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Ephoronshigaeisknowntobeageographically
parthenogeneticspecies.Thatis,somepopulationsare
bisexual,andothersareunisexual(solelyfemales)
(WatanabeandIshiwata,１９９７;Tojoetal.,２００６;Sekiné
andTojo,２０１０a).InthepreviousstudyonE.shigae,
obligatoryparthenogenesis(parthenogenesisasthe
normalmodeofreproduction)appearedintheunisexual
populations(Tojoetal.,２００６).Inthepopulations,the
parthenogeneticabilitywascomparativelyhigh;more
than８０% ofunfertilized eggs were developed
successfully(Tojoetal.,２００６).Furthermore,itwas
revealedthatallfemalesreproducedviaparthenogenesis
were diploid,and the processofparthenogenetic
recovery ofdiploidy wasofthe automictictype
categorized in the typical‘terminalfusion’pattern
(SekinéandTojo,２０１０b).
Basedonourotherhaplotypeanalysisstudyof

mitochondrialDNA(inthe１６SrRNAandtheCOI
regions),ithasbecome clearthatthe unisexual
populationsscatteredthroughoutJapanareofsingular
(monophyletic)origin,anditsancestororiginatesinthe
westernregionofJapan(Sekinéetal.,inpreparation).
And,notonlyintheunisexualpopulations,butalso
inthebisexualpopulations,parthenogeneticabilityof
thevirginfemaleswasalsoobserved(SekinéandTojo,
２０１０a).However,inthiscase,theaveragesuccessrate
ofparthenogeneticdevelopmentofunfertilizedeggs
wassignificantlylowerthanthatofvirginfemalesin
theunisexualpopulations.Allindividualsreproduced
by parthenogenesis in this population were also
diploidfemales(SekinéandTojo,２０１０a).Accordingly,
wesuggestedthatparthenogeneticability(whether
tychoparthenogenesisorfacultativeparthenogenesis)in
bisexualpopulationsofE.shigaemayfacilitatethe
evolutionarytransitiontounisexualpopulationswith
fullyobligatoryparthenogenesis.

Parthenogenesis has been reported in some

mayflies(Degrange,１９６０;HuffandMcCafferty,１９７４;
Gibbs,１９７７;Humpesch,１９８０;SweeneyandVannote,
１９８７;Glazaczow,２００１;Ball,２００１,２００２).Andevenin
somebisexualmayflyspecies,theunfertilizedeggsof
thevirginfemalesoftendevelopparthenogenetically.In
mostcases,lessthan１０% ofthem possessthe
tychoparthenogeneticability (Huffamd McCafferty,
１９７４;Templeton,１９８２;Ball,２００１).Incontrasttothese
cases,however,theparthenogeneticabilityandthe
presenceofitspotentialinvirginfemalesofbisexual
populationsofE.shigaeisconsideredtobequitehigh
(SekinéandTojo,２０１０a).Forexample,inthethree
bisexually reproducing species(Ephemera japonica,
Ephemerastrigata,andEphemeraorientalis)thesuccess
ratesofparthenogeneticdevelopmentinunfertilized
eggsweresignificantlylowerthanthoseofvirgin
femalesinbisexualpopulationsofE.shigae(Sekinéand
Tojo,２０１０a).Astheparthenogeneticabilitiesina
facultativelyparthenogeneticsituationwerehighin
bisexualpopulationsofE.shigae,thepotentialtoevolve
fromabisexualtoaunisexualpopulationmaybehigher
inE.shigaethaninothermayflies.Isthistrendpeculiar
toE.shigaeamongmayflies,ornot?

Herewehavestudiedtheparthenogeneticpotential
invirginfemalesofabisexuallyreproducingspecies,
Ephoroneophilum,oneofthemostclosely-related
speciestoE.shigae.From thecomparisonbetween
thesetwospecies,wediscusstheoriginoftheobligatory
parthenogenesisinEphoronmayflies.

Weincubatedtheunfertilizedegg-batchesofseven
virginfemalesofthebisexualspecies,E.eophilum,from
theKinu-gawaRiverpopulation(Jyoso,IbarakiPrefec-
ture).Theaveragerateoftheembryosdevelopedtothe
finalstagewas１６.７±２６.８%.Amongtheseeggbatches,
however,twoparticulareggbatchesshowedextremely
highrates,７０.２%and３４.７%.
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Inthenymphsdevelopedparthenogeneticallyinthe
Kinu-gawaRiverpopulationofE.eophilum,only１６
chromosomeswerenoted(n＝１８;thenumberofnymphs
examinedwas１８).However,either１５or１６mitotic
metaphasechromosomeswerecountedinnymphs
originatingfrommatedfemalesofthisspecies.Thesex
chromosome(s)inEphemeropteraarehomogametic
(XX)infemales,andareheterogametic(XYorXO)in
males(White,１９７３).Accordingly,the numberof
chromosomesinE.eophilumareconsideredtobe２n＝
１５(male)and２n＝１６(female).In parthenogenetic
femalesofE.eophilum,１４diploidautosomesandthe
homogameticsexchromosomeswereobserved(２n＝
１６).Therefore,theparthenogeneticmodeofthismayfly
maybeadiploidthelytokousparthenogenesisasinE.
shigae.
Fromtheseresults,itisconsideredthatthehigh

parthenogeneticdevelopmentrate,morethan１０%,ofE.
eophilumunfertilizedeggs,whichinfactexceedsthatof
E.shigae,isnotspeciesspecificinE.shigae.
AsthelifespansofadultE.shigaeandE.eophilum

areextremelyshort(lessthantwohours),somefemales
maydiebeforethecopulation.Furthermore,femalesof
these speciesoften discharge eggswith minimal
externalstimuli(e.g.,changesofmoistureoratouchon
thebody)evenbeforemating.IntheE.eophilum
specimensindividuallyreared,alloftheexaminedvirgin
femalesubimagosactuallyovipositedasaresultofthe
stimulusoftheirlandingonwater.Therefore,the
parthenogeneticabilitymayhavemadefemalesproduce
somemeasureofreproductiveproductwithoutmating.
Thereareseveralremainingissuesrelatedto

theviabilityofoffspring(e.g.,thehatchingrateof
parthenogeneticallydevelopedembryosandthesurvival
rateofhatchednymphs).Iftheseratesareremarkably
highandthehighratesdescendtothefollowing
generations,theproportionofeggsdevelopingvia
parthenogenetic reproduction may have gradually
increasedthroughgenerationsandthefemaleratioofthe
populationgraduallybecomedominant.Atransitionfrom
thetychoparthenogenesistothefullobligatorypartheno-

genesisthrough thefacultativeparthenogenesisis
hypothesizedinsomepopulationsofE.eophilum,asin
thoseofE.shigae.
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