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lntroduction

ThesuborderAdrianichthyoideiconsistsof
threefamilies,Oryziidae,Adrianichthyidaeand
Horaichthyidae.FamilyOryziidaeiswidelydis-
tributedfromIndiatotheFarEast.Horaichthyidae
isfわundonthewestcoastofIndia.Adrianichthyi-
daeisfoundonlylnlakesPosoandLinduin
CentralSulawesi,Indonesia.Ricefishandtheir

relativeshavebeenreportedinSulawesibyWeber

anddeBeaufbrt(1922)andAurich(1935).They

reportedthreespeciesofthegenusO77Zias(0･
matanensis,0.marmoratusand0.celebensis)and

threespeciesofadrianichthyidsbelonglngtOthe

generaAdrianichthysandXenopoecilus(A.kutTti,
X.saracinorumandX.poptae).Recently,Kottelat
(1990a,b)foundthreenewspeciesofthericefish

(0.nigrimas,0.0rthognathusand0.profun-
dicola),andonespeciesofadrianichthyid,X.

oophorusinSulawesi.Altogether10outofthe19

speciesofthesuborderAdrianichthyoideiare

foundinSulawesi.ThesefishareveryImportant

forthestudyofphylogeneticrelationshipsand

SpeciesdifferentiationinthesuborderAdria-

nichthyoideithatisendemictoAsia.

ThegenusOJγZJα∫isdividedintothreegroups
(themonoarmed,thebiarmedandthefused

chromosomegroups)mainlyonthebasisofthe
cytogeneticdata(Uwa,1986).Thericefishin
Sulawesiaremembersofthefusedchromosome

group.Fieldsurveysinvestlgatlngtheexistenceof
adrianichthyidsinSulawesiwereca汀iedoutat

severallakesandriversalongtheTranceSulawesi

HighwayfromManadotot力ungPandangin199l
and1992.Wewereabletocollectliveandfixed

specimensandtheDNA ofsixspeciesofthe

genusOryzlaSandonespeciesofthegenus

Xenopoecilus.Inthispaper,wedescribethedistri-

butionofadrianichthyoidsinSulawesiandthe

phylogeneticrelationshipsamongthem.

MaterialsandMethods

Collectionofjish

Table1showsalistofsamples,scientificnames,
nearesttownsforsampling,habitatandsampling

Table1.Listofspecies,nearesttowns,habitatsandmethodsforsamplinginthefieldsurveys･

Species NearestTown Habitat SamplingMethod

0･nigrlmaS
X.oophorus
0.marmoratus
0.projTundicola
0.matanensis

0.celebensis

0.javanicus(?)

0･javanicus

Tentena(Poso)

Tentena(Poso)

Timampu(Towuti)

Timampu(Towuti)
Soroako(Matano)

Malino(Malino)

Enrekang(Buru)

Jeneponto(Tammanroya)

Tangerang,Jave

lake,shallowarea

lake,surfaceregion
lake,shallowarea

lake,pebblebottomarea
lake,shallowarea

riverandlake

riverandsaltfield

imgationcanal

smallscoopnet

lightfishing

smallscoopnet

SCOOPnet

smallscoopnet

smallscoopnet

smallscoopnet

smallscoopnet

Namesofriversandlakes什omwhichwecollectedthesamplesareshowninparenthesis.
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methodsinthefieldsurveys.Thesefishwiththe

except10nOfofX.oophorusaremaintainedat
ShinshuUniverslty,NiigataUniverslty,Universlty

ofTokyoandAichiUniversltyOfEducation.

DNAisolaTt'on

ThetotalDNAofeachfishwasisolateduslng

themethoddescribedbySchartl(1990).Briefly,
thetissuesofliver,gonadandmusclewere
homogenizedwithabout0.5mloflysisbuffer

【0.2M NaCl,0.5M EDTApH8.0+1drop/mlof
proteinaseKsolution(10mg/ml)]usingaplastic
pestle.DNAsamplescanbekeptformorethan
onemonthinthislysissolution.Inthelaboratory,
thesamplesweredilutedwithtwovolumesof
distilledwaterina1.5mlsamplingtube.DNA
wasextractedwithphenol-chloroform and
preclpltatedwithethanol.EachDNAsamplewas
dissolvedin10mMTris,1mMEDTApH8.0.

Ampltficatt'onofThemt'IOChondriacytochromeb
geneandseqLLenClng

AregionOfabout500bpfromthemitochond-
riacytochromebgenewasamplifiedbythepoly一
merasechainreaction(PCR)(Innisetal.,1990)in

program temperaturecontrolsystem PC-700
(Astec).Theamplificationofthemitochondria

cytochromebgenewasperformedinlOOトtlof50
mM KCl,10mM TrisHCl(pH9.0),0.1%Triton
X-100,2.5mM MgCl2,0.1mM eachofdNTPs,
10pmoleachofprimers,DNAtemplate(0.1-叫g)
and1unitTaqDNApolymerase(Promega).The
Cy-bFlprimer(5チ-aggcctgtggcttgaaaaacca-3'】and

theCy-bR2primer[5'-caatgaatttgagggggattttcagt-
3']wereusedf♭ramplification.Thetemperature
reglmenf♭r30or40cycleswas1minuteat950C
fordenaturation,1minuteat55oCor450Cfor

annealingandIminuteat700Cf♭relongation.
SequenclngOftheamplifiedproductswasper-

formedusingSequiThemlCyclesequenclngKit
(EpicentreTechnologies).TheCy-bR2primer,the

Cy-bIFprimerl5'-gtggcccatatctgccgaga13']and

theCy-bIRprimer[5'-tataagtatgagccgtagta-3'】

werealsousedfわrsequenclng.

