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ABSTRACT

ThesubfamilyAsclepiadoideae(Apocynaceae)comprisesapproximately2,000species,

andmainlyoccurstropicalandsubtropicalregionsthroughtheworld.lnJapan,35species

belongingtoninegenerahavebeenrecorded.Altholユghmanytaxonomicstudieshavebeen

conductedsofar,thestudiestreatingecologicalandphylogeneticalaspectsarequitefew.

Therefore,Ifirs走conductedtaxonomicre-examinationforIapaneseAsclepiadoideaebasedon

themorphologicalobservationofherbariumspecimensandlivingPlants.Furthermore

cytotaxonomicstudy,pollinatorobserva且ons,breedingsystemanalysisofanautogamous

species,andmolecUlarphylogeneticanalysisonVincetoxicumanditsalliedgenerawere

performed.Then,IdiscussedevolutionarytrendsandhistoriesforVincetoxicumandits

alliedgenera.

Fromtheresultoftaxonomicre-examinationforIapaneseAsclepiadoideaespecies

basedonthemorphologicalobservations,Iproposedtwonewcombinations,i.e.,Tllophora

matsumuアaeandVincetoxicumyonakuniense.anddescribedtwonewVincetoxicumspecies,i.e.,

Vin`etoxicumizuenseandV.hcyoense.

Somaticchromosomenu皿berswereexaminedfor28speciesandtwovarietiesofseven

generainAsclepiadoideaecollectedinJapan.Thechromosomenumbersof21speCiesand

twovarietieswerenewlyreportedhere.Alltaxaexarninedhadchromosomenumbersof2n

=22exceptfor2n=44in(Jynanchumcaudatumvar .caudatum,Vincetoxicumambiguum,▽F.

sublanceolatumvar.sublanceolatum,▽ 「,sublanceolatumvar.macranthu栩and2n=24for

Cynanchumboudinieri・Thisresultindicatesthatthepolyploidyisnotimportantfactorfor

diversificationinIapaneseAsclepiadoiedeae.

Pollinatorsfor28spedesbelongingtosevengeneraofAsclepiadoideaewereobserved

inthefield・Pollinationsystemsfoundin28speciesobservedarefollows:i)moth

pollination,ii)generalizedinsectpollina廿on,iii)wasppollination,iv)dipteranpollination,v)

dipteranandmothpollina且on,vi)autogamy.

Rep・ ・du・ 且ve・ha・a・tersqndgeneti・diver・iti・ ・wereinvesUgatedf・ ・anaut・gam・u・

1nsularendemicspeciesof乃 ノlophoramatsumuraeanditsprogenitorspeciesofτtanajヒae ,In

T.matsumurae,theanthersacswerenotdehscedevenatanthesis .Pollentubeswere

germinated加situinanthersacsandfertilizedovulesofthesameflower.Thesefacts

suggestahighlyautogamousnatureofT,matsumurae.Noisozymevariationswere

detectedinallsevenpopulationsτmatsumuraeexamined .Aphenogramconstructeduslng

theneighborうoiningmethodbasedonNei'sunbiasedgenetic(hstanceindicatedthattheτ

matsumuraeclusteredwithanOkinoerabuIslandpopulationofT .tanakae,Itwassuggested
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thatT.matsumuraehasbeenderivedfromthepredominatedself-pollinatingpopulationofT.

tanakaeincentralRyukyuIslands,suchasOkinoerabuIsland,andrapidlyenlargedits

distribu廿onarea.Thehighlyautogarnousnatureofτmatsumuraehasprobablyplayed

majorroleinitsquickexpansion・

Molecularphylogeneticanalysesofτ 伽`etoxicumanditsalliedgenerawereconducted

basedonthenucleotidesequencesofcpDNA(twointergenicspacersoftrnL(UAA)-fアnF

(GAA)and戸shA-'アnHandthreeintrons,i.eりatpF,伽G(UCC)and伽L(UAA)),andnrDNA

(rrSandETSregions).Fromtheresultofthephylogeneticanalysis,twomonophyletic

groupswererecognized;oneconsistedofseventaxaofTylophora,Vincetoxicuminamoenum,V.

ηzβ9π 醇cμ η1and▽F.macrOPhyllum(CladeI)andtheotherconsistedofseventeenaccessionsof

Vincetoxicum(CladeII).ThemonophylyofthegenusVincetoxicumwasnotsupPorted・

AlthoughmanynucleotidesubstitUtionswereobservedinCladeI,thegeneticdifferentiation

witlninCladeIIwassma11.Lowgenetic(五versi丘cationbutconsiderablemorphological

divergencesuggeststhatthespedesinCladeIIhadundergonerapiddiversification.

ThephylogeneticdistributionofpollinatortypesindicatedthatallspeciesinCladeI

werepollinatedbyDiptera,andthat,CladeIIwerepollinatedbythefourinsectsorders.

ThemostconspicuouspollinationmodesiftsfoundinCladeIIwasthechangingfrom

dipterantomothpollinators.Themostimportantcharactersharedbyfourmoth-pollinated

speciesisrelativelylongguiderail.Aswitchfromdipterantomothmayrequireordyslight

change.whichisgUideraillengthinVincetoxicumspecies.

ApossiblehypothesisfortheprocessofrapidradiationinCladeIIisasfollow.A

widelyspreadancestralspedespartitioneditsdistributionareasandadaptedtovarious

enviro㎜entssuchasedgesofforest,s㎜ymeadows,marshandrockybeach.Then,they

adaptedtolocaldominantpollinators,andeachpopUlationhasisolatedanddivergedfrom

otherpopulaUons.'
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CHAPTERI.GENERALINTRODUCTION

ThesubfamilyAsclepiadoideae(Apocynaceae)comprisesapproximetely2,000species,

andmainlyoccurstropicalandsubtropicalregionsthroughtheworld(Zomlefer,1994)・

ThemostofthespeciesofthesubfamilyaretWiningperennia!herbs,rarelytrees,shrubsand

succulents(Mabberley,1997).Ontheonehand,theflowersshowalltheusual且oralorgans

andtheirnumberisextremelystableamongthemembersofthesubfamily(fivesepals,five

petals,fivestamens,andtwocarpels)(Endress,1994)・Ontheotherhand,thissubfamily

hasbeendiscriminatedfromtheothersubfamiliesofApocynaceaebyfollowingthreeunique

floralcharacters(Fig.1).First,apollinariumconsistedofmassofpollengrainsand

translatorapparatus,whicharedevelopedfromstigmaticsecretionandatヒachesthe

pollinariumtopollinatormechanically.Second,agynostegiumconsistsofpostgenitally

fusionofthefivestamensandanapexofastyle.Third,coronacomposedoneormore

wholesofstructUreadnateto,orlocatedbetween,thecorollaandstamens.Theseelaborate

structuresofflowersofAsclepiadoideaeenablehighlyadaptationinanimalmediated

pollinationaswellasOrchidaceae(Endress,1994).Theinteractionsbetweencomplicated

且owersofasclepiadsanda盃malpollinatorshavefascinatedecologistsandthe㎞owledgeof

thepollinationmechanismsofasclepiadshasbeenadvancedthroughtheNorthAmerican

membersofthegenusAsclepias(reviewedbyWyattandBroyles,1994).

Forthelastdecade,theanatomy,mo】rphologyandphylogenyoftheAsclepiadoideae

arerapidlyadvanced(OllertonandLiede,1996,EndressandStevens,2001)・Inparticular,

recentmolecUlarphylogenetic'analysesrapidlyincreasethekrtowledgeofrelationshipsof

thegeneraintheAsclepiadeae(e.g.SermbladandBremer,1994,2000;Civeryerletal.,1998;

1.iede,2001;LiedeandTauber,2000;Liedeetal.,2002).

1nIapan,35speCiesbelongingtoninegeneraaresofarknowntobedistributedandall

ofthesegeneraarebelongingtothetribeAsclepiadeaeandMarsdenieae(Yamazaki1993).

Althoughmanytaxonomicstudieshavebeenconductedsofar(e.g.Ma)dmowicz,1877;

Matsumura,1898;Naki,1914,1937;Koidozumi,1932,1938;Ktagawa,1940,1959,0hwi1943;

1965;OhwiandOhashi.1973;Hatusima,1963,1977;Ohashi,1966,1990;Yamazaki1968,

1993),thestudiestrea廿ngecologicalandphylogeneticalaspectsarequitefew.

InchapterII,Iconductedtaxono加cre-examinationfor∫apaneseAsclepiadoideaeand

proposedtwonewcombinationsanddescribedtwDnewspecies.Cytotxonomicalstudyon

JapaneseAsdepiadoideaewascarriedoutinchapterIII.Inchapterr▽,IstUdiedpollination

biologyof28∫apaneseasclepiadspecies・InchapterV,Iexarninedecologicalandgenetic

aspectofanautogamosspedesinthissubfamilyasacasestudy.hchapterVI,Iperformed
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phylogeneticanalysisonVincetoxicumofwhichcenterofdiversitiesisintemperateAsiaand

itsalliedgenera.Then,IdiscusstheevolutionarytrendsfortheVincetoxicumanditsallied

generabyintegratingthedataofallchaptersinchapterVII.
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Fig.!.GeneralfloralmorphologyoftheAsclepiadeae(CynanchumliukiuenseWarb.).
A.wholeflower.B.gynostegium;corollaandcoronaareremoved.C.adaxialviewof

stamen.D.porinarium.Scalebar=2mmforA;1mmforB,C;O.6mmforD.
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CHAPTERII.TAXONOMICREVISIONONSOMEJAPANESE

ASCLEPIADOIDEAESPECIES

InJapant35asclepiadspeciesinninegeneraarerecorded,andallspeciesbelongtothe

tribeAsclepiadeae(threegenera)orMarsdenieae(sixgenera)(Yamazaki,1993).Recent

morphologicalandphylogeneticstudiesprovidenewaspectsfordelimitationonseveral

genera(EndressandBryans,2000;Swarupanandanetal.,1996;Liede,1996a;Liedeetall.

2002).

Forexarnple,thegenusVincetoxicumhavebeengroupedwiththecloselyrelatedgenus

Cynanchum(e.g.Hooker,1883;TsiangandLi,1977;Gilbertetal.,1995),althoughrecent

studiesonmorphology,chemicalconstitUentsandmolecularphylogenyrevealedthatthis

genusisnotm・onophyletic(Qiuetal.,1989;Liede,1996a♪Liedeetal.,2002),Basedonthese

evidences.Vincetoxicumisnowconsideredtobeanindependentgenus(e.g.LiedeetaL,

1996a;EndressandBruyns,2000).Moreovermolecularphylogeneticstudiesrevealedthat

VincetoxicumisrathercloselyrelatedtoτylophorathanCynanchum(LiedeetaL.2002).Thus,

taxonomictreatmentsofJapaneseVincetoxicumanditsalliedgeneraneedfurtherre-

examination.

FromtheresultofmorphologicalobservationsonmyownFAAfixedspecimen

collectionsandherbariumspecimensdepositedinKAG,KYO,MAK,OSA.RYU,SHO,TI,

TNS,andURO,Iproposetwonewcombinationsanddescribetwonewspecieshere.

Vincetoxicumyollakuniense(Hatus.)T.Yamashiro&Y.Tateishicomb.nov.

CynanchumyonakunienseHatus.inJ.Phytogeo.Tax.25:26(1977).Hatus.andAmano,Fl.

Ryukyus:114(1977),2nded.:176(1994).Shimabuku,Vasc.Fl.RyukyuIsls.:370(1990);rev.

ed.:430(1997).T.Yamaz.inK.Iwats,etal.(eds.).Fl.Jap.3a=175(1993).

Tylophorasp.Hatus.&KanaiinMem.Nat.Sci.Mus.Tokyo(7):118(1974).

Tylophorayonakuniensi5Hatus..FLRyukyus、rev.ed.890(1975)、nom.nud.(descr.Japon.)

