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TheColeoptera,thelargestorderinInsecta,is
composedoffoursuborders,Archostemata,Myxophaga,
Adephaga,andPolyphaga.Inspiteofmanyphylogeneti-
calstudies,theintersubordinalrelationshipsarestill
controversial(Beutel,２００５).Acomparativeembryologi-
calapproach is one ofthe usefulmethods for
phylogeneticdiscussion,butmostoftheembryological
studiesofColeopterahavebeenconcentratedonthe
largestsuborderPolyphagaoccupyingabout９０%species
ofthisorder.However,asfortheotherthreesuborders,
embryologicalinformationisoldandfragmental.Inthe
aquaticadephaganfamilyDytiscidae,theembryogenesis
ofDytiscusmarginaliswasstudiedabout１００yearsago
(Korschelt,１９１２;Blunck,１９１４).Thefullgrownembryo
ofanotherdytiscidspeciesAgabusbipustulatusandits
hatchingprocesswerethendescribedbyJackson(１９５７,
１９５８).IntheterrestrialadephaganfamilyCarabidae,the
externalmorphologyoftheCarabusnemoralisembryos
wasfragmentallydescribedbyKemner(１９１８).Inthe
lightofsuchinsufficientembryologicalknowledgeof
Adephaga,wehavestartedanembryologicalstudyof
thissuborderfocusingonCarabusinsulicola(Carabidae),
Dineutusmellyi(Gyrinidae),andHydaticuspacificus
(Dytiscidae).Inthispaper,wereporttheoutlineofthe
embryonicdevelopmentofH.pacificuswithemphasison
middleandlatestagesbyexternalobservation.
EggsofH.pacificusweredepositedonwatergrasses

bybreedingfemalesinalaboratory.Progenitorsofthe
femaleswerecapturedatseveralplacesinFukushima
Prefecture,Japan.Theeggperiodwasabout５０hours
undertheconditionof２８℃.Theeggswerefixedwith
alcoholicBouin’sfixativeinevery１to３hours.To
observetheexternalformofdevelopingembryos,egg
shells(chorionandserosalcuticle)andembryonic
membranes(serosaandamnion)wereremovedfromthe

eggbyfineneedles.Theobservationofembryoswas
madeusingastereoscopicmicroscope.
Thenewlylaideggisnearlycylindricalwithaslight

convexityattheventralside.Itisabout２.２０mmlong
and０.６８mmwide.Asdevelopmentproceeds,theegg
becomes２.７０mmlongand０.８５mmwideinmaximum.
Thechorionissmoothandthin,andalmosttransparent
throughoutthewholeeggsurface.

Fortheconvenienceofdescription,thedevelopmen-
talprocessofH.pacificuswasdividedinto１０stages;
stages１to３(earlystages),stages４to７(middlestages),
andstages８to１０(latestages).Maturationdivision,
fertilization,cleavage,and the formation ofthe
blastodermareassumedtooccurinearlystages(１–３
hoursafteroviposition,a.o.),butthe histological
descriptionofthesestageswillbegiveninafuturepaper.
Externalfeaturesofembryosinstages４to１０areas
follows.
Instage４(４–６hr,a.o.),alonggermband,occupying

aboutfourfifthsoftheegglength,isformedonthe
ventralsideoftheegg.Inthisstage,theamnionand
serosaareformedbyfusionofamnio-serosalfoldsatthe
ventralsideofthegermband.Inthelateofthisstage,
thegermbanddifferentiatesintoabi-lobedprotocepha-
lonandaslenderprotocorm.
Instage５(６–１２hr,a.o.),theposteriorendofthe

germbandelongatestowardsthedorsalsideoftheegg,
thusthegermbandassumesnearlyJ-shapedinalateral
view.Atthe posteriorend ofthe protocephalon,
antennary rudimentsappearasapairofminute
projections.Attheanteriorhalfoftheprotocorm,
segmentationoffuturegnathalandthoracicregions
occurs;thatis,mandibular,maxillary,andlabialsegments
appearintheformerregion,andthreethoracicsegments
inthelatter.Lateinthisstage,segmentationalsobegins

APreliminaryNoteontheEmbryonicDevelopmentofa
DivingBeetle,HydaticuspacificusAubé(Insecta:Coleoptera,
Dytiscidae)＊