ComparisonofTheseqLJenCeSandconstl'lJClt'Onof

aphylogenetictree

Multiplealignmentofsequenceswasdone

usingODEN,aprogram packageformolecular
evolutionaryanalystsanddatabasesearchofDNA

andaminoacidsequenceinstalledinanlgXp

UNIXsystem [DNAdatabankofJapan(DDBJ),
NationalInstituteofGenetics】(Ina,1991).MEGA

(MolecularEvolutionaryGeneticAnalysis
Version1)(KumareTal.,1993)wasusedforthe

constructionofaphylogenetictree.Thecyto-
ChromebsequenceofMicroputerussalmot'des
(Whitmoreetal.,1993)wasusedasanouter

grouptoconstructthephylogenetictree.

Resu一tsandDiscussion

DistributionofadrianichthyidsinSulawesi
Fig.1showsthecollectionsitesofadrianichth-

yidsinSulawesi.Noneofadrianichthyidswere
foundinNorthSulawesibuttheywerefoundin

CentralandSouthSulawesi.Fishofthegenus
O77ZlaSarecommoninditches,pondsandpaddy
fieldsinAsia.Bycontrast,fishofOryzlaSin
Sulawesiliveinlakesandeachspeciesisendemic
toonelakewiththeexceptionOf0.celebensis.
AdrianichThysandXenopoecilusarefoundonlyin
lakesinCentralSulawesi･Thesefindingssuggest
thatthespeciationoffishofthegenusO77ZtaSin
Sulawesiseemstooccurmainlyinlakes.

Fig.1.CollectionsitesoftheSuborderAdrianichthyoideiin
Sulawesi.1:X.saracinortLm,2:X.a()ph()rtLS,3:X.p()ptae.4:

A.L']･tLli.5:0.7ZlgrlmaS,6:0.01･lhognathtLS,7:0.matanensis.

8:0.marn701･atLtS,9:0.pl･Qf'tmdL'co/a,10:0.celebel1SIs.11:0.

javanictts(.I)).

Wefoundonespeciescloselyrelatedtobutnot

definitelyidentifiableas0.javant'cusfrom the

Tammanroyariversystem,closetoJeneponto(see

Fig.1).0.javanictLSiswidelydistributedoverthe

MalayslanPeninsula,Borneo,JavaandLombok
(WeberanddeBeaufort,1922;IwamatsueTal.,

1982).Ifthisspeciesistruly0.javafu'ctLS,this

willbethefirstrecordedfindingof0.javant'cusin
Sulawesi･WhitteneTa/.(1987)reportedthatno
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officiaHistshavebeencompiledbytheFisheries
Officeforthelast30yearsinSulawesi,and
suggestedthatA.kurytlandX.poptaemightbe
extinctorcriticallyendangeredinLakePoso.
Kottelat(1990a)alsoreportedthathecouldriot

findA.kufγtlandX.poptaeinLakePoso.Thus,
thesurveyofthesefishwasessentialnotonlyfor
thebasicstudyofthem,butalsofortheconserva-
tionoftheseendangeredspecies.Gillnetsofthree

differentmeshsizes,castnets,bottom traps,
angling,andlightfishingwereallusedforthecol-
lectionoffish.InspiteOfeveryeffort,thesefish,
especiallyA･kurytlandX.poptae,couldnotbe
found.WecotlldobserveonlyonespecimenofX.
poptaewhichwascollectedbyMr.Sigilipuin
1990.TheseresultsindicatethatA ku77tiandX.

poptaemaybeendangered.ThelimnologlCal
conditionsofLakePosowereasgoodasthe

oligotrophiclakesintropicalareasandthereisflo
anthropogenicpollution(Okinoetal.,1992).
Therefore,themostprobablethreattothesefishis
competitionbetweenendemicandintroducedfish.