Type:Isl.Yonakuni、Ryukyus,30Sept.1973,5.Hatsusima35657(RYUnonvidi,photocopy

inKAG!)

Aperennialtwiningherbupto2mlong.Rhizomeshortanderect.Rootsfascicled(Fig.

2A)・Stemsterete,1-2mmindiameter,sparselypubescentalonglor21ineswithshort

curvedhairsorglabrous.Leavesopposite,membranaceoustochartaceous♪petiole1-2.8cm

long,sparselypubescentwithshortcurvedhairsabove;bladeovate,2.5-8cmlong,1.5-5cm

wide,glabrousollbothsides,sometimessparselyciliatewithcurvedshorthairs,apexacute

toobtuseandshortlyapiculate,baseshallowlycordate,truncateorrounded.Inflorescence
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axillary,umbellate-cymose,1-5flowered;rachis6-19㎜long,glabrous.Pedicelslender8-16

mmlong,glabrous.Flower(Fig.2B&3)palegreenishyelloworsometimespalereddish

yellow.Calyxrotate,56Smmacross,deeply5-lobed;lobeslanceolate,2.2-3.2mmlong,ca」

㎜wide,glabrousorsparselypubescentonabaxialside.Corolla(Fig。3A)rotate,deeply

丘ve-10bed,18-25mmacross;lobeslanceolate,glabrousonbothsurfaces,7.541.5mrnlong,3-

3.5mmwide.Corona(Fig.3D)shorterthangynostegium,deeply丘ve-lobed;lobesfleshy,

deltoid-ovate,ca」.2rnmlong、1mmwide,adnatein2/31engthwiththeabaxialsideofthe

stamen,glabrous.Stamen(Fig.3E-G)ca.2rnmlong,0.7mmwide;antherwingsca.1.3mm

long;connectiveappendagesO.5mmlong,0.5mmwide,ovate.Pollinarium(Fig.3H):

corpusculabrownish,O.24mmlong;caudiculaO.1㎜long,Cylindrical;polliniaO.22㎜

long,0.18mmwide,subapicallyattachedtothecaudicles.Follicles(Fig.4A-D)lanceolatein

outline,5.5-7cmlong,0.94.4cmwide,glabrous.Seeds(Fig.4E-G)blackishbrown,black-

speckled,flat,ovate,6.5-8㎡long,4-5,2㎜wide,withcomaeca.25mmlong.

Distrihution.Ryukyus'YonaguniandUotsuri∬slands.Endemic.

Specimensexamined.Ryukyus:YonaguniIsl.nearTobaru(5.Hatusima35657,29Sep.-30ct

1973.KAG-Photocopyoftheholotypespecimen);atthefootofcalcareouscliffsouthofair

丘eld,alt.10m(5.Hatusimaetal.20ct.1973.TI&TNS)∫Mt.Kubura-dake(τ.Yamashiro8S.

しひ日iie4ヱ88,12Dec.1998.URO);Tabaru(T.Yamashiro(cdS.し 礎 θ4199,12Dec.1998.URO).

UotsuriIsl.(1(5痂107272,29May-7∫un.1979.URO).

Cynanchumyonaたuniensehasbeenknownasaperennialtwiningherbendemicto

YonaguniIslandintheRyukyuArchipelago(Fig.5).ThisspecieswasdescribedbyHatusima

(1977)basedonafloweringspecimen.Sincethen,ithasneverbeencollectedanditsfruits

andseedshaveneverbeenobserved(Yamazaki1993).Thisspeciesislistedonthenational

listofthreatenedplantsin∫apanas"criticallyendangered"toextinc廿on(Environment

AgenCyofJapar1,2000).

Recently,IrediscoveredC,yonakuniensefromYonaguniIsland,Moreover,Ifoundouta

specimenofthisspeciescollectedonUotsuriIsland,SenkakuIslandsintheRyukyu

Archipelago.

InYonaguniIsland,IfoundCyonakunienseattwolocalities:TabaruandMt,Kubura-

dake(Fig・5)・AtTabaru.onlythreeindividualswerefoundondampgrasslanddominatedby

Pennisetumpurpureumnearpaddies .AtMt.Kubura-dake,Ifoundl3individualsgrowingon

anedgeofanevergreenforestalongaroadataltitudes50-120m .Floweringandfru.iting

plantswerefoundonbothsites.

Inaddition,IfoundoutaspecimenofC.yonakuniense(K.5肋 ノ07272,URO)onUotsuri
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IslandfromthecollectionmadebyMr.Shinjo.The且owermorphologyofthespecimen

agreedwiththoseofC.yonakuniense.

Sofar,thisspecieshastaxonomicallybeenclassifiedinCynanchumL・Recentstudieson

morphologyandchemicalconstituentsofCynanchums.LbyQiuetal・(1989)andLiede

(1996)revealedthatthisgenusisnotmonophyletic.TheydividedCynanchums・1・totwo

genera,VincetoxicumWolfandCynanchums.s.Thus,transferenceofmanyJapanesespecies

ofCynanchumtoVincetoxicumwerecarriedout(e.9.Kitagawa1959;Ohashil990)・Yamazaki

(1993)treated,however,VincetoxicumasasectionofCynanchum,andincludedC

!ノonakunienseinthesectionVincetoxicum.

Vincetoxicumcharacterizedbyashortanderectrhizomebearingfibrousrootsand丘ve

lobedfleshycoronawithouttriangularappendage.Incontrast,Cynanchumhastuberousor

ascendingrhizomewithrootsnotfibrous(QiuetaLl989;Liede1996a)・Coronaof

Cynan`humistubularordeeplyfivelobed,andthelobesaremembranaceousorfleshy,andif

fleshy,theyhaveatriangularapPendageonadaxialside.

Cynanchumyonakuniensehasashortanderectrhizomewithfascicledroots(Fig2A).

Thecoronaofthisspeciesisdeeply丘velobed,andeachlobeis刊eshy,triangularlyovate

withoutapPendageonadaxialside,andisadnateat2/31engthwiththeabaxialsideofthe

stamen(Fig・3D-E)・IagreewithQiuetaL(1989>andLiede(1996a)inseparatingCynanchums・

s・andτ/incetoxicum,andthusItransferCyonakunienseto▽'incetoxicu〃z.

TylophoramatSumurae(Yamazaki)T.Yamashiro&Tateishi,comb.nov.

CvillosumMatsum.inBot.Mag.Tokyol2:39(1898)、nonRoem.&Schult.(1982).

τ.hi5戸idaDecne.var.tanakaeHatus.in∫.Geobot(Kanazawa)12:10(1963),proparteexcl.

syn.τ.tanakaeMaxim.

CmatsumuraeT.Yamaz.inJ.Jap.Bot.43:222(1968).

V.matsumurae(r.Yamaz.)H.Ohashiin∫Jap.Bot,65:277(1990).

Type:Ryukyus.OkinawaIsL,Onna-son(」.Matsumura,25Apr.1897,fi.inTI-Holotype).

Specimensexamined

l.Tylophoramatumurae(T.Yamaz.)T.Yamash.&Y、Tateishi

Kagoshima:AmamiIs1.,Kuzi-Yuwan(G.Koiazumi,4Mayl923,KYO);KakeromaIsl.,

Angyaba(Z.Tashiro,11Mar.1924,KYO);OkinoerabuIsl,(H.Ohba,1924,KYO);China-cho,

Taminazaki(T.Shimizu85・-449,6Apr.1985,fl.TI);Wadomari-cho.Wadomari(T.Yamashiro

406ヱ,6Aug.1996,fl.URO);YoronIsl.,Maehama(τYamashiro(}"A.Yamashiro7764.3Nov.

2001、fr.TUS).Okimwa:OkinawaIsL,Kunigami-son,Hedomisaki(T.Amano6653,25∫uL

1951,fr.RYU)(E.H.Walkeretal.s.n.,25Jul.1951,fLTI);Onna-sonU.・Matsumura,25Apr.
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1897,fl.TI-Holotype);Manzamo(T.Kana5hiro,23Nov.1937,fr.RYU)(F.Yamazakietal.,1

Apr.1968,fl.TI>(ATakushi,22Sep.1968,fr.TI)(τYamazaki,24Jun.1971,fr.TI)(Y.Miyagi

5721,Aug.1966,fr.RYU)(Y.Tateishi&T.Yamashiro45144、6∫un.1998,fl.URO);Katsuren-cho

(Y.Tashiro.May1887,fr.TI).

2.TylophoratanakaeMaxim・

Nagasaki:GotoIsls.ノFukueIsL(Z.Tashiros.n.,fl.KYO).Kumamoto=Amakusa-gun,

Hogashima(Tamiyamas.n.,20Aug.1931,fl.KYO&TI)∫AkuneohshmaIsL,(5.Hayashimatsu

s.n.,4Aug.1936.fL&fr.KYO).Miyazaki:ToimisakiCape(K.Nagais.n.、4Aug」964,乱

KYO).Kagoshima:Kushikino-shi.Nagasakibana(T.Yamashiro&A.Yamashiro7801,24Feb.

2002,fr,TUS);Yamagawa-cho,Nagasakibana(Z.Tashiros.n.27Aug.1924,乱KYO)(G.

Murata,M.TogashiEtH.Kanais.n.,231an.1965,fr.KYO);Kimotsuki-gun,Sata-cho,Isashiki

(G.Murata12872,9Aug.19S9,fl.KYO)∫Tajiri(τYamashiro(シAγamashiro7775,5Nov2001,

fr,TUS)声TanegashimaIsL(T.Makinos.n.、anno1938,fl.KYO).YakuIsL(Z.Tashiros.n.,Aug.

1919,fl.KYo);Kurio(1.Murataetal.15743,220ct,1983,丘.KYo,TI)(M・Tagawas・n・,31Aug・

1933,fi.KYo);Kamiyaku-cho,Isso(T.Yamashiro∂AYamashiro7818,28Jan・2002'fr・Tus)l

KuchinoshimaIsl.(5.Sako7243.18Dec.1968,fr.KYO.TI);TakaraIsl.(M,Hori790,29May

1953,fl.KYO);AmamiIsL,Yamato-son,Odana(Y.Tateishi8T.Yamashiro45592,2Aug.1998,

fl.URO);KikaiIsl.(K.Yamaguchis.n.,21May1919,fLKYO);TokunoshimaIsl.,Isen-cho,

Intabumisaki(K.Iwatsukietal.,395,26Aug.1975,乱KYO);enrouteIkematoMt.Inokawa-

dake(M.Kato∂E.Miki245,27Aug.1978,fl.KYO);OkierabuIsl.,China-cho.TaminaCape

(T.Yamashiro4052,5Aug」998,fl,&fr。URO);Wadomari-cho,HanzakiCape(T.Yamashiro

4033/4Aug.1998,fLURO).

Okinawa:IheyaIsl、(Y.Niiro3064,28Dec.1958,st.RYU);IeIsL,Waji(H.Ogawa717,4-5Dec.

1994,fr.URO);Okinawalsl.,Nago(Z.Tashiros.n.,16Jan.1924.fr.KYO);Onna-son、Maeda-

misakiCape(Y.Miyagi9078,18May1980,fLRYU);Manzamo(E.Takan伽e2382,4Jul.1974、

fl.&fr.RYU);Naha-shi(G.Koidzumis.n.,14May1923,fLKYO);Shuri(5.Hatusima34000,1

0ct.1972,fi,RYU);Naminoue(Y.Tairas.n.,16Mayl938,且.KYO);Ohnoyama(Y.

Muramatsu(シ1,Furusawas.n.,29Sep.1940,fLTI);Tsuli(T.Amanos.n,,20Sep.1951,fLKYO);

Itoman-shi,Gushikawajoshi(T.Yamashirg4003,2Nov.1997,fr.URO);TokashikiIsl.,Aharen

(Y,Miyagi9160,6Sep.1980,fl.RYU);AkaIsl.(T.Yamashiro(StAKuwataka4410,9May1999,

fl.URO);GerumaIsl.(Y,Miyagi7873,9-12Aug.1977,fl.RYUXG.lkeda4029,9Aug.1977,fi.

