orthevestigialtrachealgills,mightbeacandidateof
synapomorphyconnectingAdephagaandMegaloptera.If
thespeculationistrue,theembryogenesisofCarabus
willprovideanewdatumforarisingquestionsabouteach
monophyly ofNeuropterida and Coleoptera.The
vestigialappearanceoftheprojectionsintheembryoof
thisterrestrialAdephagaalsomayprovidetheground
forsupportingtheaquaticoriginofthissuborder
thatincludesmanyaquaticfamilies(Bradley,１９４７).In
ordertoanswerthesequestionsorsubjects,future
embryologicalworksofAdephagashouldbeextendedto
theembryogenesisofsomeaquaticAdephagasuchas
theGyrinidaeandtheDytiscidae.IntheGyrinidae,the
larvaeareaquaticandhavetrachealgillslikethoseofthe
megalopteranlarvae,butinverselythelarvaeofthe
Dytiscidaehavenolateraltrachealgills.Moreover,it
mightbeacommonfeatureintheneuropteroidinsects
(includingpartsofColeoptera)thatthesegmentationof
theanteriorpartoftheembryoprogressesbeforethe
completionofthegermbandfromthegermdisk(Heider,
１８８９;Bock,１９３９;KamiyaandAndo,１９８５);thendetail
observationsshouldbeneededonthissubject.

Intheso-calledmecopteroidinsects,onlythesister
grouprelationshipbetweenTrichopteraandLepidoptera
hasbeenstronglysupportedbybothmorphologicaland
moleculardata.Asmentionedbefore,therelationshipis
alsosupportedbyembryologicaldata,althoughthemode
ofextensionofdevelopedsilkglandsderivedfromlabial
glandsisthesoleembryonicsynapomorphyconnecting
thetwoorders(KobayashiandAndo,１９８８).Other
mecopteroidorders,thatis,Diptera,Mecoptera,and
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Fig.１ Appearanceof‘lateralprojections’(LP)onthefirsteightabdominalsegmentsinthegroundbeetleCarabusinsulicola(Coleoptera,
Adephaga).A.Ventralviewoftheeggatstage６.B.HighermagnificationoftherectangleinFigureA,showing‘medialprojections’(MP)and
‘lateralprojections’.Medialprojectionsarehomologouswithpleuropodia(Pp).Lateralprojectionsareunknowninothercoleopteran
embryos,andmightbehomologouswithabdominaltrachealgillsofmegalopteranlarvae,becausetheirtrachealgillsareformedfromthe
similarprojectionslocatedlaterallytopleuropodia.C.Abdominalregionoftheembryoatstage７.Astheembryowidens,medialandlateral
projectionsaredegenerated,andcompletelydisappearinthenextstage.Pleuropodia,however,developintolargediscoidalglands.Itshould
benoticedthatvestigiallateralprojectionsarelocatedposteriorlytospiracularinvaginations(Spr)ineachsegment.Thissuggeststhatthe
lateralprojectionbelongstothesubcoxalregionfromwhichtrachealgillsappearinmegalopteranlarvae.
Ab８:eighthabdominalsegment,Prc:proctodaeum,Th３L:metathoracicleg.Scales=A:１mm;B,C:０.５mm.
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Siphonapteraareoftencombinedinthemonophyletic
taxon Antiliophora (having a sperm pump).The
completeabsenceofthepleuropodiumispresumedtobe
embryonicsynapomorphiessupportingthistaxon,butit
isnotconfirmatory,becausetheembryonicdevelopment
ofTipulomorpha,oneoftheprimitivedipterangroup,and
oftheNannochoristidae,themostprimitivefamilyof
Mecoptera,isalmostunknown.Moreover,inrecent
years,ithasbeenpointedoutthatSiphonapteraisthe
sistergroupofthefamilyBoreidaeofMecoptera
(Whiting etal.,１９９７;Whiting,２００２b),butthe
embryologicalevaluationofthisrelationshiphasnot
beendone,becauseembryonicinformationoftheformer
isveryscanty.
InHymenoptera,comparingthesubordersSym-

phytaandApocrita,althoughthemodeofembryogenesis
ofthelatterismorespecializedthanthatoftheformer,it
isalsodifficulttoinferthephylogeneticpositionofthis
orderfrom embryonicfeatures.However,takinginto
accounttheabsenceofpleuropodiaandthesecondary
dorsalorganinbothsuborders,itisassumedthatthe
Hymenopteraisclosertothemecopteroidordersthanto
theneuropteroidorders.

The femalesofStrepsipteraare permanently
endoparasiticinhostinsectssuchasOrthoptera,andthe
embryonic developmentproceeds in the female’s
hemolymph(viviparity)(Brues,１９０３;Noskiewiczand
Poluszyński,１９２７).Consequentlytheembryogenesisof
Strepsipteraisfairlyspecialized,andthisalsomakesit
difficulttoassumetherelationshiptootherendopterygo-
tanordersfromembryonicfeatures.Thepresenceof
pleuropodiaandtheformationofthesecondarydorsal
organ,thoughprimitivecharacters,mightbeinfavorof
thetraditionalviewthattheStrepsipteraisclosertothe
ColeopterathantotheDiptera.
Insummary,althoughitisconsiderablydifficultto

inferthestrictphylogenyofEndopterygotaonlyfrom
embryologicaldataintheirpresentstateofstudies,two
majorbranchesoftheneuropteroidandmecopteroid
lineagesexcepttheHymenopteraandStrepsiptera,asa
whole,willbeacceptablefromthemodeofembryogene-
sis.InColeopteraandDiptera,comparativeembryologi-
calstudiesshouldbeextendedtotheirprimitive
lineages,inordertodetectthepossiblediversificationof
embryogenesis.Smallorders,suchasMegaloptera,
Raphidioptera,Siphonaptera,deservedetailedembryo-
logicalstudies,becauseourembryologicalknowledgeon
thesetaxaisclassicalorentirelylacking.Wehavestill
manysubjectstodointhecomparativeembryologyof
Endopterygota.

Acknowledgments:Ithank Mr.YuukiOhsawa
(Tokyo)forprovidingmethefigureandphotographsof
Carabusinsulicolaembryos.
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