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“Polyneoptera,”orthebasalneopterangroup,isa
largegroupcurrentlyrepresentedbyelevendiverse
orders,i.e.,Plecoptera,Embioptera,Phasmatodea,
Orthoptera,Mantodea,Blattodea,Isoptera,Grylloblatto-
dea,Mantophasmatodea,Dermaptera,andZoraptera
(Boudreaux,１９７９;Klassetal.,２００３).However,notonly
theirinterordinalrelationshipsremainhighlycontrover-
sial(Kristensen,１９８９;GrimaldiandEngel,２００５;Terry
andWhiting,２００５),buteventheaccuracyofthe
taxonsuspect(cf.Klass,２００９).Irrespectiveofthese
phylogeneticalissues,the“polyneopteran”ordersare
themostsignificantinelucidatingthegroundplanand
evolutionofNeoptera,whichhaveachievedspectacular
prosperity,since “polyneopteran”ordersare almost
certainlydirectlyderivedfrom earlyradiationsof
NeopteraintheCarboniferous(RasnitsynandQuicke,
２００２;GrimaldiandEngel,２００５).

Our“PolyneopteranComparativeEmbryological
Project”has hitherto dealt with Grylloblattodea,
Mantophasmatodea,Embioptera,Phasmatodea and
Dermaptera:１)toproposeacloseraffinitybetween
GrylloblattodeaandMantophasmatodea(= Chimaera-
pterasensuUchifuneandMachida,２００５)(Machidaetal.,
２００４;Tsutsumietal.,２００４;UchifuneandMachida,２００５;
Uchifuneetal.,２００６),basedonembryologicalfeatures
suchasblastokinesisandeggstructures,２)toreinforce
theaffinitybetweenEmbiopteraandPhasmatodea(=
EukinolabiasensuTerryandWhiting,２００５)(Jintsuetal.,
２００７),basedontheeggstructure,and３)toprovide
evidencetocorrelateDermapteraandEndopterygota,
basedongermbandformation(KusakariandMachida,
２００５).

To promote our “Polyneopteran Comparative
EmbryologicalProject,”weshouldaccumulatemuch
more embryologicalinformation to extend critical
discussionsofeach polyneopteran member.Then,
aimingatprogressiveargumentsonphylogenetical
issuesconcerning “Polyneoptera,”making “clusters”

maybepromising.Inthisrespect,Chimaeraptera
andEukinolabiaarefirstfocusedon.１)Toverifythe
clusterChimaeraptera,composedofGrylloblattodeaand
Mantophasmatodea,whichourcomparativeembryologi-
calstudieshaveproposed,fullunderstandingofthe
embryogenesisofMantophasmatodeaisrequired.２)As
fortheclusterEukinolabia,EmbiopteraandPhasmato-
deatoocloselyresembleeachothernottopostulate
theiraffinity.Nevertheless,EmbiopteraandPhasmato-
deashowmarkedcontrastsinsomemajorembryological
features,suchasthegermbandtypeandthemannerof
blastokinesis,whichhavebeenusedaskeycharactersin
insectcomparativeembryology:inEmbiopteraabroad
germanlageformsandtheembryotakesitsposition
deepintheyolkduringtheintertrepsis(Kershaw,１９１４;
JintsuandMachida,２００９),butinPhasmatodeaasmall
germanlageformsandtheembryomaintainsitsoriginal
position on the surface ofthe yolk throughout
embryogenesis (Bedford,１９７０).How can these
differencesbetweenEmbiopteraandPhasmatodeabe
elucidated?Thisisnotonlyimportanttotestthecluster
Eukinolabia,butisalsosignificantinthereevaluationof
comparativeembryologicalcharacters,torendersteady
progressininsectcomparativeembryology.

