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Scorpionembryogenesispatternsareclassifiedinto
twotypesbasedontheplacewheretheembryo
develops;１)developmentwithinthelumensofthe
ovariuterinetubules,i.e.,“Apoikogenicdevelopment,”
and２)developmentintheovariandiverticula(special
protuberancesfromtheovariantubes),i.e.,“Katoiko-
genicdevelopment”(Laurie,１８９６).Apoikogenicdevel-
opmentis considered to be ovoviviparity,being
identifiablebasedontheembryohavingalargeamount
ofyolk.Insomecases,thereisacombineddevelopment
type between ovoviviparity and viviparity,where
embryosareidentifiablebyarelativelysmallyolkand
arepartlynourishedbytheirmother(Laurie,１８９６).
Katoikogenicdevelopmentisconsideredtobefull
viviparitybecausetheembryosarecompletelydevoidof
yolk and are totally dependenton theirmother
fornourishment.Duringtheembryogenesisofthe
katoikogenicdevelopmentaltypescorpions,anarrow
cord-shapedspecialstructurecalledthe“appendix”is
developedatthedistalofeachovariandiverticulum,and
itisconsideredthattheembryoisnourishedwith
maternalresourcesviathisappendix.
Mathew(１９５６)reportedonaninterestingdevelop-

mentprocessobservedinthekatoikogenicscorpion
Heterometrusscaber(Scorpionidae).IntheembryoofH.
scaber,foregutand midgutformation beginsata
remarkablyearlystagewhenthebodysegmentsandlegs
havestillnotdifferentiated,andtheembryoabsorbsthe
nourishmentprovidedfromitsmotherintoitsmidgut.
Comparedtotheformationofthedigestivetractof
apoikogenicscorpionsandotherarthropodgroups,that
ofH.scaberoccursatanextremelyearlypoint.Thisearly
formationofthedigestivetractandtheuniquemodeof

nourishmentareconsideredtobeanadaptationfound
onlyinviviparous(katoikogenic)species.However,in
otherkatoikogenicspecies,thepatternsandstagesof
digestivetractformationhavenotbeenstudiedindetail.
Oneofthereasonsmaybeinthefactthatscorpion
embryosdevelopinthematernalbody(Anderson,１９７３;
Polis,１９９０),andasaresultitisdifficulttorecognizethe
startingpointoftheirembryogenesisandtoproperly
observethetimingofthedistinctembryonicstages.
Thesedifficultieshavebeenovercomebyusingthe
viviparous(katoikogenic)liochelidscorpion,Liocheles
australasiae(Yamazakietal.,１９９８).L.australasiae
scorpions ofIriomote-jima Island are known to
reproducebymeansofthelytokousparthenogenesis
(Makioka,１９９３;YamazakiandMakioka,２００５).Adult
femalesreproduceparthenogeneticallyandcyclically
repeatpregnanciesandparturitions(Yamazakiand
Makioka,２００５).

Inthepresentstudy,wefoundthatadultfemalesof
L.australasiaegavebirthto１stinstars３６２±２.５１days
(mean±S.E.,n=４２)afterthelastparturition,inthe
individually reared at２５℃.By using the easily
identifiabledateofparturitionasthebeginningofthe
nextpregnancycycle,theembryonicdevelopment
processofscorpionscanbedescribedsystematically,
relatingeachstageandobservationaccuratelytothe
startpointofthecycle.Inthepresentstudy,wefocuson
theembryogenesisofL.australasiae,withspecial
referencetothedigestivetractformation.

In the embryo ofLiochelesaustralasiae,the
invaginationofitsforegut(stomodaeum formation)
commencesabout７０daysafterthelastparturition,
whiletheforegutandmidgutdevelopwithinfurther１０
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days.Around８０daysafterthelastparturition,the
absorption and accumulation ofnourishmentfrom
motherarealreadyobservedindigestivetract,priorto
thecompletedifferentiationofbodyregions,prosoma,
mesosomaandmetasoma,andlegrudiments(cf.Fig.１A,
Bvs.Figs.２,３).Thepatternsandtimingofdigestive
tractformationofL.australasiaearemostlysimilarto
thatofH.scaberdescribedbyMathew(１９５６).Therefore,
itissuggestedthatdigestivetractformationinthevery
earlystagesisacommonfeatureofkatoikogenic
scorpions,astheyarefullyviviparousandtherefore
need nutrition throughouttheirentire embryonic
development.
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Figs.１–３Liochelesaustralasiaeembryos(lateralviews)andasagittalsection(hematoxylin-eosinstaining)ofanembryo.Anterioristotheleft,and
dorsalisatthetop.

Fig.１ Anembryoabout８０daysafterthelastparturition.A.Alightmicrographoftheembryo.Differentiationofprosoma(Prs)andopisthosoma
(Ops;mesosoma+metasoma)arevisible.Partsofthedigestivetract(DT),especiallytheforegutandmidgutoftheembryo,havebeen
developed.Whitedottedlineshowstheboundaryofbodyregions,prosomaandopisthosoma.B.Asagittalsectionofanembryoatthesame
embryonicstageasshowninA.Theproximalpartofthetubeofappendix(TAp)connectstotheforegut(Fg)oftheembryo,andnourishment
(N)fromthemotherisabsorbedandaccumulatedviatheappendixandforegutintothemidgut(Mg).Graydottedlineshowstheembryonic
area.

Fig.２ Anembryoabout１２０daysafterthelastparturition.Apairofchelicera(Ch)andfourpairsoflegrudiments(L)areevident.Seven
mesosomalsegmentsareformed.Whitedottedlinesshowtheboundaryofbodyregions,prosoma(Prs),mesosoma(Mss)andmetasoma
(Mts).

Fig.３ Anembryoabout１７０daysafterthelastparturition.Fivemetasomalsegmentsaredifferentiated.Whitedottedlinesshowtheboundaryof
bodyregions,prosoma(Prs),mesosoma(Mss)andmetasoma(Mts).

Ap:appendix,EOD:epitheliumofovariandiverticulum,Pd:pedipalp.Scales=１:２５０µm;２,３:５００µm.


