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lntroduction

ThefamilyAdrainichthyoideiisasmallgroup
endemictoAsia.ThegeneraOf37Ziaswith14

species,Xenopoeciluswiththreespecies,Adria-
nichthyswithonespecies,andHoraichthyswith

onespeciescomposethefamilyAdrainichthyoidei
(Yamamoto,1975;Uwa,1986;Iwamatsu,1993;
NaruseeTal.,1993:Nelson,1994).Thesefishes

arefoundinbrooks,ponds,canals,paddyfields
andlakes.Hereisummarizethecurrentclassifica-

tion,taxonomichistory,zoogeographicaldistribu-

tion,andphylogeneticrelationships,usingSeveral
charactersystems,includingkaryotypes,protein

electrophoreticpatterns,mitochondrialDNA
sequencedataandnuclearDNAhomology.

Recentstatusofthecfassificationofmedaka
andrelatedfishes

FishesofthegenusOyyzlaSaremembersofthe

atherinomorphataxonBeloniformes(Nelson,
1994;DyerandChernoff,1996).Relationships
amongfishesofthefouratherinomorphorders
(Atheriniformes,Beloniformes,Mugiliformesand

Cyprinodontiformes)aresummarizedasfollows:

SLLPt,rt)rLJt,r:ILtELltlhI,pt(･r.vgiLI

Series"Percomorpha"

lmanyorders]

SeriesAtherinomorpha(sensuiato)
OrderMugiliformes

FamilyMugilidae
OrderAtheriniformes

SuborderBedotioidei

Fami1yBedotiidae
SuborderMelanotaenioidei

FamilyMelanotaeniidae
FamilyPseudomugilidae

SuborderAtherinoidei

FamilyAtherinidae

FamilyNotocheridae(Isonidae)

FamilyAtherinidae

FamilyTelmatherinidae

FamilyDentatherinidae

FamilyPhallostethidae

SubfamilyPhallostethinae

SubfamilyGulaphallinae
OrderBeloniformes

SuborderBelonoidei

SuperfamilyScomberescoidea
FamilyBelonidae
FamilyScomberescoidae

SuperfamilyExocoetoidea
FamilyExocoetoidae

FamilyHemiramphidae
SuborderAdrianichthyoidei
FamilyAdrianichthyidae

SubfamilyHoraichyinae
GenusHoraichthys

SubfamilyOryzllnae
GenusOz7ZlaS
SubfamilyAdrianichthyinae
GenusAdrianichthys

GenusXenopoecilus
OrderCyprinodontiformes(Microcyprini)
SuborderAplocheiloidei
FamilyAplocheilidae
SubfamilyAplocheilinae
SubfamilyRivulinae

SuborderCyprino山ntoidei

FamilyProfundulidae
FamilyFundulidae
FamilyValenciidae

FamilyAnablepidae

SubfamilyOxyzygonectinae
FamilyPoeciliidae

StlbfamilyPoeciliinae

SubfamilyFluviphylacinae
SubfamilyAplocheilichthyinae
FamilyGoodeidae

SubfamilyEmpetriChthyinae

SubfamilyGoodeinae
FamilyCyprinodontidae

SubfamilyCubanichthyinae

SubfamilyCyprinodontinae

*ThispapercontributestotheSpecialIssue"DevelopmentofMedakaBiologyinJapaJl."
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Fig.I.TheplateandthedescdptionofthemedakainPisces,Siebold'SFaunaJapt)nL'ca(TemminckandSchlegel,1846).



Phylogenyofmedakaandrelatedfishes

Briefhistoryofmedakaclassification

Themedaka(OTyZiaslatipes)wasthefirst

speciesoftheAdrianichthyoideidescribed･Itwas

orlglnallyasslgnedtoPoeciliabyTemminckand

Schlegel(1846).Fig.1Showstheplateandthe

descrlptlOnOfthemedakainPisces,Siebold's

FaunaJaponica(1846).Subsequently,thegeneric
positionof0.latipeshasbeenchangedseveral
times.Bleeker(1860)placeditinAplocheilus･