RYU);AguniIsL(5,Hatusima&Y.Miyagi38610,10-13Aug.1974,乱RYU)(K.Shinjo(}"Y.

τateishi12031,9May1998.fl.URO);TonakiIsL(τ.γamashiro1384,30ct」995・ 乱&fr・URO);

KumeIsl.(Y.N蜘644,24Nov.1957,fr,RYU);Nakazato-son,1-fubeach(T.Yamashiro7836,3

Feb.2002,fr.TUS);MiyakoIsL(S.Sakaguchis・n・,annol922,乱KYO)(5・Nakasones・n・Jun・
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1929,fr.KYO);Karimata(G.Koidozumis.n.,161un.1923,fl.KYO)(M,Furuse4613,20Nov.

1973,yfr.RYU);Hirara-shi,Nishizato(T,Amano5855,23Nov.1948,st.RYU)∫Gusukube-cho,

Tomori(S.Hatusimaetal.36967,4-9Dec.1973,fr.RYU);Higashihenna-zaki(5.Hatusimaetal.

38549,6-111ul.1974,fr.RYU);IrabuIsl.(5.Nakazones.n.,13Dec.1936,fr.KYO);Nagayama

(M.Furuse462ヱ,21Nov,1973,fl.RYU)lIkemaIsL(5.Hatusimaetal.3823,11Jul.1974,fL

RYU);OhgamiIsL(S.Hatusima3844,111uLl974、sしRYU);ShimojiIsl.(1.Kazvakamis.n.,17

Aug.1973,fLRYU);MinnaIsL(Y.Miyagi7128,27Sep.1975,fr.RYU);IshigakiIsL,

Hirakubozaki(5.Hatusima33339,6Aug.1972,fLRYU);Nosoko(N.Fukuoka&M.1亡oヱ32、2

Aug.1981,fl.KYO);YarabuPen.,Kannonzaki(M.Furuse666,7Aug.1972,fLbud,RYU);

Hirae(5.Tawadas,n.,11Aug.1933,fLKYO);Kabirabeach(N.Fukuoka∂M.Ito306,220ct.

1983,fl.KYO);NorthofKaΨahara(Y.Tateishietat.40277、16Sep.1994,fl.URO);Nakura(M.

Furuse537,31∫uL1972.fLRYU);Uganzaki(5.Hatusima33289、7Aug.1972、fLbud,RYU);

IriomoteIsl.,Funauki(5.Tawadas.n.,12Aug.1936/fLKYO);Funaura(M.Furuse3969,8Sep.

1973.fl.RYU);Shirahama(E.H.Walker{SrS.Tazvada6520,17Aug。1951,且.TI)(G.Murata&H.

Tabata674,9Aug.1974,fLKYO);Toyohara(5.Hatusima32910,25Jul.1972,fl.RYU);

TaketomiIsl.(M.Furuse1456,90ct.1972,fl.RYU);KuroshimaIsl.(M,Furuse932,27Aug.

1972,fl.RYU)(γ.Niiro&Y_Miyagi5975,4Nov.1974,fr.RYU);HatomaIsl.(K.Shimabuku

3553,Aug.1976,fl.RYU);AragusukuIsL(Y.Miyagi10442、4Aug.1974,flbud.RYU);

YonaguniIsL,Sanninodai(Hatusimaetal.35877,29Sep.-30ct.1973、 乱RYU);Mt.Urabu-

dake(T.Yamashiro(S"5.しljiie4202,12Dec.1998,fl&fr.URO);NorthslopeofMt.Kubura(τ

Yama5hiro∂S.し 醐84ヱ97,12Dec.1998,fl&fr.uRo);HaterumaIsl・(M・Furuse237・8Jul・ ・

1972,f1.bud.RYU)(Y.Miyagi6743.9-151ul.1975,fLbud.RYU);KitadaitoIsl.,(5.Hatusima

337ヱ4,40ct.1972,fLRYU)(K.Shinjo5078,12-21MaL1967.乱URO);MinamidaitoIsL(5,

Hatusi栩a33982,80ct.1972,且.RYU),

CynanchummatsumuraeT.Yamaz.isashorterectperennialherbgrowingingrasslands

onwindyheadlandsorexposedlimestonesnearseashore,andisendemictoAmami、

Kakeroma,Okinoerabu,Yoron,andOkinawaIslandsintheRyukyuArchipelago,∫apan(Fig.

6)(Yamazaki1968;T.Yamashirounpublisheddata).Thisspeciesislistedasendangeredin

theredlistofJapanesevascularplants(EnvironmentAgen〔yofJapan,2000)・

Cynan`hummatsumuraewasoriginallydescribedbyMatsumura(1898)asCynanchum

villosumonOkinawaIsland.Hatusima(1963)regarded,however,thisspeciesonlyasadwarf

ecotypeofTylophoratanakaeMaxim.,whichisdistributedfromKyushuIslandtotheRyukyu

Archipelago(Fig.6).Ontheotherhand,Yamazaki(1968)treatedthisspeciesasadistinct

speciesofCynanchumsectionVincetoxicumbasedonitssuspendedpollinia.Becauseofthe
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presenceoftheearlierhomonymofC.vi〃05um,hegaveitnewname,C.matsumuraeT.

Yamaz,Later,Ohashi(1990)raisedthissec廿ontoagenusandproposedseveral

combinationsunderthepromotedVincetox加 解,andaccordinglyC.matsumuraewas

combinedtoVincetoxicum.Ontheotherhand,Cynanchummatsumuraesometimesresembles

toT.tanakaeandhasoftenbeenmisidentifiedasit,

ThegenusレincetoxicumisdistinguishedfromTylophorabasedoncoronamorphology

andorientaUonofpollinia(LietaL,1995).WhilethecoronalobesofVincetoxicumare

insertedatthebaseofgynostegiumanditspolliniaarependulous,coronalobesofTylophora

areinsertedonthebacksofanthersanditspolliniaarehorizontaltoerect(Lietal・,1995)・

ThecoronasofC.matsumuraeareinsertedonthebacksofantherandseparateeach

・th・・(Fig・7A.d)・Ap・1豊ina即m・fC・ 脚f・umu・a・issimila・t・that・fτ 励 ・厩(Fig・8A'B)・

ThecorpusculumofC.matsumuraeistrapezoidandthecaudiclesareascendingandfiliform

(Fig.8A).Thepollinariumisplacedhorizontallyinanthersac.

BecausethemorphologicalcharactersofthecoronaandpollinariumofC.matsumurae

agreedwellwiththoseofTylophoプa,IproposenewcombinationunderTylophoraforthis

specles・

AlthoughC,matsumuraeismorphologicallysimilartoT.tanakae,therearesome

differencesinseveralcharacters(Table1).

VincetoXicumizuenseT.Yamashiro,sp.nov.(Figs.9A,B&10).

HaecspeciesV.1'aponicoetV.sublanceolCitoaffinis,sedapriorecaulibusvolubilibus,

laminisfoliorumsubtusdensepilosis,rachidibusinflorescentiarumbrevioribus,eta

posteriorelaminisfoliorumellipticis(inillolanceolatisvelangusti-triangularlibus)'folliculis

latioribusdiffert.

Type:JAPAN.ShizuokaPref.,Shimoda-shi,Mihogasaki、rockybeach,201uL2000(fL),T.

Yamashiro7435,(hQlotypeTUS;isotypeTI).

Aperennialtwiningherb.Rhizome'shortanderectwithrootsfascicled.Stemslender,

terete,0.7-1.5mmindiameter,O.5-1mlong,lowerpartdenselypubescentwithcurvedhairs、

upperpartpuberulentalongtwolines.Leavesopposite;bladeschartaceous,elliptic,oblong

orovate-oblong,2.4-5.1cmlong,1.1-3.1cmwide,apexacuteorroundedshortlyapiculate、

baserounded,marginandnervespubescentabove,denselypubescentbelow;petioles2-5.7

mmlong,groovedabove,denselycoveredwithcurvedhairsonbothsurfaces.Inflorescence

axillary、umbellate-cymose,4-5flowered;peduncle1.2-5.4mmlongorbecomingsessile

12



towardtheapicalpartofstem,denselycoveredwithcurvedhairs.Flowersdarkish-purple;

pedicelsslender,3.5-6mmlong,puberulent.Calyxrotate,deeplyslobed;lobeslanceolate

withacuteapex,2mmlong,1mmwide,puberulentoutside.Corollarotate,12mmacross.

deeply510bed;lobeslanceolate,5㎜long,1.9-2.2mmwide,retuseinapex,glabrouson

bothsurface.Corona1/2shorterthangynostegium,dark-purplish、deeply510bed;lobes

adnatetoabaxialsideoffilaments,triangularwithobtuseapex,ca.1rnmlong,1rnmwide,

fleshy.Stamen1.8mmlong;antherwingsca.O.5mmlong;connectiveappendage

membranaceous,depressedovate,0.3mmlong,O.7㎜wide.Pollinarium:corpusculum

narrowly-ellipsoid,0.2mmlong,0.06mmwide;caudicuIesO.12mmlong,filiform;pollinia

ellipsoid,O.28mmlong,0.15mmwide.FolliclesfUsiform,4.5cmlong,1cmwide,glabrous.

Seeds且at,ovat6,6.5-7.2㎜long,4mmwide、blackishbrown,black-speckled,withcomaca.

2cmlong.Chromosomenumbers2n=22(Fig.12A).

Nom・ ∫ap.:Izu-kamomezuru(nov・)

Vincetoxicumizuenseisaperennialherbgrowingontherockybeachandmarginof

thicl(etsneartheseaandendemjctothesouthoftheIzuPeninsula(Fig.13).Flower

morphologyofthespeciesquiteresemblestothoseofy.sublanceolatumdistributedfrom

TohokutoKinkidistrictsofJapart(Yamazaki,1993).Thisspecieshadbeenconsideredtobea

maritimeecotypeofV.sublanceolatum(BiologicalLaboratoryImperialHousehold,1980).

Frommyfieldandmorphologicalinvestigations,Ifoundecologicalandmorphological

differencesbetweenthesespecies.Vincetoxicumsublanceotatumpreferstogrowonwet

groundssuchaspaddy丘eld,marshorbanksofriverswhereasV.izuenseoccursonrocky

beach、Theleaf-bladesoftheformerarelanceolate,linear-lanceolateornarrowlytriangularin

shapesandmembranaceousintexture,thoseofthelatterareellipticandcharataceous.The

chromosomenumbersofV.sublanceolatu栩havebeenreportedas2n=44(inChapterIII),

whileIobserved2n=22forV.izuensecollectedinMihogasa1〈i,Shimoda-shi,Shizuoka

Prefecture(Fig.12A),indicatingthatV.izuenseisalsodistinguishedfromV.sublanceolatumat

ploidyleveL

Vincetoxicumizuen5ealsoresemblestoV.ノaponicumdistributedwidelyfromTohokuto

Kyushudistrict(Yamazaki,1993),initsellipticalleavesandhabitats.Bothspeciesinhabiton

rockybeachorinmeadowsneartheseaandsometimesco-occurred,butV.izuenseiseasily

distinguishedfromV.joponicumbyitstwininghabitandlowersurfaceofleavesclothed

denselywithcurvedhairs.

Otherspecimensexamined.IAPAN.Honshu.shizuokaPre£:shimoda-shi;suzaki,21JuL
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1974,1.」Murata31(KYo);Goyotei,Maruyama,21Jun.1979,H.Haras.n.(TI);EbisuIsl.,anno

1964,N.Tanakas.n.(KAG);Kakizaki,Nadegahara,4Aug.1982,T.Sato2066(TNS).Kamo-

gun,Minamiizu-cho,Nakagi-Sashida,221un.1958.H.Noguchi4539(KAG);Hagachi,13∫ul.

1957/N.Noguchi4539(KへG).

