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The order Coleoptera is composed offour
suborders,Archostemata,Myxophaga,Adephaga,and
Polyphaga.Inspiteofmanyphylogeneticalanalyses,
thereareseveralcompetinghypothesesregardinginter
orintra-subordinalrelationships(Beutel,２００５).A
comparativeembryologicalapproachisoneoftheuseful
methodsfordiscussingthephylogenyofhighertaxon
levels such as suborders or superfamilies.The
embryologicalstudiesofColeoptera,however,havebeen
concentrated on the largest suborder Polyphaga
occupyingabout９０%ofthisorder,andnothingisknown
abouttheembryogenesisofthesubordersArchostemata
andMyxophaga.InthesuborderAdephaga,towhichthe
Gyrinidaebelongs,whilethereareoldembryological
studies on a diving beetle,Dytiscus marginalis
(Korschelt,１９１２;Blunck,１９１４),littleisknownaboutthe
embryogenesisinotheradephagantaxa.Theninorderto
understandtheembryologicalfeaturesofAdephagafrom
the perspective ofcomparative embryology and
phylogeny,wehavebeguntostudyembryogenesisof
threeadephaganspecieswhichbelongtodifferent
families;Carabusinsulicola(Carabidae),Dineutusmellyi
(Gyrinidae),and Hydaticus pacificus (Dytiscidae).
Amongthesespecies,thelarvaeofawhirligigbeetle,
Dineutusmellyi,areuniqueinhavingeightpairsofgill
projections,ortrachealgills,onthefirsteightabdominal
segments,andtwopairsofthemontheninthsegment.
Inthispaper,wereporttheoutlineofexternalfeaturesof
theegganddevelopingembryosofDineutusmellyi,
focusingontheoriginoftheseuniqueprojections.
About２０femalesofDineutusmellyiRégimbart

were collected atOgimi,Okinawa Prefecture,in
Februaryof２００８.Thefemalekeptinanaquariumlaid１０
to２０eggssidebysideatatimeonthesurfaceof
waterweedsinwater.Atotalofabout５００eggswere
obtainedfromabout２０females.Theeggperiodwas２８８–
３１２h(１２–１３days)undertheconditionofabout２２℃.

Thenewlylaideggsarewhite,longellipsoid,and

２.３×０.６５mminsize.Asdevelopmentproceeds,theegg
sizeincreasesto２.４×０.９mmjustbeforehatching.The
eggslooselyadhereontheirdorsalsurfacetothe
substratebymucoussubstances.

Thechorionisabout２０μminthickness,andwith
numerousminutehill-shapedprojectionsallovertheegg
surface.After６to７daysafteroviposition,however,the
chorioniswidelycleavedalongthesplitlinewhichruns
attheventralmidlineoftheegg;thustheserosalcuticle,
whichhasbeenformedbeneaththechorionbythistime,
becomesexposed.Thesplitlinebeforecleavagecanbe
detectedinthenewlylaideggsasafaintlineinwhichthe
arrangementofhill-shapedprojectionsisirregularand
discontinuous:theinteriorofeachprojectionishollow,
sothatthesurfaceoftheprojectionsisoftendepressed
inthehollowspace.
Attheanteriorendoftheegg,thesurfaceisslightly

sunkenandthehill-shapedprojectionsofthechorionare
smallerinsize.Atthecenterofthedent,thereisa
cylindricalprocessofabout４０μminheightand１０μmin
diameteratitsproximalpart.Thisprocessisdistally
enlargedlikealotuspip,andmanyminuteporesare
scatteredontheenlargedsurface.Theseporesare
probablymicropyles,sowecallthisprocessthe
micropylarprojection.Themicropylarprojectionand
thesplitlineonthechorionhavenotbeenobservedin
otherAdephagaandPolyphaga,andmaybecharacteristic
oftheeggsoftheGyrinidae.Itisnoteworthythat,
inspiteofsomedifferencesinstructuraldetails,the
micropylarprojectionoftheGyrinidaelookssimilar
tothemicropylarprojectionsfoundinNeuropterida
(Megaloptera,Rhaphidioptera,andsomeNeuroptera),
whichisaproposedsistergroupofColeoptera.

Theeggperiodwasdividedinto１１stages,onthe
basisofthechangesinexternalembryonicfeatures.As
mentionedbefore,thelarvaeoftheGyrinidaelargely
differfromotheradephaganlarvaeinpossessingapairof
gillprojectionsoneachofthefirsteightabdominal
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segments,twopairsofgillprojectionsontheninth
abdominalsegment,andfourterminalhooksatthe１０th
abdominalsegment.Gillprojections on the first
abdominalsegmentareformedfromapairofswellings
appearedonthelateralsidesofpleuropodia.Gill
projectionsonthesecondtoeighthabdominalsegments
arealsoformedfrompairedswellingssituatedonthe
positionshomologoustothoseofthefirstabdominal
segment.Oftwopairsofgillprojectionsontheninth
abdominalsegment,thelateralonesareformedfromthe
swellingshomologoustothoseofotherabdominal
segments,butanotherpairofprojections(dorsalgill
projections)originatesfromswellingsappearedonthe
dorsalsideoflateralprojections.Therefore,regarding
thepleuropodiumonthefirstabdominalsegmentasa
homologueofthethoracicappendages(Machida,１９８１),
thegillprojectionsexceptdorsalgillprojectionsonthe
ninthabdominalsegmentareinterpretedasprojections
bornonthepositionhomologoustothebasalpart,or
coxopodialpartofthoracicappendages.Thedevelopmen-
talprocessofgillprojectionsandthepositionswhere
theyariseontheabdominalsegmentsareverysimilarto
thoseobservedintheembryogenesisofamegalopteran,
Protohermesgrandis(Miyakawa,１９７９).

Trachealinvaginationsareformedonthemesotho-
racic,metathoracic,and the firsteightabdominal
segmentsintheearlyembryos,buttheiropenings
disappearcompletelyatmiddleembryonicstages.The
lastabdominalsegmentisformedbyfusionofthe１０th
and１１thabdominalsegments.Fourterminalhookson
thelastabdominalsegmentoriginateinfourswellings
appearedontheposteriorendofthe１１thabdominal
segment,butitisuncertainwhethertheycanbe
homologizedwiththegillprojections.
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