JordanandSnyder(1906)designatedthegenus

OチッZlaSinwhichtoplacethisspeciesbecause
Oり′ZiashasnoteethonthevomerwhileAplo-
cheilusdoesit.Thiswasthefirsttimewhenthe

genericnameOり′ZlaSWasPrOpOSed･
ThetaxonomicpositionofOり′ZJd∫Withinathe-
riniformfisheshasalsobeenthesubjecttodis-

agreement.Before19640′γzfα∫WaSWidely

regardedasamemberofthefamilyCyprinodon-
tidae.OthermembersofthisfamilyIncludethe

generaCyprinodon,Fundulus,Aplocheilusand
Panchax.Rosen(1964)drasticallyrearrangedthe

taxonomicrelationshipsofhalfbeaks,killifishes

and silversides･Heproposed thenew order
Atheriniformsandthenew familyOryziatidae

(Oryziidae)withonegenusO′γzfが.Three
Families(Oryziatidae[Oryziidae],Adrianichthyi-
daeandHoraichthyidae)composedtheSuperfami-
1yAdrianichthyoidea･ThesuperfamiliesAdria-
nichthyoideaandCyprinodontidaeweremembers
oftheSuborderCyprinodontoidei･Atthetime
medakaanditsrelativeswererelatedtoCyprlnO-

dontifomes.RosenandParenti(1981)proposed
newtaxonomicrelationshipsofOryzlaSandthe

groupofAtherinomorphfishes.Basedonthegill
archskeletonandhyoidapparatus,theyassigned

OTyZias(ricefishes)andtheiralliestotheBeloni-
fomes(fishesrelatedtohalfbeaks).Thefamily

Oryziatidae(Oryziidae)wasinco叩Oratedintothe
familyAdrianichthyidae.Nelson(1994)also

agreedwiththistaxonomicrelationshipsamong

Atherinomorphfishes.

DistributionoffishesofAdrianichthyoidei

FishesoftheAdrianichthyoideiarewidelydis-
tributedfromIndiatotheFarEast.Fig.2shows

thedistributionofthesefishes.Onelineageof

Adrianichthyoideiisrepresentedbyaslngle

species,Horaichthyssetnai(Kulkarni,1940),

whichisfoundalongcoastalIndiafromnearthe
GulfofKutch(northwestIndia)toTrivandrum

nearthesoutherntip(Nelson,1994).Fishesinthe

otheradrianichthyoidlineagehavebeenasslgned

3

tothreenominalgenera.Thereare14described

species of OryzlaS. OTyZlaS malastlgma
(McClelland,1839)hasawidedistribution

throughoutsouthernandsoutheastAsia,ranglng
fromPakistan,India,andSriLanka,toBurmaand

Thailand.OTyZiasjavanicus(Bleeker,1854)is
foundinsouthernThailand,theMalayslan
Peninsula,Java,BorneoandSulawesi(Uwa,1990;

Iwamatsu,1993;Naruseetal.,1993).OfγZias

minutillus(Smith,1945)iswidelydistributedin
Thailand,southwesternChina(Yunnan),and

Burma(Rangoon)(Magtoon,1991;MagtooneJ

al.,1992;Magtoonetal,,1995).OTyziasmekong-

nensisdescribedbyUwaandMagtoon(1986)is
distributedinnortheastnlailand.OTyZlaSCuTVino-

tus(NicolasandPope,1927)isfoundinsouth

ChinaandHainan.0り7Ziasluzonensis(Herreand
Ablan,1934)isonlydistributedinsouthernpartof

Luzon.OTyZiaslatipes(TemminckandSchlegel,
1846)isdistributedinJapan,KoreaandChina
(Sakaizumi,1990).0り′Ziascelebensis(Weberand

deBeaufort,1922),0.nigrimas(Kottelat,1990b),
0.matanensis(Aurich,1935),0.marmoratus

(Aurich,1935),0.0rthgnasus(Kottelat,1990a),
and0.profundicola(Kottelat,1990b),arefound
inlakesandriversofcentralandsouthernSulawesi.

Threeotheradrianichthyoidspecieshavebeen
assignedtothegenusXenopoecilus:X.poptae
(WeberanddeBeaufort,1922),X.saracinorum
(Popta,1905)andX.oophorus(Kottelat,1990a)･
Thesespeciesarealsofoundexclusivelylnthe
lakesofcentralSulawesi.Anotheradrianichthyoid,

Adrianichthyskruyti(Weber,1913),alsoinhabits
LakePosoincentralSulawesi.Thusllofthe19

SpeciesofAdrianichthyoidaearefoundinSulawesi
(Naruseetal.,1993).Fig.2bshowsthedistribu-
tionoffishesofAdrianichthyoideiinSulawesi.