VincetoXicumhoyoenseT.Yamashiro,sp.nov.(Figs.9qD&11).

HaecspeciesV、/'aponicoetV.subtanceolatoaffinis,sedapriorecaulibusvolubilibus、

foliisetfloribusmajoribus;etaposterjorefolijsellipticis,ovatisveloblongis(inillo

lanceolatisvelanguste-triangularibus),folliculislatioribusdiffert.

丁卯 θ:JAPAN.OitaPref.:Minamjamabe-gun,Tsurumi-cho,Kajiyoseura,rockybeach、8Jun.

2000,T.Yamashiro`S"A.Yamashiro7447(holotypeTUS;isotypeKYO,TI,TNS).

Aperennialtwiningherbupto2mIong.Rhizomeshortanderect.Rootsfascicled.

Stemsterete,1-2.5mmindiameter,sparselypubescentalongoneortwolineswithshort

curvedhairs.whenyoung,laterglabrescent,many-branched.Leavesopposite.Leaveson

mainstem=bladechartaceous,elliptic,ovateoroblong,9-13.5cmlong,5-7.5cmwide,5-7

reddishnerved.pubescentonnervesofbothsurfaces.moreorlessdenselyonlowerone,

marginciliate,apexa(uminate,baseshallowlycordate;petiolegroovedonuppersurface.

0.8-2.2cmlong,pubescentwithshortcurvedhairsonbothsurfaces.Leavesonlateralshoots

are2-3timessmallerthanthoseofmainstems;bladechartaceous,narrowlyovateoroblong,

3-6cmlong,1.3-2.5cmwide,apexacuminateoracute,baseroundedortruncate,petiole5-8

rnmlong.lnflorescencea文illary,1-3peraxil,umbellate-cymose,8-20flowered,4-8fiowers

openattime;
.peduncle1.5-6cmlong,1-2branched,pubescentononeline.Pedicelslender

8、5-15mmlong,pubescentononesideordenselycoveredwithshorthairs,purplishor

greenish.Flowersdarkpurplishorrarelypalegreenishyellow.Calyxrotate、purplishor

greenish,deeply5-lobed;lobesnarrowlyovate,ca.2mmlong、1mmwide,apexacute,

.denselyclothedwithcurvedhairsonabaxialsurface.Corollarotate,deeplyfive-lobed,18-20

mmacross;lobeslanceolate、7-9.5mmlong,2.5-3mmwithretuseapex,glabrousonboth

surfaces・Corona1/2timesshorterthangynostegium,deeply丘ve-lobed;Iobesfleshy,

triangular,ca,1㎜10ng,1㎜wide,adnatetoabaxialsideofthestamen/glabrous.Stamen

2㎜long,0.7mmwide;antherwingsca.0.5mmlong;connectiveappendagesO.7mmlong,

0.7mmwide,broadlyovate.Pollinarium:corpusculanarrowlyellipsoidal,brownish,0.26

mmlong,0.ユ4mmwide;caudiculafiliform,O.2mmlong;polliniaellipsoidal,0.3mrnlong、

0.12㎜wide.subapicallyattachedtothecaudicles.FolliclesfUsiform,5.5-7cmlong,0.9-1.4
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cmwide,glabrous.Seedsblackishbrown,black-speckled,flat,ovate,7.5-8.6㎜long,4-5.7

mmwide,withcoma16.5-18.2mmlong.Chromosomenumbers2n=22(Fig.12B).

Nom.Jap.:Hoyo-kamomezuru(nov.)

Vincetoxicumhoyoenseisalargeperennialtwiningherbgrowingontherocksormargin

ofthicketsfacingtothesea.ThisspeciesisdistributedaroundtheBungochanneland

endemictosmallislandsandpeninsulasofEhime,OitaandMiyazakiPrefectures(Fig」3).

ThisspeciesresemblestoV㌃ ノaponicumf.puncticula亡umandmighthavebeen

misidentifiedasthelatter.VincetoscicumhoyoenseisdistinguishedfromV.joponicumby

havingtwiningstemsandlarger(over10cmlong)leafbladeswithshallowlycordatebase.

Whilec…lhl・be・ ・fV.h・y・ ・n・・a・e7-9.5mml・ngandlan・e・lat・in・h・p・,th・ ・e・fV.

1騨 ㈱re4-7mmlongandovateoroblonginshape.Althoughnowercharactersare

rathersimilartoV,sublanceolatumandV.izuensethan▽=ノaponicum,VF,hoyoen5ecanbeeasily

distinguishedbysizeandshapeofleavesfromV.sublanceolatumandV.izuense.Vincetoxicum

hoyoenseζlsoresemblestoV.izuensein且owermorphologyandleafshapes,howeveritis

easilydistinguishedfromthela廿erbyhavingthelargerleavesovateorellipticwith

shallowlycordatebaseandthelargecorollas.

Otherspecimensexamined.JAPAN、Shikoku.EhimePref.=Minamiuwa-gun,JYohen-cho、

AtegiIsL=14Jun.1923.MOgatas.n.(KYO);17∫u1.1942,5.Sugayas.n.(TUS);T.Yamashiro∂

AYamashiro7445(rUS)、Kyushu.OitaPref.=Minamiamabe-gun,Kamae-cho,MishimaIslり

24∫ul.1921,Z,Tashiros.n.(KYO);210ct.1984,M,Arakanes.n.(KAG);Tsurumi-cho,

TsururniCape,Z.Tashiros.n.(KYO);Tanga,7Nov.2001,τYamash加 ∂A.Yamashiア07798

σUS)絢iy・seura・3Aug・2000'τ γ卿5伽8A伽 ・伽7230σUS)'Oh・himaIsL・81un・

2001τYamashiro∂A.Yamashiro7450(TUS).-MiyazakiPre丘:Higashisuki-gun,Kitaura-cho,

Shimaura-jima,3Aug.1936,Y・Sameiimas・n・(KYO)・
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Table1.ThemorphologicaldifferencesbetweenT.matsumuraeandT.tanakae,

Characters T.mat5u初 祝アae T,tanakae

habit

stemlength(m)

leafbladeshape

leafbladelengthxwidth(cm)

petiolelength(mm)

inflorescence-rachis

length(mm)

corollalobeshape,

corollalobeslength

xwidth(mm)

hairsoffruit

frUitlength×width(mm)

seedlengthxwidth(mm)

erect

O.1-O.4

elliptic

1.4-4x1-3.4

13-29

absentorO.1-1

oblong

3.6x23

pubescent

35-48x4.8-6。4

3.5-4.8x1、6-2.5

creeping,twiningorerect

O.2-3

0blong,elliptic(atbaseofstems)

orovate(atlateralshoots)

3-8x2.5-5

4-18

4-18

lanceolate

4.1x2.3

pubescent・rglabr・us

40-60x65-10

5.2-8x3-4
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Fig.2.FloweringindividualofVinc8toxicumyonakunien5e.AStem,rhizomeand

roots.B.Flowers.Arrowindicatesrhizome.
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Fig.3、FlowerofVincetoxicumyonakuniense.A.wholeflower.B.adaxialViewofcalyxand

pistil;corolla,coronaandstamensareremoved.Cabaxialviewofcalyxlobe.D.coronaand

gynostegiumE.abaxialviewofstamenandcoronalo國be.F.abaxialviewofstamen;corona

lobeisremoved.G.adaxialviewofstarnen.H.pollinarium.Scalebarrepresents3mmforA-　
C.2mmforD-Gand400EmforH.
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Fig.4.Folliclesandseedsof▽incetoxicumyonakuniense.A .aba)dalviewoffollicle.

B.lateralviewoffollicle.C.adaxialviewoffollicle.D.basalviewoffollicle .E.

seedwithcoma.Edorsalviewofseed,comaisremoved.G.ventralviewofseed,

comaisremoved.ScalebarrepresentslcmforA-Eand2mmfor耳G.
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Fig・7.MorPhologyoftheflowersofT.matsumurae(A)andT.tanakae(B).

a.wholeflower.b.ada)dalsideofcalyx,pistil,corolla,coronaandstamensare

removed.caba)dalsideofcaryxlobe.d.gynostegiumandcorona,e.abaxialsideof

stamen.f.ada測sideofst㎜en(co=coronalobe).Barlindicateslmmfora-c
,

andbar2indicateslmmford-f.
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Fig.8.PollinariaofT.〃mtsu栩urae(A-B)andT.tanakae(C).

A.Corpusculumandcaudicleofτ ・matsumurae.B.Polliniumofτ

御 醜 微 耀 ・C・PollinariumofT・tanakae(cor=corpusculum/ca=

caudicle,po=pollinium).Bar=100μmInT,matsumurae,pollinarium

couldnotberemovedintactlyfromanthersac,becauseanthersac,

dosenotdehisceeveninopenedflower.
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Fig・10・FlowerofVincetoxicumizuense・A・wholeflower .B.bud.C.adaxialviewofcalyx

lobeD .abaxialviewofcalyxlobe.E.adaxialviewofstamen.Eabaxialviewofstamen .G.

coronaandgynostegium .H.pollinariumI.adaxialviewoffollicle.J.lateralviewof

follicle .K.dorsalviewofseed,comaisremoved.L.ventralviewofseed ,comaisremoved.

ScalebarrepresentslmmforA-D ,0.5㎜forG一 耳O.15mmforH,1.5cmforl,Jand2mm

forK ,LAIl丘guresweredrawnfromholotype(T.Yamashiro7435).
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Fig.11.FlowerofVincetoxicumhoyoense・A・wholeflower.B.bud.Cadaxialviewofcalyxl6be

D・a『baxialviewofcalyxlobe.Eadaxialviewofstamen.Eabaxialviewofstamen.G.corona

andgynostegiumH.pollinariumI.ada)Cialviewoffo11icle.J.lateralviewoffollicle.K.dorsal

viewofseed,comaisremoved.Lventralviewofseed,comaisremoved.Scalebarrepresents

1.5mmforA,B,1.25㎜forC,D,1mmforG耳0.15㎜forH,1.5cmforl,Jand2mmfor

K,LVbucherspecimens,A-H:holotype(T・YamashirocSrA,Yanmshiro7447).1-L=T.Yamashiro`S"

A,`Yamashiro7798.
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Fig.13.DistributionmapofVincetoxicumizuenseandV=hoyoense.Solidcirclesindicate
thedistributionofVizuenseandopenCirClesindicatethedistributionofV.hoyoense.
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CHAPTERIII.CHROMOSOMENUMBERSOFJAPANESEASCLEPIADOIDEAE

SPECIES

Althoughchromosomenurnbersofmorethan300speciesinsubfamily

Asclepiadoideae(Apocynaceae)havebeencountedsofar,mostofpreviouscytological

studiesfocusedonsucculentspeciesofthetribeStapelieae(Albers,1983).Excepting出e

面be,relativelylittleinformationaboutchromosomenurnberisavailableforthespeciesof

Asclepiadoideae(Albers,1983)・Accordingtopreviousreportsonchromosomecounts,x=

11isthemostfrequentlyobservedbasicchromosomenumberinAsclepiadoideaeandis

thereforeconsideredtobeanancestralcondi廿on(Albers,1983).Insomegenera,Arauji

Bort.,CynanchumL.,DaemiaR.Br.,HeterostemmaWight&Arn.,MicrolomaR.Br.,Sarcostemma

R,Br.,andVincetoxicumWolf,however,severalbasicchromosomenumberssuchasx=8,9,

10,11and12havebeenreportedforsomespedes(Alberseta1.,1993).

InIapaneseAsdepiadoideae,chromosomenuエnberswerecountedfor10spedes

(Yamazaki,1993).However,onlythreespecies,Cynanchumcaudatum(Miq.)Ma)dm.

(Nishikawa,1985),Hoyacarnosa(Lf.)R.Br.(Nakamura,1993),VincetoxicumiaponicumMorr.

