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Arthropodaisoneofthemostprosperousgroupsin
termsofthespecificdiversity.Withinthisgroup,
crustaceansspecializedtheirappendagesmorphologi-
cally and functionally (e.g.,antennae,mandibles,
maxillae,maxillipeds,gnathopods,pereopods,pleopods
anduropods),whilstretainingsomeoftheirancestral
bodyplanofarthropods(e.g.,biramousappendages).
Thus,crustaceansexhibitcharacteristicsoftheoriginal
archetypealongwithsubsequentadaptionstothe
originalbodyplanofthearthropod.Crustaceaisa
particularlyusefultaxon toelucidatethepath of
evolutionandthediversificationofArthropoda,andin
attemptingtoclarifythemorphogeneticandevolution-
aryshiftprocessfrom thebasicbodyplanofthe
Arthropoda.

Forsuchevolutionarydiscussion,thecomparative
embryologicalapproachisoneofthemostpromising
methods.With respectto the shiftprocess,the
embryogenesisofcrustaceanshasbeenstudiedrecently
byWolffandScholtz(２００２),Browneetal.(２００５)and
UngererandWolff(２００５),butcrustaceanembryology
stillremainsunclear,ascrustaceansareadiversified
groupinmarinehabitatswherestudyareasarevery
restrictedtocoastalareas.Moreover,becausemany
crustaceanshaveuniquelifecycleswith multiple
metamorphicstagesdevelopingthroughmanyunique
larvalstages,suchasthenauplius,zoea,andmisis
larvae,itisdifficulttoprogresstheircomparative
embryologicalstudy.
Insuchacontext,muchattentionhasbeenpaidto

freshwateramphipodcrustaceansintermsofcompara-
tiveembryologicalstudy(e.g.,Gerberdingetal.,２００２;
Browneetal.,２００５;UngererandWolff,２００５),because
theydevelopsimplywithoutmetamorphosis(i.e.,
‘directdevelopment’).Wehavestartedanembryological
studyofanamphipodcrustaceanusingCrangonyx
floridanus.Thisamphipodisnotanativespeciesto

Japan,butrecently,theywereintroducedtoandhave
becomewidelydistributedacrossJapan(Kanadaetal.,
２００７).Assuchwecancollectthemeasilyasspecimens
forcomparativeembryology.Fromourobservationsin
thefieldandlaboratory,wefoundalargerangeof
favorablecharacteristicsmakingthem wellsuitedfor
study.Wecanbreedthemveryeasilyinsmallcontainers,
andalsomaintainstrains.Also,theycanmateand
reproducethroughouttheseasoninthelaboratory(not
onlyinthelaboratory,butalsointhefieldevenwithlarge
temperaturevariations).Wecanalwaysobtainembryo-
logicalmaterials.Moreover,duetotheirpalesemi-
transparentbody,wecanexternallyobservetheiregg
maturation.Asaresult,wecaneasilycontrolthetiming
oftheirmating,andalsocanretrievepromptlytheir
newlyovipositedeggs(i.e.,atthe０hofembryogenesis).

Weoutlinetheembryogenesisofthisamphipod
species.(１)Theembryogenesistakesabout１０daysto
reachcompletionwhenconductedat２０℃ (１０.６±０.５７
days,N=１５).(２)Theembryoniccleavagepatternis
initiallyholoblastic(Fig.１),butthecleavagesfrom３２-
cellstageonwardaresuperficiallyperformed,duetothe
retardationofcytoplasmicdivision(Fig.２).Inthe
superficialcleavages,eggnucleimigratetothesurfaceof
theegg,andtheboundariesofblastomeresdisappear.(３)
Embryonicandextra-embryonicareasbecomedistin-
guishable(i.e.,germdiscformation),thegermband
formsontheventralsideoftheegg,andthenextends
towardstheposterior.(４)Anlagesofappendagesappear
from anteriortoposterior(Fig.３).(５)Asinglepair
ofknob-like structuresappear(i.e.,presumptive
‘paragnathal’swellings),developinginthemandibular
segmentinthelaterstage(PginFig.４),andtheydonot
commence formation concurrently with the other
appendageanlagesofcephalicsegments(i.e.,antennal
andgnathalappendages).Alsoofnoteisthattheywere
formedintheinnerregionofthemandibularanlagesand
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theothercephalicappendages(Figs.４,５).Thatis,the
‘paragnath’isnotappendicularbutsternalinitsorigin.
(６)A‘germbandsplit’isnotobservedinthisamphipod
Crangonyxfloridanus(Fig.５),thoughitisobserved

duringtheappendageelongationstageofsomeother
talitridamphipods’embryogenesis(e.g.,Orchestia
cavimanainthefamilyTalitridae;UngererandWolff,
２００５).
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Figs.１,２EggsofCrangonyxfloridanusincleavage.
Fig.１ Alateralview(A)andlongitudinalsection(B)ofthe２-cellstageeggs(severalhoursafteroviposition).Theeggisdividedintoblastomeres,

i.e.,itisintheholoblasticcleavagephase.Eachcleavagenucleuscanbeseenatthecenterofeachblastomere.
Fig.２ Alateralview(A)andlongitudinalsection(B)ofeggsinthesuperficialcleavagephase.Aneggofabout１.５daysafteroviposition(A),

stainedwithDAPI,andobservedusingfluorescencemicroscopy(UVexcitation).Aneggofabout２daysafteroviposition(B),inwhich
cleavagenucleicanbeseenjustunderthesurfaceoftheegg.

BBm:boundaryofblastomeres,Bm:blastomere,Ch:chorion,CN:cleavagenucleus,Y:yolk.Scales=１００µm.

Figs.３–５EmbryosofCrangonyxfloridanusinappendagesdevelopingstage(SEMs).
Fig.３ Ventro-lateralviewofadissectedembryo.EmbryoacquiresanS-shape,withitsfoldedposterior(predominantlybeingtheabdominal

region).Thesegmentationofembryocommencesinthecephalicandthoracicregions,andappendageanlagesappearinthecephalicand
thoracicsegments.

Fig.４ Ventro-lateralviewofadissectedembryo.Theposteriorpartofthethoraxandabdomenwereremoved.Asinglepairofpresumptive
‘paragnathal’swellingsappearinthemandibularsegment.

Fig.５ Ventro-lateralviewofadissectedembryo.Theabdomenwasremoved.Paragnathscanbeobserveddevelopingtoknob-likestructures.
A１,２:firstandsecondantenna,A１Ex:exopodofthefirstantenna,Ab:abdomen,G１,２:firstandsecondgnathopods,Ic:incisor,Lr:labrum,Md:
mandible,MdP:mandibularpalp,Mo:molar,Mx１,２:firstandsecondmaxillae,Mx１P:firstmaxillarypalp,Mxp:maxilliped,Pe３–７:thirdtoseventh
pereopods,Pg:paragnath,SP:stomodaealprojection.Scales=１００µm.
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