WiththeexceptlOnOf0.celebensis,eachadri-

anichthyoidspeciesinSulawesiisendemictoa

slnglelake.Desplteextensivefieldsurveysin
1991and1992,twoendemicspecies,Xenopoeci-

luspoptaeandAdrianichthyskruytl,Werenot

foundandmaybeextinct(Kottelat,1990a;Naruse
etal.,1993).OTyZiastimorensis(Weberandde
Beaufbrt,1922)isdistributedontheislandof

Timor,Indonesia.Thekaryotypeandtaxonomic

relationshipsofthisspeciesarenotclear.

Horaichthysisunlqueamongatherinomorphsin

theproductionofaspematophoreandinpossess-

inginternalfertilization(Grief,1984;Griefand

Collette,1987).Horaichthysinhabitsbothfresh

andbrackishwaters(Nelson,1994),asdoOTyZias
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Phylogenyofmedakaandrelatedfishes

malastigmaand0.javanicus(Uwa,1990).All

otheradrianichthyoidspeciesareconfinedexclu-

sivelytofreshwaters.

PhylogenyoftheAdrianichthyoidae

(a)Kaf70logicalanalysisoffishesintheAdria-

nichthyoidae

Goodrich(1927)wasthefirsttocommenton

chromosomenumberinOTyZlaSlatipes,noting

thatinmetaphaseplatesofspe-atocytedivisions

variedfrom22to24.Usingtestisasmaterial,the

precisechromosomenumberin0.latlPeSWas

conclusive一yestablishedbylrikiin1932,who

concludedthatthehaploidsetofchromosomes

was24(Iriki,1932a,b)･Thereareseveralreports

onkaryotypesof0.latlPeSusingdirectmethod

(OjimaandHitostumachi,1969;Arai,1973)but

detailedkaryotypeswerenotestablisheduntil
1981.Establishmentofcellculturemethodshave

aidedtheproductionofdetailedkaryotyplCanaly-

sis(Ojima,1983).Detailedkaryotypesof0.

latipesweredeterminedusingCellculture,airdry

method,andbandingtechnique(NORsandC

ban°ing)(Uwaandqjima,1981).

MostkaryologlCalstudiesofadrianichthyoid

fishesweredonebyUwaandhiscolleagues(Uwa,
1986,1990;FomacionandUwa,1985;Uwaand

Dudgeon,1988;UwaandIwata,1981;Uwaand

Jeon,1987;Uwaandqjima,1981;Uwaand

Parenti,1988;Uwaetal.,1983).Table1summa-

rizeskaryotypesoffishesinAdrianichthyoidae.

5

ThebasicchromosomenumberofOryzlaSWas

determinedtobe48(Uwa,1986,1990).Anuploidy

andpolyploidyhavenotbeenobserved(Uwa,
1990).

UwadividedOり′ZJd∫Speciesintothreegroups

accordingtotheirkaryotypes.First,thereisa

Hmono-armed"chromosomegroup,inwhichthe

basickaryotypeis48acrocentricchromosomes

(chromosomenumberis48,arm numberis48).

Themembersofthisgrouphavesubtelo-and

acrocentricchromosomes.Threespecies,0.

jaVanicus,0.melastlgmaand0.minutillus,com-

prisethisgroup(Magtoon,1986,1991;Uwa,

1986,1990;UwaandIwata,1981;Magtoonetal.,

1992,1995).

ThesecondgrouplStheHbi-armed'chromo-

Somegroupwhichischaracterizedbymetaand
submetacentricchromosomes.Thebasicchromo-

somenumberofthisgroupis48(chromosome

numberis48,am numbervariedfrom58to96).

Theseresultsshowthatchromosomalchangein

thisgroupresultsmainlyfromperi-centricinver-

sions.Themembersofthisgroupare0.latipes,

0.curvinotus,0.luzonensisand0.mekongnensis

(Uwa,1986,199la;UwaandMagtoon,1986).