&Decne.σimo,1956),havebeenstudiedforchromosomenumbersusingthemateria正s

collectedinJapan・

Themostwide-spreadanddistinctivecytogeneticprocesswhichhasaffectedthe

evolutionofhigherplantsispolyploidy(Stebbins,1971)・Thus,thecytologicalinformation

isoneofthemostessentialtoexaminephylogenyandspeciationinacertainfamily.Inthis

chapter,toprovideadditionalcytologicalinformationaboutJapaneseasclepiads,Ireport

herechromosomenumbersfor28spedesandtwovarietiesofsevengenerain

AsclepiadoideaecollectedinIapan・

MATERIALSANDMETHODS

Twenty-eightspedesandtwovarietiesbelongingtosevengenerawerecollectedfrom

atotalof5010calitiesinIapan(Table2)・Thecollectedplantswerecllltivatedinpotsinthe

greenhouseofUniversityoftheRyukyusortheexperimentalgardensofTohokuUniversity・

TaxonomictreatmentsofthespeciesexaminedfollowKitagawa(1959),Akasawa

(1981),Kigawa(1989),Ohashi(1990),Yamazaki(1993),Lietal,(1995),andEndressand

Bruyns(2000).VoucherspedmensaredepositedatTUSandURO.

Fortheobservationofsomaticchromosomes,roottipswerepretreatedina2mM8-

hydroxyquinolineaqueoussolu廿onfor3.5hoursatroomtemperature.Theroottipswere
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then丘xedwithamixtureof100%ethanolandaceticadd(3=1)for30minutesandpreserved

at5℃untiltheobservationsthatfollowedaftermacerationwithamixtureofINHCIand

45%aceticadd(2:1)at60。Cfor30secondsandwerestainingin2%aceto-orceinsolutionfor

anhour.Therneristematicpartsoftheroot-tipsweresquashedin2%aceto-orceinonslide

91assesandwere・b・ervedusingamicr・sc・peat1500magnifi・ati・n・Chr・m…me

numbersofatleastthreecellsforeachindividualwerecomtedatsomaticmetaphase・

RESULTSANDDISCUSSION

Thechromosomenumbersof28speciesandtwovarietiesobservedinthisstudyare

P・e・entedinTable2andFig・ ・14-17・Ofth・ ・etaxa'th・ ・}r・m…menumbe・ ・f21・pecie・

andthetwovarietieswerenewlycountedinthisstudy(Table2).

Allof30taxainves廿gatedinthisstUdyhadchromosomenumberof2n=22exceptfor

C卿 π伽 曲 乱伽 肌6v.&Va血 ・t(kn-24),C・ 磁 ・伽v…cauda伽(kn-22'44)'

Vf纏 ・加 脚mbiguumMaxim.(2n-44),V・ ・ublanc・ ・Z伽m(Miq・)Maxim・va・ ・sub伽 α・1伽 糎

(Miq.)Maxim.(2n-44),andV.・ublance・1・t・ ・m(Miq・)Maxim・var・macranthumMaxim・(2n一

44).Thechromosomenumbersof2n=22and24representdiploidofx=11andx=12,

respectively,while2n=・44representstetraploidofx=11.lnCynan`humcaudatumvar.

caudatum,tetraploidwasfoundonlyintheindividualcollectedonMt.Fuji,whilediploids

werefoundinothertwolocalities.Atthispoint,itis㎜certainthatthetetraploidsobserved

inthisstudya・eaut・t・ 仕apl・id・ ・all・te脚1・id・Gen・ 且cstudie・aidedwi出m・1・ ・ular

makersaredesirabletoanalyzetheoriginofthesetetraploidtaxa.

Chromosomecountsinthepresentstudyareconsistentwithpreviousreportsof2n=

22forC.`audatum(Nishikawa,1985),V.acuminatumDecne.(ProbatovaandSokolovskaya'

1983),V.傭 伽 柳(Bunge)Morr.etDeene.(Geetal.,1987;ProbatovaandSokolovskaya,

1990),ViaponicumUirmo,1956)andV.py`nostelmaKitagawa(Geetal.,1987).Bycontrast,

ourresultsdisagreedwithpreviousreportsforsometaxa.Wecountedthechromosome

numberof2n=22forM御18卿po伽(Thunb・)MakinofromfourlocalitiesinJapan'while

2n=24hasbeenreportedforthesamespedesfromRussiaandChina(Skolovskaya'1966∫

SkolovskayaandProbatova,1986;Geeta1・,1988)・Similarly'althoughchromosome

numbersof2n=16and2n=24havebeenreportedinτ!.amplexicau互 εSieb.etZucc。from

Korea(Lee,1970)andV.ノaponicumfromRussia(Gieszczykowna,1934)、respectively,we

observed2n=22forthesetwospeciesinIapan・IapanesepopUlationsofthesespeciesmay

becytologicallydifferentiatedfromthecontinentalone・Otherwise'itispossibletoexplain

theseclisagreementsofthechromosomenumbersbymisiden廿fica廿onofthematerialsor
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miscountingofchromosomenumbers.Furthercytologicalstudiesoncontinentalmaterials

areneeded.

ThechromosomenumberofCynanchumboudierゴwascountedtobe2n=24・Although

C.加 μ4∫副isalsodistributedinTaiwanandsouthChina,thechromosomenumberofthis

specieshasnotbeeninvestigatedintheseareas(Lietal・,1995)・InthegenusCynanchum'2n

二24hasbeenreportedfortwospecies,C5伽 γ加 初Willd.andC.viア επ5Dietr・(Rostovtse▽a,

1977;Albersetal.,1993),andallotherspecieshave220r44chromosomes・Thebasic

chromosomen㎜bersofx=12isalsofoundamongseveralgenerasuchasMe吻1備R.Br.,

Per8ulariaL.andHeteアostemma(Skolovskaya,1966;SkolovskayaandProbatova,1986;Geet

aL,1988二AlbersetaL,1993).Consideringthatthesegeneraaretaxonomicallydis廿nctfrom

eacho出erandtihatthebasicchromosomenumberofx=11maybeanancestralconditionin

Asclepiadoideae,evolu且onarychangesfromx=11tox=12seemtohaveoccurredrecurrendy

inthisfamily.Totestthishypothesis,phylogeneticstudiesusingmolecularinformationare

needed.
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Table2.Listoftaxa,10calities,voucherandchroniosomenumbersofJapanese

Asclepiadoideae

"indicatesnewcountforthespecies.

Taxa Localities 2n Voucher勲

Marsdenieae

Dischidia/ilrmosanaMa)(im・

Jasminanthesmucr'o履 ロ

(Blanco)W.D.Stevens&P.T.Li

ルfarsdeniatinctoriaR.Br。

var.tomentosaMasam.

M.tomentosaMorr.&Decne.

Asclepiadeae

CynanchumboudieriH・L6v・&Vaniot

C.caudatum(Miq・)Max㎞ ・

var.C躍udatum

var.伽zazvamontanumKigawa

C.liukiuenseWarb.

C.ωilfordii(Maxim、)HemsL

Metaplexis/aponica(Thur[b.)Maldno

、

Tylophoraaris'o'ochioidesMiq・

T・floribundaMiq.

エ ノ卿 ηたaMiq.

T,脚 醜 η研 躍8(Yamazaki>T.Yamashi

&Tateishi

T,tanakaeMaxim.

OkinawaPref.,UotsuriIsl.22★

(CultivatedinUniversityoftheRyukyus)

OkinawaPref.,Orma-son22t

ShizuokaPref.,FUkuroi22★

0㎞awaPref。,Chinen22★

0㎞awaPref・,Ogim.i-son

ShizuokaPref.,FUkuroi

KagoshimaPref.,AmamiIsL,Naon

ShizuokaPref.,Misakubo-cho

NaganoPref.,KarakemiMoor

YamanashiPref..N.E.footofMt。Fuji

KanagawaPref.,Yamakita

OkinawaPref.,IshigakiIsl.

S}tizuokaPref.,Mikkabi

HokkaidoPref.,Shiraoi

MiyagiPref.Sendai

FukushimaPref.,Sukagawa

ShizuokaPref.,Mikl(abi-Cho,

Nagan・Pref・,Hiy・shi

MiyagiPref.,Kakuda

Ai(ihiPref.,Shinshiro-shi

OkinawaPre丘,Nakijin

OkinawaPref.,Orma

0㎞awaPref.,Itoman

O㎞awaPref.,YonaguniIsl.
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★

★

★

★

寅

4

2

2
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2

2

2

2

2

2

2

2

2

2

4

2

2

2

2

2

2

2

★

★

★

★

ハ∠

h∠

∩∠

〔∠

n∠

凸∠

汽∠

ハ∠

凸∠

n∠

★

★

ら∠

6∠

几∠

q∠

YaT7593

Ta51172

Yal「&YaA7217

Yal「&Ta3328

YaT3793

YaT4182.

Ta&YaT45546

YaT3984

Ta&Ya:「55290

Ta45367

YaT7581

YaT4069

Y訂3830

Yos,n.

YaT7585

YaT7586

YaT4184

Ta,Y訂&HC55287

Ya〔r&YaA7580

YaT3937

Y訂3737

Ta&YaT45144

YaT4003

YaT4198



Vf"`etoxicumacu加natumDecne.

V・ambiguumMaxim・

V.a栩plex{印 麗1θSieb・&Zucc・

V.atratum(Bunge)Morr.&Decne.

V.austrokiusianum(Koidz.)Kitag.

V.`alcareum(Ohashi)Akasawa

V.iaponi`即Morr・&Decne.

1!,た躍foゴ(Ohwi)Kitag,

レ,macro戸hy〃umSieb・&Zucc

V.駕 πgη拶側 解(Naki)Kitag.

y.nipponicum(Matsum,)Kitag・

V.pycno5telmaKitag.

V.subl"nceolatum(Miq.)Maxim・

var.sublan`eolatu鍛

var.macranthumMaxim.

V.yamanakae(Ohwi&H.Ohashi)

H,Ohashi

Table2.continued

Gur[maPref.,Mts.Haruna

MiyazakiPref.,Sadowara

曜
MiyazaユdPref.,Takaoka

NagasakiPref・,FUkue

YamanashiPreL,N,E丘ootofMtFuli

KagoshimaPref.,Kaseda

KoChiPref.,Mt.Ishidate

AichiPref.,IragoCape

NagasakiPre£,Sanwa

HyogoPref..Mihara

ShizuokaPref.,Fukuroi

Aid㎞Pref.,Shinshiro

ChibaPref.,Tomisato-dlo

NagasakiPref.,Mts.Tara

Gunmapref.Niiharu

IwatePref.,Sumita

FukushimaPref.,Shirakawa

HyogoPref.Yashiro

Ak血iPrefりShinshiro

AichiPref,,Shinshiro-shi

ShizuokaPref.,Iwata

GunmaPref.,Haruna

Miya象Pref・,Mt・iZumigatake,

YamagataPref.,Mt.Gatussan

KodhiPref.Kagami

Ko(:hiPref.,TosashimiZu
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☆

★

★

☆

★

★

愛

★

★

★

★

★

★

★

☆

玄

★

晋

愛

2

4

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

4

4

4

4

4

2

2

2

2

4

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

4

4

4

4

4

2

2

Ya〔「&YaA7469

YaT&YaA7320

Ya『&YaA7234

YaT&YaA7454

Ta45370

Ta,0&YaT45499

Yal「&YaA7199

Y訂3853

Y訂&YaA7452

Y訂&YaA7434

Ya[r&じYaA718ユ

Y訂&YaA7421

YaT&YaA7417

YaT&YaA7457

M&HSs.n.

Tazs.n.