KazuhiroNIIKURA１),YukimasaKOBAYASHI１),KeiHIRASAWA２)and
ToshioINODA３)

１)DepartmentofBiologicalSciences,GraduateSchoolofSciencesandEngineering,TokyoMetropolitanUniversity,
Minami-ohsawa１–１,Hachioji,Tokyo１９２–０３９７,Japan

２)Mawatari８１–８,Jyoubanshimofunao-machi,Iwaki,Fukushima９７２–８３１２,Japan
３)Shibamata,Katsushika-ku,Tokyo１２５–００５２,Japan
E-mail:kobayashi-yukimasa@c.metro-u.ac.jp(YK)

Proc.Arthropod.Embryol.Soc.Jpn.４４,４１–４３(２００９)
違２００９ArthropodanEmbryologicalSocietyofJapan
ISSN１３４１–１５２７

＊Abstractofpaperreadatthe４４thAnnualMeetingoftheArthropodanEmbryologicalSocietyofJapan,May２２–２３,２００８(Matsumoto,Nagano).



inthefutureabdominalregion,andapairofminute
projections,or pleuropodia,appears in the first
abdominalsegment.Neartheanteriorendofthe
protocephalon,astomodaeum appearsasashallow
invaginationinthelatterhalfofthisstage.Althoughthe
formationofaprimitivegrooveisassumedtooccurat
thepreviousstage,thegrooveisobservedalongthe
ventralmidlineoftheprotocormatthebeginningofthis
stage,butitdisappearsbytheendofthisstage.

Instage６(１２–１９hr,a.o),thegermbandwidens,but
itslengthsomewhatcontracts,sothattheabdominalend
becomessituatedjustattheposteriorpoleoftheegg.
Abdominalsegmentationcompletesandthisregion
becomes１０-segmented.Thelabralrudimentappearsas
a large bi-lobed projection justanterior to the
stomodeaum.In thegnathalsegments,mandibular
appendagesappearasapairofgloboselobes(coxopodites),
butmaxillaryandlabialonesareformedasapairof
two-segmentedprojectionscomposedofcoxopodites
andtelopodites(palpi).Inthoracicsegments,their
appendagesareformedasthickprojectionsdeveloping
postero-medially.In the firstabdominalsegment,
pleuropodiafirstdevelopintogloboseprojections,but
later they become flatand cup-shaped.In the
mesothoracicandmetathoracicsegmentsandthefirst
eightabdominalsegments,spiracularinvaginations
appearonbothsidesofeachsegment.Aneuralgroove
appearsalongtheventralmidlineofthegermband.A
smallproctodaealinvagination isobserved atthe
abdominalend.
Instage７(１９–２４hr,a.o.),theintegrationofthe

cephalognathalregionadvances.Thatis,thelabral
rudimentbecomesflatandextendsposteriorly,andthe
labiallobesonbothsidesshiftmediallyandfuseeach
othertoformalabium.Themandibularlobesslightly
extendpostero-medially,andthemaxillaryandlabial
palpifurtherelongate.Thethoracicappendagesalso
furtherelongateandtheirtipsattaintotheventral
midline.Bytheendofthisstage,inthemesothorax,
metathorax,andthefirstsevenabdominalsegments,the
openingsofthespiraclescloseanddisappear,butthe
openingsintheeighthabdominalsegmentremainas
spiracles.Theneuralgroovealsoclosesanddisappears.
Attheabdominalendtheninthand１０thabdominal
segmentsfuse,andthustheabdominalregionconsistsof
ninesegments.