３)Inthecontextofthereevaluationofcomparative
embryologicalcharacters,DictyopteraandOrthoptera
maybethebestmodels.Dictyoptera,composedof
Blattodea,MantodeaandIsoptera,arewellsupportedby
variousdisciplines.However,severalmajordifferences
inembryogenesisamongthesethreeordershavemade
thegroundplanofDictyopteraimpossibletoreconstruct,
andmoreover,inasingleorderBlattodea,Blattelaand
Periplanetaundergoutterlydifferentblastokinesis:for
example,asfortheblastokinesis,inisopteransthe
blastokinesisisaccompaniedbyacompletereverse
ofembryo’saxis(Striebel,１９６０),butthereverseof
embryo’saxisisnotinvolvedintheblastokinesisof
mantodeans,ofwhichembryosinsteadundergothe
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rotationaroundtheegg’slongaxis(Hagan,１９１７);
embryosofablattodeanBlattelaretaintheiroriginal
positionthroughouttheembryogenesis(Wheeler,１８８９),
butthoseofanotherblattodeanPeriplanetaplaya
completereverseoftheiraxisduringtheblastokinesis
(Heymons,１８９５).ThecaseistrueofOrthoptera.
Diversemembersoftheordershow wide-ranging
variationsinsignificantembryologicalfeaturessuchas
thelocalizationofembryosandmannerofblastokinesis,
notonlybetweenthesubordersEnsiferaandCaelifera
butevenamonginfra-subordinallevelsofeachsuborder
(Korotneff,１８８５;Wheeler,１８９３;Heymons,１８９５;
Roonwal,１９３６).Carefulandnotsuperficialbutcritical
reexaminationsofDictyopteraandOrthopteramust
contribute a sound basis for insectcomparative
embryology,and simultaneously develop a steady
phylogeneticalargumentconcerningthesegroups.

４) Our embryologicalstudy of Dermaptera
suggestedthatDermapteracouldbeelucidatedfrom
the framework of“Dermaptera + Acercaria (or
Paraneoptera)+Endopterygota(orHolometabola).”In
thisrespect,acomparativeembryologicalstudyon
Dermapteraisgreatlydesired,usingallthefamiliesas
materials,includingprimitivedermapteranrepresenta-
tivesDiplatyidaeandPygidicranidae,whichmustbe
helpfultoreconstructthedermapterangroundplanand
totestthe“Dermaptera+Acercaria+Endopterygota”
hypothesis:ourteamhasalreadysucceededinobtaining
asufficientnumberofeggsofdiplatyidDiplatysflavicollis
andexamineditsegg-layingbehaviorandeggstructure
(ShimizuandMachida,２００９).
OtherthanDermaptera,therearetwo“polyneopteran”

orderswhoseaffinitytoAcercariaand/orEndopterygota
hasbeensuggested,i.e.,PlecopteraandZoraptera.５)
AlthoughPlecopterahavebeenassignedtoastatusas
thebasalmostcladeof“Polyneoptera”andNeoptera
(Bourdreaux,１９７９),oftentheiraffinitytoAcercaria
and/orEndopterygotahasbeenproposed(Ross,１９５６;
Hamilton,１９７２)andrecently,theaffiliationofPlecoptera
toEukinolabiahasbeenmentioned(Zompro,２００４).
Comparativeembryologicalstudieshavesuggestedthe
resemblanceofPlecopteratoIsopterainthepossession
ofabladder-likeearlyembryoononehand,andonthe
othertoGrylloblattodea,Orthoptera,andMantodeain
the possession ofspecialized serosalderivatives
(KishimotoandAndo,１９８５vs.Wheeler,１８９３;Knower,
１９００;Hagan,１９１７;UchifuneandMachida,２００５).
Criticaland thorough examinationsofplecopteran
embryologyarestronglyexpected.６)Zorapterahave
beenrelatedtovarious“polyneopteran”ordersandoften
assignedtoAcercaria(Hennig,１９５３;Boudreaux,１９７９;
GrimaldiandEngel,２００５;TerryandWhiting,２００５;
Yoshizawa,２００７).Zorapteraareoneofthemost
controversialgroupsintheargumentofneopteran
phylogeny.OurembryologicalknowledgeonZoraptera

remainstotallylacking.Asfarasconcerningwhether
they belong to “Polyneoptera”or Acercaria,the
embryologicalapproachmustbethemostpromising.
Acercariaareawell-establishedgroupinlightof
comparativeembryology,andarecharacterizedbythat
theembryoofthetypicalsemi-longgermtype,deeply
invaginatingintotheyolk,elongateswithanS-shaped
posture(Phthiraptera:Schölzel,１９３７;Hemiptera:Butt,
１９４９;Psocoptera:Goss,１９５３;Thysanoptera:Haga,
１９８５).Zorapteranembryologyisgreatlydesired.
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