Ya[f&YaA7571

Ya〔r&YaA7458

YaT3911

YaT4183

Ya:「&YaA7436

YaT&YaA7577

Ya〔r&YaA7536

Y』 「&YaA7540

Ya『&YaA7189

Ya[r&YaA7198

★*:HqHokama
,C,HS∫Horie,S..M;Maki、M.,0;Ogawa.H.,Ta;Tateis}廿,Y.,Taz∫Tazawa,Y.,YaT;Yarnas}hro,

T.,YaA;Yarnashiro,A.,Yo;Yokoyama,∫,
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Fig.14.Microphotographsofsomaticchromosomesatmetaphaseof∫apanese
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CHAPTERIV.POLLINATIONBIOLOGYOFJAPANESEASCLEPIADOIDEAE

SPECIES

AlthoughAsclepiadoideaehaselaborateandcomplicatedflowers,foranimal

pollination,studiesonitspollinationhavebeenconductedonlyonrestrictedgroups・While

mostofthestUdiesortpollinationecologyhavebeenconcentratedtotheNorthAmerican

membersofthegenusAsclePias(reviewedbyWyatt&Broyles,1994)andSouthAfrican

stapeliad(MeveandLiede,1994),theothermembersofthesubfamilyremainpoorly

understood(OllertonandLiede,1996),

Nthough37speciesbelongingninegeneraareknowntooccurinJapan(Yamazakし

1993;ChapterII),tomy㎞owledge,nostudyhasbeenconductedfortheirpollinator,levels

ofspedalizationandbreedingsystem.Therefore,Iaddressthefollowingquestionsinthis

chapter.1)Aretheseasclepiadspeciesdifferedfortheirpollinator?2)Howecologically

spedalizedaretheseasclepiadsintheirpollinatorrequirements?3)Whatkindsoffloral

structuresaremechanicallycorrelatedwithpollinationmodes?

MATERIALSANDMETHODS

F～0ω{ガ 〃iorphologies,ne`加rvolun1esandsugaアcon`entアation5

Flowermaterialsof28spedesbelongingsevengenera,i.e.,twoCynanchumspecies,

Hoyacarnosa,Jasminatesmucronata,twoMarsdeniaspecies,Metaplexis1'aponica,fiveTylophoアa

spedes,andsixteenVincetoxicumspeCtes,forthemorphologicalobservationwerecollected

fromatotalof2810calities(Tab工e3).Taxonomictreatmentsofthespeciesexaminedwere

madeaccordingtoLietaL(1994),Kitagawa(1959),Akasawa(1981),Ohashi(1990),

Yamazaki(1993),andChapterIIofthisthesis・Observationsandmeasurementsofflower

characterswereconductedfortheFAA(formalin,aceticaCidand70%e出anolaremixed,5:5:

90involume,respectively)fixedmate副s.Nectarvolumesofeachspeciesweremeasured

usingMICRCAPSmicrocapillarrytUbes(DrummondSCtenti丘cCo.,USA)inthefieldsand

cUltivatedplantsontheexperimentalgardenofTohokuUniversity.Sugarconcentrationfor

eachspecieswasmeasuredbyportablesugarrefractometer(KIKUCHICo・Japan)・

Pollinatorobs{rrvation

Pollinatorobservationsweredoneon28speciesatatotalof38popUlations(Table3).

Theobservationswereconductedforbothofdiurnalandnocturnalinsectvisitors.
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Observationdurationateachpopula廿onislistedinTable3.

Duringtheobservation,insectVisitorswerecaptUredwithanetandwerecheckedfor

whetherthepollinariumisattachedornot.Theinsectvisitorswithpollinariumwere

recognizedaspollinators・Thepositionofattachedpollinariumontheinsectbodieswas

investigatedandthenumberofpollinariumwascountedunderadissectingmicroscope.

RESULTS

FJoω θアmorphologiesρ ゾ5加dyspecie5

Themorphological,phenological,andnectarcharactersin28speciesweresummarized

inTable4.The28speciesrepresentsevengenerabelongingtotwot■ibesoftheasclepiads,

theMarsder廿eae(Hoya,JasminathesandMarsdenia)andtheAsclepiadeae(Cynan`hum,

Metaplexis,TylophoraandVincetoxicum).Thesespeciesconsiderablyvariedintheirnower

size,color,andothernoraltraitssuchasrnorphologyンscentandnectarcharacteristics・

Marsdenieae

TheflowermorphologiesofthreegeneraofMarsdenieaearequitedifferentfromeach

other.InHoyacarnosa,manywhiterotateflowersclusteredandformedroundshape

inflorescence(Fig.19A).Jasminathesmucronatabears2-4w}廿tishandrelativelylarge

salverformflowersontheaxial(Fig.19B).Marsdenintinctorinalsohasroundin且orescence,

al出ougheach且owerissmallandurceolate(Fig.19E).Marsdeniatomentosahasyellowish

whitecampanulatecorollaapPro>drnately5mminIength.

A5c18御deae

MostofthespeciesbelongingtoAsclepiadeaehaverotatecorollaanditslobesare

re且exorpatentatanthesis,althoughCwilf()rdiihaveclosedcorollalobesandMetaplexis

坤o眈 躍havehalfopenedcorollalobes(Fig.19G).Theflowersofmostofallspedes

observedopenedbothdaytimesandr直ght.Whereas,theflowersofthreespecies,i.e.,

Tylophoアalloribunda,Vincetoxicumambiguumandlろpycnostelma.openedduringr亘ghtand

cloudydays(Table4).AcoronaofCynanchumandMetaptexisjuponicaisdifferentfrom

thoseofVincetoxicumandTllophora.TwoCynanchu栩speciesandMetaplexis仰onicahave

rnenbranaceouscorona.Incontrastプ レzincetoxicumandTylophorahave丘ve且eshystarninal

coronalobescompletelyseparatedformorpartlyco㎜ectedbymuchthinnerinterstaminal

parts.
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Thecoronasof21taxaofVゴncetoxicumandTylophoracanbeclassifiedintothreetypes

basedontheinterstaminalparts.Thefirstisthattheinterstaminalpartswerecompletely

absentandconsistedofordystamainalcoronalobes(Fig.18A)・Thistypeofcoronawas

observedforfivespedesof1ン10助oアaandVin`etoxicumpy`nostelama.Thesecondisthatthe

interstaminalpartswerepresentbutshortandlackatube-likestructure(Fig.18B).This

typeofcoronaisobservedforT・ ノaPonicaandfivespeciesofVincetoxicum・Thethirdisthat

theinterstaminalpartsdevelopedandconsistedofacup-shape(Fig.18C)・Thistypeof

coronawasobservedforremainingspeCiesofVin`etox加m.

Pollinatorobservations

TheflowervisitorsobservedforeachspeciesarelistedinTable5.Theaverage

numberofthespeciesoffiowervisitorperplantspeCieswas7.8spedes,a1止oughthe

maloritiesofthesevisitorswereuncommonandusuallydidnotpickuppollinaria(Table5).

Marsdeniec～e

ThreegenerabelongingtoMarsdenieaewerepollinatedbyHymenopteraand

Lepidoptera.TheflowersofHoyacaアnosaemittedstrongscentatnightandwerepollinated

byaganaidandnoctuidmoths(Fig.19A).TheflowersofJasminathesmucronatawereVisited

bybothofdiumalandnoctumalinsects(Fig.19B).Thetwooffourbumblebee(Bombus

aアdensaア ゴεη5andB.diversusdiversus)individualscarriedpollinariaontheirglossa(Fig.19C).

Sypnoideshercules(Noctidiae)wasmostfrequentlyobservedandcarriedpollonariumof∬.

mucronataonitsmouthpart(Fig.19C,D).TwoMarsdenitispecieswerevisitedbyscolid

wasps,vespidwaspsandanthophoridbeeindaytime.

Asclepiadeae

FourgenerabelongingtoAsdepiadeaewerepollinatedbyfourinsectorders,i.e.

Coleoptera,Diptera,HymenopteraandLepidoptera・FlowersoftwoCynanchumspeCies

werevisitedbythreeinsectorders,i.e.,Coleoptera,DipteraandHymenoptera,indaytime.

TheflowersofC・`audatu〃iweremainlyVisitedbyapoidbeesandvespidwasps,whereas,C

wilfordiiarevisitedbywaspbelongingtoScolidaeandVespidae.Thepollinariaof

Me加 麟 仰o加werecarriedbybothdiurnalandnoctUrnalinsectsbelongingtofour

orders,i.e.,Coleoptera,Diptera,Hymenoptera,andLepidoptera(Fig.19G).

FourTylophoraspeCteswereVisitedbysmallinsectsbelongingtoDipteraandmostof

theseinsectswerebelongingtothefamilyCecidom)tiidaeandSCtaridae(Fig20B,D).All
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pollinariumwereattachedtoamaxillarypalpoftheinsects.Noinsectvisitorwasobserved

fortheflowersofT,matsumurae.

TheflowersoffifteenVincetoxic珊1spedeswerevisitedbyinsectsbelongingtofour

orders,althoughdipteranandIepidopteranpollinationweredominatedinthisgenus.The

pollinariaoftheeightVincetoxicumspeCteswerecarriedonlybyDiptera,andthese・risitors

weredifferedatfamilylevel(Table5).Espedally,Sciaridaespedeswereobservedcarrying

pollinariaofV・ ノcijワonicum,V・katoiand▽ 『・sublanceola加LMvar・sublanceolatum(Fig・20E,F)・

MothpollinationwasobservedinfourVincetoxicumspecies,i.e.Vincetoxicumambiguum,V,

amplexicaule,V,austrokr'us加aumandV.yonakuniense(Fig20G,H).PollinariaofV.

pycnostelmawerecarriedbyTipUlidaespeCiesandmoths.FlowerofV.acuminatumarethe

largestflowerin15Vincetox蜘 加spedesandvisitedbyfourinsectorders,i。e.,Coleoptera,

Diptera,HymenopteraandLepidoptera,indaytime.

DISCUSSION

Pollinations!ノstemqプthelapanese躍5`lejリiads

Fromtheresultsoftheobservations,28asclepiadspedeswerepollinatedbyinsect

belongingtofourorders.AlthoughMetaplexis/aponicaandVゴncetoxicr捌ac瑚linatumwere

pollinatedbyinsectsbelongingthreeorfourorders,mostofotherspedeswerepollinatedby

oneortWoinsectorders.Amongtheexamined28species,Ifoundfollowingpollination

systems・i)mothpollination:Hoya`arnosa,∫asn伽athesmucronata,Vincetoxicumambiguum,

▽'in`etoxicumaustアokiusifi!numandV加`etoxicumyonakuniense,ii)generalizedinsectpollination,

Cynanc加 班`audatum,Metaplexis/aPoni`aandVin`etoxicumacun伽at助z,iii)waspPollination:

Cynan`humwilfordizl,andtwFo2>Iaアsdeniaspedes,iv)dipteranpollination:threeTylophoアa

spedes,レ 「incetoxicumatア 躍加 η1,V・inamoenum,V・iuponi`㍑ 班,V・katoi,V・nipponicumandy・

sublanceolatum,v)dipteranandlepidopteranpollina且on:V加`etoxicumpycnostelma・

Furthermore,pollina廿ondoesnotrequirepollinatorsfound・AutogamyViainsitupollen

tUbegerminationinanthersac(Kunze1991)wasobsevedonTylophoramatsumurae.This

willbeexaminedinmoredetailinthenextchapter.

Mothpollina廿onoftwoMarsder亘eaespecies,i.e.,HoyacarnosaandJasminathes

mucronata,hasbeenexpectedformitsfloralmorphologyandscents(M副eandAltenburger,

1988;011ertonandLiede,1997).Thisexpectationwassupportedbymyobservation,

al出oughJasminathes剛cronatawerealsopollinatedbybumblebeesindaゆe.

AlthoughflyandmothpollinationwerethoughttobepredominantinMarsdenia

41



(OllertonandLiede1997),tWoMaアsdeniaspeciesinJapanwerepollinatedbyscolidand

vespidwasps.Wasppollinationisoneofthemostfrequentlyobservedpollinationmodes

inAsclepiadeae(OllertonandILiede,1997)andhasbeendocLmentedforthenumberof

NorthAmericanAsd叩 加sspedes(e.g.Robertson1895)asgeneralizedpollinationsystems.

