
ENTOGNATHYFORMATIONOFPROTURA ２５

Hennig’s”Entognatha-EctognathaSystem”(１９６９)
hasbeenwidelyacceptedwithlittlechallenge;however,
recentcomparative paleontological(Kukalová-Peck,
１９８７)andmorphological(Koch,１９９７)researcheshave
castsomedoubton theaccuracyofEntognatha,
especiallyintermsofthehomologyoftheentognathy
among three entognathan orders,on which great
importancehasbeenplacedastheirmostreliable
synapomorphy.IkedaandMachida(１９９８)compared
entognathyformationinDiplurawiththatinCollembola
(UemiyaandAndo,１９８７),andsuggestedthatDiplura
greatly differfrom Collembolain the mannerof
entognathyformation,andthat,atleastconcerning
CollembolaandDiplura,thehomologyofentognathyis
notalwayssubstantiated(cf.Machida,２００６).The
elucidation ofentognathy in Proturaistherefore
becomingmoresignificant.Thisreportisapreliminary
noteonentognathyformationinaproturan,Baculentulus
densus(Imadaté).

Formationoftheentognathystartsintheinitial
stageofblastokinesisinBaculentulusdensus.Theterga
ofthemandibular,maxillaryandlabialsegmentsdevelop
andunite,formingabelt-shapedmouthfoldanlage(Figs.
１,２A).Thelacinia,galeaandpalparedifferentiatedinthe
maxillaryanlage(Fig.２A),andthecoxopoditeandpalpin
the labialanlage (Fig.２B).Aftercompletion of
blastokinesis,mouthfoldsonbothsidesdevelopand
extendposteriorlyalongthelateralmarginsofhead
lobes,finallyformingtheposteriorregion ofthe
definitiveheadcapsule,andanteriorlytheycontinueto
thelabralanlagewithoutdemarcation(Fig.３A,B).

The embryo furtherdevelops,and the labial
coxopoditesonbothsidesstarttospreadandmove
medially.Mouthfoldsextendventrallytocoverthe
gnathalparts(Fig.４).Figure５showsacompleted
entognathyinaprelarva,inwhichlabiaonbothsides
meetandthemandibleandmaxillaarecovered,frontally
withlabrum,laterallywithmouthfolds,andposteriorly

withlabium.

Wedescribedtheoutlineofembryonicdevelopment
inBaculentulusdensus,reportingthatthemouthfoldis
derivedfromthreegnathalterga(FukuiandMachida,
２００６).Althoughourpreviousstatementcanbeaccepted
withoutamendment,ourpresentstudy,inwhichwe
succeededindissectingembryosoutoftheeggshell,
revealsthatwe(FukuiandMachida,２００６)misleadingly
identifiedthemandibleasthemandibulartergum,the
galeaasthemaxillarytergumandthemaxillarypalpas
thelabialtergum,duetoalackofresolutioninthe
observationmadethroughthechorionwithnumerous
protuberancesonitssurface[compareFig.２Aherein
withFig.９ofFukuiandMachida(２００６)].

TheentognathyinDipluraisformedwithventral
extensionofthemouthfoldderivedfromthemandibular
andmaxillaryterga,involvingtherotationoflabial
appendagesandpartitionofthemaxillarytergalelement
toformtheadmentum(IkedaandMachida,１９９８),and
thatinCollembolaisformedwithsimpleventral
extensionofthemouthfoldsderivedfrom thethree
gnathalterga(UemiyaandAndo,１９８７).Althoughdetails
ontheformationoftheproturanentognathyremain
sketchy and furtherexamination isrequired,the
entognathyformationofProturacouldbecharacterized
by:１)formationofthemouthfoldbythetergaofthree
gnathalsegmentswhichareunitedwitheachotherin
earlierstages,２)unificationofthemouthfoldwiththe
labrum.Theentognathyofanyoftheseordersin
Entognathamaybeformedwithanindependentplanfor
each.
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Figs.１–５SuccessivestagesofentognathyformationofaproturanBaculentulusdensus.
Fig.１ Anembryointheinitialstageofblastokinesis.Thetergaofthemandibular,maxillaryandlabialsegmentsdifferentiated,lateralview,DAPI

staining,UVexcitation.
Fig.２ Cephalicregionsofanembryointhelaterstageofblastokinesis.Gnathalappendagesdevelopandstarttoassumetheircharacteristics;

althoughthemandibleremainsasimpleswelling,thepalpandcoxopodalenditesdifferentiateinthemaxillaandthepalpandcoxopodal
regioninthelabium.A.Thegnathaltergadevelopandunitetoformabelt-shapedmouthfoldanlage,lateralview,hematoxylinstaining.B.
Themandibular,maxillaryandlabialappendagesoneachsidearearrangedinarow,andthelabialappendagesoneachsidehaveyettomove
medially,ventralview,SEM.

Fig.３ Anembryointheinitialstageofdorsalclosure.Mouthfoldsonbothsidesdevelopandextendposteriorly,andanteriorlycontinuetothe
labralanlagewithoutdemarcation.Theleftsideofthethoraxofthisembryoisseverelydistorted.SEM.A.Dorsolateralview.B.
Frontoventralview.

Fig.４ Cephalicregionofanembryointhelaterstageofdorsalclosure.Labialcoxopoditesonbothsidesstarttospreadandmovemedially.Mouth
foldsextendventrallytocoverthegnathalparts,ventrolateralview,SEM.

Fig.５ Completedentognathyofaprelarva.Mandibleandmaxillaarecoveredfrontallywithlabrum,laterallywithmouthfoldsandposteriorlywith
labiaonbothsidesmovedmediallytomeet,ventralview,SEM.

Ab:abdomen,Ga:galea,HL:headlobe,La:lacinia,Lb:labium,Lbcp:labialcoxopodite,LbP:labialpulp,LbT:labialtergum,Lr:labrum,Md:
mandible,MdT:mandibulartergum,MF:mouthfold,Mx:maxilla,MxP:maxillarypulp,MxT:maxillarytergum,Th１–３L:firsttothirdthoracic
appendages.Scales=１,２A,３A,B:５０µm;２B,４,５:１０µm.