Instage８(２４–３３hr,a.o.),itisassumedthatthe
revolutionofthegermbandoccursinthemiddleofthis
stage(２７hr,a.o.),butthedetailedobservationofthis
processhasbeenmissedinthisstudy.Afterrevolution,
the abdominalend flexes ventrally and extends
anteriorwards.Attheabdominalend,urogomphiappear
asapairofslenderprojections.Theintegrationofthe
cephalognathalregionfurtherproceeds,andthusthe
basicformofthelarvalheadiscompleted.Thatis,the

antennae,maxillaryandlabialpalpielongateposteriorly,
andthemandiblesalsoelongateandbecomesickle-
shaped.Thefusedlabiumshiftsanteriorlybetweenthe
maxillaeandalmostbecomesincontactwiththelabrum.
The thoracic appendages also extremely elongate
posteriorlyandthetipsofthemesoandmetathoracic
appendagesalmostattaintotheposteriorendoftheegg.
Bytheendofthisstage,lateralwallsofthegermband
extenddorsallyandfuseeachother;thusdorsalclosure
completes.
Instage９(３３–４５hr,a.o.),thesegmentationof

appendagesexcludingmandiblescompletes;thatis,the
antennae,maxillaryandlabialpalpiarethree-segmented,
andthethoracicappendagesbecomefive-segmented.
Thelabrumbecomesflatandwide.
Instage１０(４５–５０hr,a.o.),thefirstinstarlarva

completesandhatchingoccursat５０hr,a.o..Themedial
partofthemandibulardistalhalfassumesdarkbrown.In
lateralview,athicklateraltrachealtrunkrunningfrom
theprothoracictotheeighthabdominalsegmentsis
observedasadarkbrownbandthroughthebodywall.
Thepleuropodiagraduallydegenerateanddisappearby
thetimeofhatching.Atthetopoftheheadcapsule,apair
ofbrownsclerotizedspines,oreggteeth,appears.The
spinesremainattheheadofthehatchedlarva.

Thegerm bandofH.pacificusbelongstothe
superficialtypeasobservedinseveralpolyphagan
Coleoptera,forexample,Hydrophiluspiceus(Heider,
１８８９)andLyttaviridana(RempelandChurch,１９６９).
Thechangeoftheexternalshapeofthedeveloping
embryosinH.pacificusisfundamentallythesameasthat
observed in Dytiscusmarginalis(Korschelt,１９１２;
Blunck,１９１４).
Theformationofthesecondarydorsalorgan,which

isconfirmedinDytiscusmarginalis(Korschelt,１９１２),
andthedevelopmentaloriginofurogomphihavenot
beenobservedindetailinthepresentstudy.These
processestogetherwiththoseofearlydevelopmentare
thesubjectstobeobservedinthefuture.

References
Beutel,R.G.(２００５)Systematicposition,basalbranchingpatternandearly

evolution.InR.G.BeutelandR.A.B.Leschen(eds.),Handbookof
Zoology,IV/３８,Coleoptera,Beetles,Vol.１,MorphologyandSystematics
(Archostemata,Adephaga,Myxophaga,Polyphagapartim),pp.１–９.Walter
deGruyter,Berlin.

Blunck,H.(１９１４)DieEntwicklungdesDytiscusmarginalisL.vomEibiszur
Imago.１.teil.DasEmbryonalleben.Zeitschriftfürwissenschaftliche
Zoologie,１１１,７６–１５１.

Heider,K.(１８８９)DieEmbryonalentwicklungvonHydrophiluspiceusL.
GustavFisher,Jena.

Jackson,D.J.(１９５７)Anoteontheembryoniccuticleshedonhatchingbythe
larvaeofAgabusbipustulatusL.andDytiscusmarginalisL.(Coleoptera:
Dytiscidae).ProceedingsoftheRoyalEntomologicalSocietyofLondon,
SeriesA,３２,１１５–１１８.

Jackson,D.J.(１９５８)Egg-layingandegg-hatchinginAgabusbipustulatusL.
withnotesonovipositioninotherspeciesofAgabus(Coleoptera:
Dytiscidae).TransactionsoftheRoyalEntomologicalSocietyofLondon,
１１０,５３–８０.

４２



４３

Kemner,N.A.(１９１８)VergleichendeStudienüberdasAnalsegmentunddas
PygidiumeinigerKoleopterenlarven.WretmansBoktbyckeri,Uppsala.

Korschelt,E.(１９１２)ZurEmbryonalentwicklungdesDytiscusmarginalisL.
ZoologischeJahrbücher,Supplement,１５,４９９–５３２

Rempel,J.G.andN.S.Church(１９６９)TheembryologyofLyttaviridana
LeConte(Coleoptera:Meloidae).V.Theblastoderm,germlayers,and
bodysegments.CanadianJournalofZoology,４７,１１５７–１１７１.


