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Introduction
Cumaceans(Crustacea,Paracarida,Cumacea)are

epibenthicfaunaofsoftsubstratefromshallowwatersto
deep-sea.Cumaceanembryos,whichareincubatedin
themarsupiaorthebroodpouchoffemales,undergo
directdevelopment,andhatchoutasthemancalarvae
whicharesimilartotheadultsexceptlackingfifth
walkingleg.Thefirstmancalarvae(firstinstar)comeout
ofthemarsupiaandbeginpost-marsupialdevelopment.
MostcumaceansinthefamilyLeuconidaeusually

liveincoldwater,butsomeJapanesespeciesareknown
toinhabitshallow watersorbrackishlakes,where
ambienttemperatureisratherhighinsummer.Inthe
presentfieldstudy,thetimingcourseofintra-andpost-
marsupialdevelopmentin Nippoleucon hinumensis
(Leuconidae)wereinvestigated.

MaterialsandMethods
SpecimensofNippoleuconhinumensiswerecol-

lectedfromthemuddybottomofabout６mdepthinthe
midregionoftheSetoInlandSea(３６°３６’N,１３４°０９’E).
Smallepibenthicsledgesequippedwith２５０µmor５００
µmnylonmeshweretowedfor５０m,andthecollected
sedimentsweresievedthroughnylonmeshofthesame
opening,thenfixedinasolutionof５–１０% borate
bufferedformalinseawater.Twoto１２collectionswere
madeamonthbetweenAugust１９９８andMarch２００２.
Theanimalsweresortedunderastereomicroscopeand
preservedin５%boratebufferedformalinseawater.
Stagesoftheintra-marsupialdevelopmentwere

determinedasfollows;StageI,sphericalembryos;Stage
II,embryoswithsmalldorsalnotch;StageIII,embryos
withthesegmentationvisible;StageIV,embryoswith
appandeges(naupliusand１stpostnaupliusstages);Stage
V,larvaeshowingventralcurvature(２ndpostnauplius
stage);StageVI,１stmancalarvae.Thepost-marsupial
developmentalstages(instars)wereidentifiedandsex
wasdeterminedbytheshapeoftheappendages.

ResultsandDiscussion
Females incubated theirfirstbrood between

FebruaryandMarch,andtheirsecondbroodbetween
AprilandMay.Theintra-marsupialdevelopmentshowed
clearsynchronism amongembryos.Thetimeofthe
developmentofthefirstbroodwasmuchlongerthanthe
secondbrood.Itissuggestedthattheenvironmental
temperatureaffectedthespeedofembryonicdevelop-
ment.Themancalarvae,releasedinlateMarch,grew
rapidly,undergoing３moltingsinabout１０-dayintervals.
Exopodsofthefourthwalkingleginmalesremained
small,indicatingnoincreaseofsexualdimorphism
duringthisperiod.Theanimalsstorednumerouslipid
dropletsintheirbodycavity.InMay,theanimalsstopped
feedingforabout１０daysaftertheirthirdmolt.Nofood
residuewasobservedinthebodyuntillateNovember,
indicatingthattheyunderwentsummerdiapausefor６
months.Lipiddropletsintheirbodycavitydecreasedand
disappearedduringthisperiod.

After the diapause,they showed a distinct
semilunarrhythmofmoltingcycles,andbecameadult
malesorpreparatoryfemalesinearlyFebruary.Exopods
ofthefourthwalkingleginmalesincreasedinsizeby
eachmolt,leadingtoanincreaseofsexualdimorphism.
ThechangeofthesexratioofthespecimensinFebruary
indicateddeathsofmalesaftermating.Mostofthe
femalesdiedduringtheincubationofthesecondbroodin
May.
The process from the onset ofembryonic

developmenttotheendofthediapausewerehighly
synchronous.Alltheseprocessesfinishedbetween１０
and１４days.Coldwaterleuconidcumaceansdonotshow
suchahighlysynchronousdevelopment(Grangeretal.,
１９７９;Bishop,１９８２;BishopandShalla,１９９４;Cartesand
Sorbe,１９９６).ThissynchronisminthedevelopmentofN.
hinumensis leads us believe thatthese specific
adaptationoftheirlifecycleareresultoftheseasonal
hightemperatures.
Lessthan１% oftotalpopulationofthisspecies
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showednodiapause.Theseindividualsdidnotshow
synchronism in post-marsupialdevelopment.Non-
diapauseindividualsbecameadultswithinaperiodofone
andahalfmonthsafterhatching,andtheseindividuals
moltedthreetimeslessthanthediapause-group.This
suggeststhatdiapauseincreasestheindividuallife-span,
synchronizeddevelopment,andasaconsequence,brings
aboutamoreeffectivereproduction.
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