OTyZlaSmekongnesiswasfoundanddescribedby

UwaandMagtoonin1986.0り′ZlaSlatlPeSis
dividedintofわurpopulations,northern,southern,
easternKoreaandChina-westKorea,basedon

allozymevariations(Sakaizumi,1984,1986a,b,
1990;SakaizumiandJeon,1987;Sakaizumietal.,

Table1.GroupingbykaryotypesandconservationofOLRIinfishesoftheAdrianichthyoidei

Groupname Species Karyotypes ORL1

Mono-armedchromosomegroup OJγZlaSmelasTlgma 48 24A
07TZlaSJaVanicus
0.minutillus

Bi-armedchromosomegroup

Fusedchromosomegroup

Notclassified

0.mekongnensis
0.latipes

0.curvinotus
0.luzonensis

0.celebensis

0.nigrlmaS
0.marmoratus

48 24A
28 7M+lSM+6A
30 6M+lSM+8A
32 5M+lSM十10A
34 4M+lSM+12A
40 1M+1SM+18A
42 21A

48 1M+4SM+12ST+7A +
46 3M+9SM+2ST+9A ++
48 2M十8SM+lST+13A
48 4M+13SM+5ST+2A ++
48 24M&SM ++

36 4M+2SM+12A
38 3M+2SM+14A
42 1M+2SM+lST+17A

0.matanensis 42 1M+2SM+18A

X.saracinorum

X.oophorus
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1980,1987).FishesoftheChina-westKoreapop-
ulationhave46chromosomes(Uwa,1986,1990;

Chenetal.,1989)comparedwith48Observedin
fishesofotherpopulations.Thisdifferencemay

havebeencausedbycentricfusioninancestorsof

theChina-westKoreapopulation.

ThethirdgroupISthe"fused"chromosome

group.Fishesofthisgrouppossessonetofour

palrSOflargemeta-orsubmetacentricchromo-

somesintheirmetaphaseplates.Thebasicchro-
mosomenumbervariesfrom36to42,andthearm

numberis48(Uwa,1992;Naruseetal.,1993),
indicatingthattheorlglnOfthefusedchromosome

mayhavebeenmainlycausedbycentricfusion･

Themembersofthisgroupare0.matanensis,0.

nlgrlmaS,0.maTmOratuSandO･celebensis･Karyo-

typesofAdrianichthys,Xenopoecilus,0′γzlaS

timorensis,0.profuncdicolaandO･Orthognasus
arenotwelldocumented.Fig.3showsthemeta-

phaseplateofXenopoecilussaracinorumwhich
havetwopalrSOflargemetacentricchromosomes.
Accordingtothecriteriausedinchromosomal

grouplngOutlinedabove,X.Saracinorumshould
beviewedasamemberofthefusedchromosome

grOup･

KaryotypICevolutionofOり′ZlaSminutillushas
provedtobeacasestudyinchromosomalevolu-

tion.01γZlaSminutilluswasfirstreportedtobea
memberofthefusedchromosomegroupdueto

thepresenceoflargemetacentricchromosomes

(Uwa,1986;MagtoonandUwa,1985).Following

fieldsurveysinThailandandsouthwesternChina,

however,karyotypepolymorphismwereobserved.

WhereasspecimensfrompeninsularThailand,the

Fig.3.AmetaphaseplateobtainedfromanembryoofXeno-
poeciLussaracinorum.Arrow-headsindicatethelargemetacen-
tricchromosomes.

MekongregionandsouthernChina(Yunnan)pos-
sess42acrocentricchromosomes(Uwa1991b;

Magtoonetal.,1992,1995;Uwaetal.,1988),
specimens from centralThailand (the Chao

Pharayaregion)arecharacterizedbythepresence

oflargemetacentricandNORs-chromosomes

whicharepresumedtobetheresultofcentric

fusionandpericentricinversion･Inshort,chromo-
somenumbersvariedfrom28to42.Inaddition,

thesechromosomalchangeshaveonlyoccu汀edin

populationsalongtheChaoPhrayariver.Bycom-

biningisozyme(Takata,1991;Takataetal.,1993)

andkaryotypeanalyses(Uwa,1991b;Magtoonet
al.,1992),Uwa(1991b)andMagtoonetal.(1992)

hypothesizedtheevolutionarypathwayof0.

minutillus.0.minutillusbearlngthebasickary-

Otypeiswidelydistributedinthelndo-China

peninsula.InThailandthisspeciesmayhavebeen

geographicallyisolatedanddifferentiatedinto

threesubpopulations,thePeninsular,MaeNan

ChaoPharayaandMekonggroups.IntheMae

Nan ChaoPharayagroup,severalkaryotype
changes,mainlycentricfusion,musthaveoccur-

red.PopulationsinthePeninsularThailandand
MekongreglOngroupshavemaintainedthebasic

karyotypeuntilnow.