Cynanchumwilfordiiwasalsopollinatedbyeumenid,scolid,andvespidwasps.The

sizeandstructureoftheflowerofCynanchumzvilfordiゴissimilartothoseofCynanchum

caudatum.However,thefo㎜erhasclosedcorollaandpollinatedbywaspandthela廿erhas

patentorrenexcorollalobesandpollinatedbygeneralizedinsects・Floraltraitssharedby

wasps-pollinatedthreespedes,i.e・,Cynan`humwilfordii'MarsdenintinctcriaandM・tomen施sa

arewhitishyellowcorolla,cupshape,campanUlateorurceolatecorollawithnarrowopening.

Itseemsthatthesefloraltraitsmighthaveconvergendyevolvedthroughspecializationfor

waspPollination・

InthetribeAsclepiadeae,HymenopteraandLepidopteraarethoughttobe

predominantpollinators.However,fliesareobservedasimportantpollinatorforsome

groupsofthetribe(OllertonandLiede,1996).TheflowersofTylophcraandVincetoxicum

arecharacterizedbypatentcorollalobesandhavebeenconsideredflypollination(Ollerton

andLiede,1996).ThepollinariaoffourTylophoraspedes,i.eりT,ブaponica,T.aristolo`hioides,

Tl/loribundaandτtanakaeandthree▽=ゴ π`etoxicumspecies,Le.,V㌦ ノtilワonicum,V㌦ka如 ゴ,andV.

sublanceolatumvar.sublanceolatumwerecarriedbysmalldipteraninsectsbelongingtothe

familiesCecidomyiidaeorSdaridae(Table5).Thesetwodipteranfamiliesare㎞ownto

serveaspollinatorsofAristolochiaceae,Araceae,andOrchidaceaewhichdeceitinsectsby

fungusgnatflowers(Endress1994).AlthoughflowersofTyloph(凋 ブapon加,Vincetoxicum

ノ叩oπ 加 御,V.katoi,andV.sublanceolatumvar.5㍑ わ伽6εoZ躍 伽 用secretedapproximatelyO.5-0.7μl

ofnectars,theflowersoftheotherthreespedes,i・e・,T・aristolochioides,T・floribundaandT・

tanakae,lackvisiblenectars(Table4).Thus,itispossiblethat1∴aアistolochioides,T.プloribunda,

andτtanakOedeceptivelyattractedthesesmallinse(tsbyodor・Furtherinvestigaゼonfor

volatilechemicalcomponentanalysesofflowerodorareneededforthesespedes・

MothpollinationhasneverbeenrecordedforVincetoxicu而nthecompileddataof

asdepiadspollinatorsbyOllertonandI」ede(1996)・However'Iobservedmothsspeciesas

thevisitorofsevenVincetoxicumspedes,i.eりV加`etoxi`umambiguum,V.amplexicaule,V,

a鵬 〃oた 毎5加 η配η1,V.nipponicum,V,pycnostelma,～ ろsublan`eola'麗 初 御 ア・sublanceolatumandV・

yonakuniense.AlthoughV訪`etoxicumambiguum,V.austγokiusianumand1ろyonakuniense

scentedatnightandexclusivelyVisitedbymoth'V・py`nostelma'V・sublan`eola'麗 η1var・

sub伽ceolatumandV.nim70nicumwerevisitedbynotonlymothbutalsoDipterasuchas

Culicidae,SdaridaeandTipulidae(Table5).Theseresultssuggestedthatpollinatormode
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transitionfromDipteratoLepidopteramaybeoccurringinthisgenus.Toexaminethis

hypothesis,combiningphylogeneticanalysiswithfieldsurveysofpollinationsystemsis

needed.Forfurthercliscussion,theresultofcombinedphylogeneticandpollinationsystem

willbeconductedintheChapterVL

F互ora互traitscorre互atedpollinatorsystemsinVincetoxi`um

Theflowersof16VincetoxicumspeCieshaverotatecorollaandrathersimplecorona

structurethanthoseofothergerしeraofAsclepiadoideae.However,thesespedeswere

pollinatedbycombinationoftwodistinctinsectorders.HereIdiscussfunctionalaspectsof

detailedfloralmorphologyinthisgenus.

Intheflowermorphologiesof16▽=incetoxicumspectesexamined,Ifoundthree

importantorgansforadaptingvariouspollinators.Thefirstisrelativelylonggtdderails

andthesearesharedwitheightspedes.GUiderailsplayacruCialroleintrappingthelegs

orprobosdsofinsectandinguidingthesebodypartstoextractpollinarium(Fig.18)(Liede

1996b).Iftheinsectistoosmalltoremovethepollinarium,itwillbestuckintheguiderails

anddies(Liede1996b).Thus,thisorganalsoplaysanimportantroletoexclude

u血mportantpollinators.RelativelylonggUiderails,rangingfromO.66toO.90mminlength

ofstamen,wereobservedforV.atratum,V.austrokiusianu栩,V.pycnostelmaandV.

yonakuniense,andmanysmallinsectsarecapturedanddiedthere.Thepollinariumofthese

fourVincetoxicumspecieswerecarriedbyLepidopteraorrelativelylargeDipterasuchas

CalliphoridfliesorMlユscidflies(Table5).

Furthermore,relative1ylargegynostegiumalsoappearstobeeffectiveforpreventing

smallinsects.The且owermorphologyofV.katoiisverysimilartothatofV.yamanakae.

HoweverV.kOtoihaverathersmaIIergynostegiumandpollinariumthanV・yamanakaedoes.

AlthoughthepollinariumoftheformerwerecarriedbythesmallmosqUitoesbelongingto

Sciaridae,theinsectcouldnottakeoutthepollinariumfromthe且owerofthelatterandwere

captured.Thus,sizeofflowerisalsoimportanttoexcludetheinadequatepollinators、

Thecoronafmctionstheopticala比ractantforpollinatorsandnectarreservoir(Endress,

1994).Thecomplicatecanalsystemconstructedcoronalobesandgynostegiumhelpingto

leadinsectbodiestoguiderail(Endress,1994)・Inthe16spedesexarnined.Ifou皿dthree

typesincoronastructuresbasedontheinterstaminalpart(Fig.18).Theinterstarninalparts

ofcoronaonelevenVincetoxicumspeciesarewelldevelopedandhavevariousshapes.

Interstaminalpartsofcoronaaidtoconstructcanalsystembetweentwocoronalobeswhich

developbacksofthestamens.Awell-developedinterstaminalpartconcealsstigmatic
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chambersandlimitstheinsectaccessiontonectaronlyfromupperdirectionoftheflower.

Thus,welldevelopedinterstaminalpartsofcoronarestrictonlylong-tonguedinsectsas

adequatepollinators・

Ifoundbowlshapecorollaswhichenclosed2/3-1/3partofgynostegiumandwere

ratherdeepnectarreservoir・ThisstructureisobservedinsixVincetoxicumspecies.The

abovementionedthreecharactersseemtosiftpollinatorofsixteenVincetoxicumspeciesfrom

dipteriantolongtonguedinsects.
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Table3. Listoflocalitiesofpopulationandnumberofhoursobservedpollinator

Taxa Hoursobserved LocalityofpopUlation

Day Night

Marsder旺eae

Hoyacarnosa(Lfil.)R.Br.

∬asminanthesmucronata(Blanco)

W.D.Stevens&P.T.Li

MarsdeniatinctoriaR.Br.

var.tomentosaMasam.

MarsdeniatomentosaMorr.&Decne.

Asclepiadeae

Metaplexisiaponica(Thunh)Makoino

Cynan`hum`auda励1(Miq.)Max廿n

Cynan`humzvilfoアdiゴ(Ma)dm)Hemsl.

T1/lophora己 τrご5如'o`hゴoides1>【iq・

T.floribundaMiq.

τ・ノ卿nたaMiq,

T.matsumurae(T.Yamaz.)

T.Yamash,&Tateishi

ヱ「,tanakaeMaxir皿.

Vin`etoxicu川a`uminatumDecne.

V「・ambi8uumMax㎞.

V・a栩plexicauteSieb・&Zucc・

V.atratum(Bunge)Morr.&Decne.

V.austroke'usianum(Koidz.)Kitag.

y,`a～`areum(H.Ohashi)Akasawa

V.inflmoeanumMaixm.

y・ ノ卿nicumMorr.&Decne.
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4

3

3

5

5

4

2

3

3

2

0

2

2

β

」

5

2

2

3

2

2

2

2

1

2

0

0

3

21

4
占

0

1

5

FD

2

1

α

2

0

工

2

1

"

0

肪

0

2

05

0

0

2

0

0

0

0㎞awaPref.,Urasoe

ShizuokaPref.,Mt.Ogasa

OknawaPref.,Itoman

ShizuokaPref.Mt,Ogasa

MyagiPrefワShibata

MiyagiPref.Mt.Tokura

MiyagiPref.Ogatsu

MiyagiPref.Mt.Taihaku-san

Ai(ihiPref.,Mt.Horaili-san

AichiPref.,Mt.Ki(亜sho-yama

O㎞awaPref.、Aha

O㎞awaPref.,0㎜a

0㎞awaPref.,Onma

O㎞awaPref.,Itoman

GunmaPref.Mt.Akagi-san

ShigaPref.,Mt」buki-yama

MiyazakiPref.Sadowara

KagoshimaPref.,SumiyoshiPond

IwatePref..Tanesashicoast

NagasakiPref.,Hirado-shi

MiyazakiPref.,ToimisaldCape

KoChiPrefッMt.Ishidate-yama

HokkaidoPref.,Bihoro

MiyagiPref.,Onagawa
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V.katoi(Ohwi)Kitag,

V・macrophyl'umSieb.&Zucc.

V.配 ㎎ η昴 α η!(Nak)Kitag.

レ ・nip戸oni`嫌(Matsum・)Kitag.

y・Pン ごnoste∬ 〃u～Kitag.

レ・sublanceolatum(Miq・)Max㎞.

var.macranthumMax血 皿.

V・sublan`eolatum(Miq・)Max㎞.

var.5闘bla菰ceolatum

V.yamanakae(Ohwi&H.Ohashi)

H.Ohashi

V.yonakunim1se(Hats.)T.Yamash.

&Y.Tateishi

Table3,continued

20

11.5

30.5

20

3

自」

3

1

2

3

'
5穐」

-

?

昌

O.5

ハ∠

【∠

「∠

4

凸∠

0.5

」凸∠

-
二

〇

0.75
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Miyagipref・,Mt・Sasakura-yama

FUkushimaPref.,5hirakawa

MyagiPrefソSendai

AiChiPref.,Mt.Ki(hsho-san

MiyagiPrefワMt」2umigatake

Miyagipref.,Sendai

ShizuokaPref.,Fukuroi

Ko(郵Pre五,Kagami

0㎞awaPref.,YonaguniIsl.
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Table5.ListofflowerVisitorsofVincetoxicum・ ・TllophoアacomplexandCynanchum,

PlantspeciesFlowervisitorNumberNumbers℃rgan

_________,_____________________ofofof

individualspolliniapollinia

Orderobservedattachedattached

FaエnilyScientificname

Marsdenieae

Hoyacarnosa

Ja5minathe53π 雌o祀 躍加

Marsdenicatinctoria

var.tomentOS躍

Marsdeniatomentosa

Asclepiadeae

C,caudatum

C.wilfordii

Metaplexis/aponica

T.artStolochioide5

T.floribunda

Lepidoptera

Aganaidae

Aganaidae

Lymantridae

Noctuidae

Noctuidae

Noctuidae

Hymenoptera

Apidae

Lepidoptera

Geometridae

Noctuidae

Hymenoptera

Vespidae

Anthophoridae

Hymenoptera

Scoliinae

⊂oleoptera

Cerambycidae

Hymenoptera

Anthephoridae

Apidae

Vespidae

Hyエnenoptera

Eumenidae

Scoliidae

Vespidae

Coleoptera

Scarabaeidae

Diptera

Tachinidae

Hymenoptera

Apidae

Anthophoridae

Scoliinae

Scoliinae
Vespidae

Lepidoptera
Hesperiidae
Noctuide

!ISotaegensω4戸 ηヴ

A50加heloconiaritdkiuana

LymantrindiSpaア ノ躍蘇)nica

正reduscrepusculaア 露

Pindraillihata

Parallelinj41votaenia

Bombusardensaアdens

Boη1b{sdiveア5琶sdiver5us

Ouアapteryxmac砒audarin

5yp剛desheアcules

Poli5te5/adwigaeokinazvensis

A栩88∬zπ5ε 槻 ㎞f5躍 げ 卿8ヨ`ens

Megacampsomerisprismatica

L8戸turao`hraceofasciata

Xylocopaappendiculata

`'r`配mvolans

Aμtscerana

PoliSte55nellenゴ

Vespa士ropicapntchra

Vespa5imillimaxant加Ptera
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Caアinosco'加melanosomn
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T.iaponica

T.tanakae

レ,acu〃1ゴnatum

レ.ambigttum

v.amplexicaule

v,atratum

V."ustroki㍑5ianum

v.c躍lc廊re窟m

v.inamoeanum

Vl4配 即 ηゴc麗η2

Table5.continued

Diptera

Sciaridaesp・

Diptera

Cecidomyiidaesp,

ChloropidaeChloropsoryzae

SciaridaeSciaridaesp.