PhylogeneticrelationshipofthegenusOryzias
andrelative

Fig.2ShowstheDNAsequenceofthecyto-
ChromebgeneinfishofOryzlaSaridXeno-
poeciius.Geneticdistancewascalctllatedbythe
TamuraandNei'smodel(TamuraandNei,1993).
AsshowninTable2,thedvaltleSWithinOfTZlaS
inSulawesi(0.0251).143)aresmallerthanthose

betweenOryzlaSinSulawesiandX.oophorus
(0.248-0.258)andthosebetween0latipesand
Oり,ZiasinSulawesi(0.2461).278).Geneticdis-
tancesarealmostthesamebetweenthegerluS
OfプZlaSinSulawesiand0.latipesandbetween
thegenusOryzlaSinSulawesiandX.oophorliS.
ThedvaluebetweenMicroputerussalmoides
(Outergroup)andtheotherspeciesexaminedare
0.256-0.281.Thisvalueissimilartotheavalue

withinadrianichthyids･Toclarifythephylogenetic
relationshipwithinadrianichthyids,itisrleCeSSary
toobtainthesequencedataofthemore
conservativemoleculesliketheribosomalRNA

gene.Theresultalsoindicatesthattherearevery

largegeneticdifferenceswithinthegenusOryztas･
Fig･3Showsthephylogenetictreededuced

fromcytochromebsequenceuslngtheneighbor-
joiningmethod(SaitouandNei.1987).Tree

topologyusingtheUPGMA method(datanot
shown)isthesameasthatobtainedfrom the

neighborっ01nlngmethod.BootstrapplngValuesof
eachbranchwithinthegenusOryzlaSinSulawesi
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Table2.GerleticdistancesamongspeciesofOrJ,ZlaSandXeliOPOeCilusinSulawesi,01･yzlaSlaplteS,and

MicropLitertiSSalmoides.

OTU 1 2 3 4 5 6 7 8

10.nigrlmaS

20.profundicoia
30.celebensis

40.matanensis

50.marmoratus

60.latipes

7X.oophorus
8M.salmoides

1

RU
5

2

8

7

1

00
5

5

つー
3

'上
0

00
2

7

0ノ
l
一･l
りん

1

2

2

2

0.0951 0.1429 0.0810

0.1270 0.0503

3

3

3

7

7

5

5
4

.
1

｣

1

1
つ
】
1

1

11
11
2

2

2

1
2

つん
0

7

1

3

(XU
5
8

ti
0

1
.
4

2

L

1
.
2

1

2

2

2

0.1288

9

5
占V
0

つー
5

0ノ
00

′0
0

0

1

2

2

2

0.1005 0.2585 0.2551 0.2718

0.0257 0.2659 0.2587 0.2706

0.1302 0.2789 0.2557 0.2562

0.0669 0.2467 0.2534 0.2673
0.2608 0.2486 0.2696

21.38 0.2452 0.2817

20.55 20.55 0.2667

22.01 22.64 21.80

Distances(upper-right)werecalculatedaccordingtotheTamuraandNeimodel(TamuraandNei,I993),Thevaluesforthepercent
di､′ergenceareshowninlower-1erl.OTUmeanstheoperationalta･unomicunit.

I0･profundlCOl0

- 0 marmorazus

0.maianensiS

0nlgrimas

0.ceiebensis

Xoophorus

M.saimoides

r 萱
_l 潮

Fig.3.PhylogenetictreeofthefishgeneraOryヱIaSand
Xenopoecilusasdeducedbytheneighbor-joirlingmethod.
Numbersateachbranchindicatethepercentageoftimesa
nodewassupponedin1000bootstrappseudoreplicationsby
neighborjoinirlg.Microputet'liSSalmoidesisusedforanouter
group.Ascalebarindicates0.01unitoftreelength･

arehigh.Theseresultsindicatethatthegenus

OryzlaSinSulawesiismonophyletic.Although
thetreetopologyobtainedbyisozymeanalysis

(Ilハaruseetal.,1992)isdifferentfromthatobtained

bycytochrornebsequerlClng,andisthesameas

thetreetopologyobtainedbykaryotyping(Uwa,
1992),allthesestudiessupportthemonophylyof

theOり7ZlaSspeciesinSulawesi.Judgingfromthe

phylogenetictreeconstructedbytheneighbor-

joiningmethod,0.7nari2言OratuS,0･profli7号dicoia

and0.matanensisarecloselyrelatedtoeach
other.Thisresultcoincideswiththeirdistribu-

tions.0.maZ･mOf･atuSand0.profundicolalivein

thesamelake(LakeTowuti),and0.matanensis
livesinLakeMatatlO.TtleSetwolakesareconnect-

edbyariver.0.marmoratusand0.profundicola
haveverysimilarnucleotidesequences(avalueis

0.02).0.profundicolahasbeendescribedby

Kottelatin1990.Healsosuggestedtheexistence

ofhybridsbetweenthetwospeciesinhispaper

(Kottelat,1990b).Itispossiblethat0.profli72di'-

colaisnotarealspecies,anddetailedexperi-

mentsincltldinghybridization,electrophoretic

analystsandcomparisonofgenomicgenesare

required.

Duetothecollaborationofmanyresearchers

distributedthroughoutSoutheastAsiaandtheFar

Eastover10-yearperiod,almostallfishbelonging

tothegenusOryzlaShavebeencollectedand

maintairledillSeverallaboratoriesinJapan.These

fishprovidenotonlygoodopportunltyfor

evolutionarystudybutalsoforstudyongenetics.
developmentbiologyandphysiology.
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