(b)Molecularphylogeneticanalysisoffishesin

theAdrianichthyoidae

Sakaizumi(1985a,b;1990)hasreportedthe

phylogeneticrelationshipsamongfivespeciesr0.
JaVanicus,0.melastlgma,0.latipes,0.luzonen-
sisand0.celebensis)usingallozymevariation
andtheexpressionofparvalbumins.Thesestudies
indicatethatthefishesofOTyZlaSexaminedare

dividedintothreegroups:the0.javanicusand0.

melastlgmagroup,theO･latipesand0.luzonensis

groupandtheO･celebensisgroup･Therearethree
kindsofparvalbuminbands(MP2,MpヨandMP4)

inthefishesofOTyZlaSexamined.0.javanicus

andO･melastlgmahaveonlytheMP2band,while
0.latipesand0.luzonensishavebothMP2and
MP3bands.0.celebensishasbothMP4andMP2

andweaklyexpressedMP3bands(Sakaizumi,

1985b,1990).Expressionpatternsofparvalbu一

min§suggestthesameresultsasobtainedby

allozymicvariation(Sakaizumi,1985a,1990).

ThesegrouplngSCOincidewiththegroupingby

karyotype.

DNAsequencedataisveryusefulfわrinvestlga-
tionofthephylogeneticrelationships(Nei,1987).

Phylogeneticrelationshipsamongmembersof

Adrianichthyoidae,especiallyOり′ZlaSandXenO-
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Fig.4.Phylogenetictreebyneighbor-joiningongeneticdistanceamong12SribosomalRNAgenesequencesforfishesofAdrianichthyoidei･Bootstraptestwasperformed(I,000replications)･
Numbersateachbranchrepresentbootstrappercentages･ScalebarindicatesOl01unitoftreelength･SPmeansflShcollectedfromSingapore･JKmeansrlShfromJakartaandJPmeansfishfrom

Jeneponto,Sulawesi.CarpISusedforanOutergroup･
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poecilus,havebeenstudieduslngVariationinthe
mitochondrialcytochromeb(Naruseetal.,1993)

and12SribosomalRNAgenesequences.Fig.4

showsaphylogenetictreeof12Speciesofthe
Adrianichthyoidaeuslng12sribosomalRNAgene
sequencesbyneighborJoiningmethod(Saitouand
Nei,1987).Threecladesareobservedinfishes

examined,Correspondingtothegroupsidentified
bykaryologlCalanalysis.Asimilartreetopology
wasobtainedbyphylogeneticanalysisusing
cytochromebsequences･
ThephylogeneticpositionofXenopoecilusis

especiallyinterestlng.Resultsofphylogenetic
analysesindicatethatXenopoecilusisamemberof
thefusedchromosomegroupofOTyZlaS.Thereare
twoexplanationsforthis.Itispossiblethatthere
hasbeenintrogressionofOryzlaSmitochondria
intoXenopoecilus.ItisalsopossiblethatXeno-
poecilusisderivedfromOryzlaS.Weobserved
largemetacentricchromosomesinthemetaphase
platesinX.saracinorum.(seeFig.3).Ifthekaryl
otypesreflectthephylogeneticrelationshipofX.
Saracinorum asshowninthestudyofOTyZlaS
phylogeny,Xenopoecilusisnotasistergroupof
thegenusOlツZlaS.ThesequencesrelatedtoOLRl
lshortinterspersedelementsfromthe0.latipes
nucleargenome(Naruseetal.,1992)]werecon-

servedinthebi-armedchromosomegroup,andno
otherfishesofAdrianichthyoidaehaveOLR1-
related sequences(see Table1).Thisresult
supportsthemonophylyofthebi-amedchromo-
somegrouponnuclearDNA basis.Combined
analysesofnuclearmarkerslikeallozymesand

nuclearDNAsequencedata,aswellasmorpholo-
gy,willbenecessarytodeteminetheactualposi-
tionoffishesofXenopoecilus.
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