
CHROMOSOMENUMBEROFEPHORONSHIGAE ７

Introduction
TheburrowingpolymitarcyidmayflyEphoronshigae

(Takahashi)is distributed widely in Japan.Some
populationsarebisexual,andothersareunisexual(solely
females).Ourpreviousstudiespresentedexperimental
evidenceforthegeographicparthenogenesisinthis
mayfly(Tojoetal.,２００２,２００６).Weconsideredthatthe
parthenogenesisinthismayflyspeciesmostprobably
beganinoriginallybisexuallyreproducingpopulations,
becauseeacheggfromfemalesinunisexualpopulations
haswell-developedmicropyles.

Ingeneral,parthenogeneticpopulationsareoften
foundwithinharshenvironmentssuchasathigher
latitudesandaltitudes,inxericasopposedtomesic
ecosystems(Suomalainen,１９５０,１９６２;Glesenerand
Tilman,１９７８;Suomalainenetal.,１９８７),someisolated
conditionssuchasonislandsandisland-likehabitats,and
theperipheryofaspeciesdistributionarea(Cuellar,
１９７７).InEphoronshigae,however,thedistributionsof
thebisexualandunisexualpopulationsoverlapbroadlyin
theirgeographic ranges.Previous studies (e.g.,
WatanabeandIshiwata,１９９７)statednodifferencein
topographicalorhydrologicalcharacteristicsinany
environmentaldatabetweenthehabitats(rivers)of
unisexualandbisexualpopulations.

From theabovementionedbackground,Ephoron
shigaemayprovideagoodmeansofstudyinga
differentiation processbetween the unisexualand
bisexualpopulations,theestablishmentofparthenogene-
sis,andthedispersalofparthenogeneticindividuals.In
thispaper,we compared the reproduction modes
betweenthebisexualandunisexualpopulations,with
specialreferencetothenumberofchromosomes.

MaterialsandMethods
TheAbukuma-gawariver(FukushimaCity,Fu-

kushimaPrefecture)andHino-yosui(artificialwater-
waysoftheTama-gawariverbasin:HinoCity,Tokyo
Prefecture)populationsofEphoronshigaewerestudied
asrepresentativesofbisexualpopulations.TheNatori-
gawariverandHirose-gawariverpopulations(Sendai
City,MiyagiPrefecture)and Chikuma-gawa river
population(ChikumaCity,Naganoprefecture)were
studiedasrepresentativesofunisexualpopulations.

Eggswereobtainedfromvirginormatedfemalesin
therespectivepopulations,andincubatedseparatelyin
batches(immersedindistilledwater[DW],at２０±０.５℃
inathermostaticroom)untiltheearlykatatrepsis-stage
equivalenttostage１０intheembryogenesisofaclosely
relatedburrowingmayflyEphemerajaponica(Tojoand
Machida,１９９７).

Theembryosweredissectedfromthechorionand
incubatedfor４０–６０mininahypotonicsolution(１０%
Ephrussi-Beadlesolution[０.７５%NaCl+０.０３５%KCl+
０.０２１% CaCl２;cf.TojoandMachida,２００３]whichis
diluted with DW)containing０.００５% colchicin or
colcemide.Theembryoswerethenindividuallyplaced
onslidesandmaceratedwithaneedleinadropoffixative
solutionI(aceticacid:ethanol:DW=３:３:４).Several
minuteslater,fixativesolutionII(aceticacid:ethanol=
１:１)wasdroppedontotheslides.After１min,glacial
aceticacidwasdroppedontotheslideswhichwerethen
air-dried.Theseair-driedchromosomepreparations
werestainedwith３%Giemsasolution(NacalaiTesque)
inphosphatebuffer(Sigma-AldrichJapan;pH６.４)for１０
min.Then,theslidesweredippedintheDWfor１sec,
andair-dried.Chromosomespreadsontheslideswere
mountedinamountingagent(EntellanNew,Merck)and
photographedunderamicroscopeat１０００xmagnification.
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ResultsandDiscussion
InthetwobisexualpopulationsofEphoronshigae,

eitherelevenortwelvemitoticmetaphasechromosomes
werecountedamongsttheembryosoriginatedfrom５
matedfemalesintheAbukuma-gawapopulation,and
from６matedfemalesintheHino-yosuipopulation(Fig.
１A,B,Table１).Inthethreeunisexualpopulations
(Natori-gawa,Hirose-gawaandChikuma-gawa),how-
ever,onlyonechromosomaltype(twelvechromosomes)
wasobservedamongsttheembryosoriginatedfrom２０
virginfemalesintheNatori-gawapopulation,１４virgin
femalesintheHirose-gawapopulation,and８virgin
femalesintheChikuma-gawapopulation(Fig.２,Table１).

Consequentlythenumbersofchromosomesof
Ephoronshigaeareconsideredtobe２n=１１(male)and
２n=１２(female).Thesexchromosometypesthusmay
beXX(female)andXO(male).Thisinterpretationisin
agreementwithearlierobservationsofEphoronshigae
andEphoroneophilum (Aoyagi,１９９４),andofsome
speciesinthecloselyrelatedfamilyEphemeridae
(SoldánandPutz,２０００).Thepresentresultsalso
indicatethattheembryosfrom thethreeunisexual
populationsareallfemales(２n=１２),andthatthe
reproductivemodeoftheunisexualpopulationsisa
diploidthelytokousparthenogenesis.

It remains to be determined whether this
parthenogenesisisoftheautomicticorapomictictype.
Wehavestartedhistologicalstudiesontheoogenesisof
Ephoronshigaeintheunisexualpopulations,withspecial
referencetomeiosis;whetheritoccursornot,andifit
does,howitoccurs.
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Figs.１–２ ThemitoticmetaphasechromosomespreparedfromembryosofEphoronshigae.
Fig.１ Chromosomesof２n=１２(A)and２n=１１(B),obtainedfromanembryointhebisexualpopulation(Hino-yosui).
Fig.２ Chromosomesof２n=１２,obtainedfromanembryointheunisexualpopulation(Chikuma-gawa).

Table1 ChromosomenumbersofEphoronshigae

Numberofspecimensexamined
Population

２n=１２(♀)２n=１１(♂)Total

Bisexualpopulation

２３５Abukuma-gawa

４２６Hino-yosui

Unisexualpopulation

２００２０Natori-gawa

１４０１４Hirose-gawa

８０８Chikuma-gawa