Coleoptera

Cerambycidaesp.

Diptera

Anthomyiidae

Empididae

Syrphidae

Deliaplatura

Anthomyiidaesp.

Empididaesp.

EriSt躍liSま8朋x

Helophゴlusvirgatus

Hemenoptera

Tenthredinidaesp.

Lepidoptera

Arctiidae

Geometridae

Noctuidae

Pyralidae

Lepidoptera

Noctuidae

Pyralidae

Diptera

Anthomyiidaesp.

Calliphoridae

Muscidaesp.

Lepidptera

Pyralidae

Geometridae

Nocutidae

⊂horeutidae

Diptera

Anthomyiid

Empididae

Sepsidae

Sciaridae

Tipulidae

Diptera

Empididae

aesp・

Pachyneuridae

Diptera

Bibionidae

Calliphoridae

Chloropidae

Drosophilidae

Muscidae

Sciaridae

銅 【躍nobaアectilinea`hinesゴ(コ 躍

Pogonony8tanigralbata

5四 畝)μ ε川exigua
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v.㎞ 彦oゴ

レ.magη1fiCUM

▽しnil7ponicum.-1

v「.pycno5telma

VF.5麗blanceolatum

var.π 躍σア躍nth配m

var.5ublanceolatum

V「.yonakunien5e

Sepsidae

Diptera

Cecidomyiidae

Chironomidae

Drosophilidae

Empididae

Sciaridae

Diptera

Tipulidae

Sciaddae

Diptera

Anthomyiidae

Chl・r・pii・ae

Culicinae

Drosophilidae

Sarcophagidae

Tipulidae

Lepidptera

Geometridae

Pyralidae

Noctuidae

Diptera

Culicidae

Chironomidae

Muscidae

Sciaridae

Tipulidae

Lepidoptera

Pyralidae

Noctuidae

Diptera

Anthomyiidae

Calliphoridae

Dolichopodidae

Ephydridae

Diptera

Cuhddae

Sciaridae

sciaddae

Lepidoptera

Pyralidae

Tor廿cidae

Diptera

Anthomyiidae

Tal)le5.conbnued

58P5応}πo雌05だ8脚

Coη 如 ア加 加fπo麗yεf

Orthrocladiir廿sp.

Dmsop厘1躍immigrans

Drosophila`or躍d襯

E胆 鯵sp・

Sciaridaesp.ユ

Sciaridaesp・2

Sciaridaesp.3

Tipulidaesp.

Sciaridaesp.

Anthomyiidaesp.

C〃 ～oropsoryzae

Culicinaesp・

Drosophilasp.

Blaesoxiphaノ ロμ)nensis

Scathophagidaesp.

五imoninbifas`加 加

ノlavoabdominalis

AgathiacartSsin解

Bradinagem加ali5

G'飢phodesguadrimacalalis

Hed!〆～8P加miSeア 躍

Micreremite5pyraloides

CI冠8xpipen5解118π5

Chironomidaesp.

LiSpeorientalis

SciaridaesP

Limonianohirrai

Limonutpu～cltra

Li栩!oninquadrimac麗dat?

Acropentins躍1trea

Bγ 躍dinaadmiXt躍ltS

Brad'nageminalゴs

Endotrゴc躍kuznetzoWi.

」PleurOPfyac々10rOPんln如

Ulアε5fpllf伽8π1c'1ゴ5

Aη 融 耐tSnigri卿ctalis

P侃7「躍1z81故dulcis

5tenhypenaηf8rfμ4πc毒 疏

Zanclo87iathaleechi

Noctuidaesp・

Anthomyiidaesp.1

Anthomyiidaesp.2

Calliphoriddesp・

Dolichopodidaesp.

Ephydridae

Culicidaesp.
Sciaridaesp.1
Sciaridaesp.2
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Glyphod「espryeγi
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Uアesiphitatri`0107

Crambttsaアgyrophortts

Olethreut血aesp.

Anthomyiidaesp.
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Lauxaniidae

Muscidae

Sciaridae

Lepidptera

Hypsidae

Noctuidae

Table5.continued

Lauxan茸daesp.

Muscidaesp・

Sciaridaesp・

Asotaheヱfcoη 血rf欧f槻 η躍

Metaemeneatアiguttata脚`麗1躍 如

5卿oμ εr叩 眈 η

5吻liciaryukyuensis

=
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ー
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ー
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ー
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C

★:M
.mouthparts;L,M.legsandmouths;Ccaptured.
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guiderail

A

coronalobe

interstaminalpart

Fig.18.ThreecoronatypesfoundinVincetoxicum.A.Vpycnostelma.B.γ

nipponicum.C.V7'aponicum.Bar=1.5㎜forA,=1mmforB,C.
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Fig.19.Pollinatorofasclepiads(threeMarsdenieae,Metaplexisjaponica,andtwoCynanchum).

A.Asotaheloconiariukiuana(Aganaidae)VisitingflowersofHoyacarnosa.B.Sypnoides

hercule5(Noctuidae)visitingaflowerofJasminathe5mu`ronata.C.MouthpartofBombus

aアdensardensshowingtheattachementofpollinariumoflasminanthesmucronatatoglossa.

Scalebar=1.3㎜.D.Headofsypnoideshercules(Noctuidae)showingthea廿achementof

corpusculumofJasminathesmu`繍toproboscis.Scalebar=O.8mm.E.Polistesjudwigae

okinawensis(Vespidae)visitingflowerso正Marsdeniatinctoriavar.tomentosa.F.Leptura

ochraceofasciata(Cerambycidae)visitingflowersofCynanchumcaudatum.

G・Mega`ampsomerisg7`ossamatsumuraivisitingtheflowersofMetaplexisjuponica.

H.MouthpartofMega`ampsomeris8rossamatsumuraishowingtheattachmentofthe

pollinariumofMetaplexis/'aponicatoamaxilla1ypalp.Scalebar=1mmArrowheads

indicatepollinariumandcorpusculum
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.20.Pollinatorsofasclepiads(TylophoraandVinceton'cum).A,Ceddomidaesp.visitingaflower

FfTylophoraaristolochioides.B.Cecidomidaesp・showinga廿achementofpollinariumofT・

励 励ioidestothemouthpart.Scalebar=0.2㎜ ・C・E吻5伽basalis(Empi出dae)visihng

[owersofVin`etoxicum伽moenum.D.Sciaridaesp.showingattachementofpollinariumof

ンlo吻 伽kOetothemouthpart・Scalebar=0・4㎜ ・ESd舳esp・visiting且owersof
iin`etoxicumjuponicu〃1

.ESdaridaesp.shoWingattachementofpollinariumofVan`etoxicum

脚 翻to出emouthpa丘.Scalebarニ0。7㎜.G.Heアminia伽oc8η5(Nocutidae)visiting且owers

bfVincetoxicumaustrokr'usianum.H.HeadofPogonopygianigralbata(Geometridae)showingthe

ttachementofpollinariumofVin`etoxicumambigUumtopro國bosds.Scalebar=0.7mm.Arrow

Leadsindicatepollinarioum
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CHAPTERV.ACOMPARA皿VESTUDYOFREPRODUCTIVE

CHARACTERISTICSANDGENETICDIVERSITIESONANAUTOGAMOUS

DERIVA皿VETIYLOPHORAMATSUMURAEANDITSPROGENITORT.

TANAK,4E

Theevolu丘onofselfingtaxafromout(rossingprogenitorisoneofthewell

documentedevolutionarypathwayinangiosperms(Stebbins,1970).Flowersofsel丘ngtaxa

havetypicallysmallercorollas,reducedherkogamy,andreduceddicogamycomparedto

flowersofrelatedoutcrossingtaxa(Omduf£1969).Evenifhighlyelaborateflowers

preventself-pollinationinmostoftaxa,thebreakdownofsuchsystemshavebeenreported

inmanyplantfarnilies(e・9.Boraginaceae:Sdhoenetalワ1997;Orchidaceae:Pedersenand

E}Uers,2000).Furthermore,notor且yinfloraltraits,self-pollinatingtaxaalsooftendiffer

fromoutcrossingonesinlifehistoryandecology(Omduff,1969芦HilletaL,1992).These

associationssuggestedthatthefrequentlyobservedevolutionarytransitionfromoutcrossing

t。sel丘nginvolvesadaptationtolocalpollinationenVironments(FishmanandWya廿,1999).

ThemembersofthesubfamilyAsclepiadoideaehascomplicatestructuresforadapting

a血mal-mediatedpollination(seechaptersI,rV).Thus,inthissubfamily,out(rossingis

consideredtobeadominantmodeofpollination,althoughtheoccurrenceofautogamyvia

ins伽pollentUbegerminationhasbeenrarelyreportedinafewspecies(Cha加rvediand

Pant,1986;KUntZ,1991∫LUmerandYost,1995).IntheCOU.rSeOfthemOrphO10giCalre-

exarninauon(ChapterII)andinvestiga廿onofthepollinationbiologyfor28Japanese

Asdepiadoideae(Chapterr>),IfoundanautogamousspeciesinthegenusTylophoアa.

Tylophoramatsumurae(T.Yamaz.)T.Yamash.&Tateishiisaperennialherbgrowingon

glasslandsofwindyheadlandsorexposedlimestonesnearseashore,andisendemicto

Amami,Okinoerabu,Yoron,andOl(inawaIslandsintheRyukyuArchpelago,∫apan

(ChapterH;Fig.22).ThisspeciesislistedasendangeredintheRedListofIapanese

vascularplants(EnvironmentAgencyofIapan,2000).

Tylophoramatsumuraeischaracterizedbyshorterectingstems,almostabsentpeduncles,

andafewinconspicuous且owers,andisthoughttoberelatedcloselytoT・tanakaeMaxim,

whichisdistributedfromtheSouthKyushutotheRyukyuArchipelago(ChapterII;Fig.22).

Moreover,althoughnoinsectvisitorshavebeenobservedinthefieldinvestigation(Chapter

rV),thisspedeshasveryhighfruit-flowerratio(14.2-41.6%)comparedtootherspeciesof

Asclepiadoideae.Thesemorphologicalandreproductivefeaturesseemtobeconsistent

withasyndromeofautogamousspecies(()rnduff,1969;Wyatt,1988).Thusitispossible

thatT.matsumuraehasautogamousmodeofreproductionandhasbeenderivedfromthe
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relativeT.tanakae.

htheAsclepiadoideae,autogamousspedesthataccompaniedwithmorphological

modificationshaveneverbeendocumented.ThusT.matsttmuraeisanidealspeciesto

investigatehowelaboratefloraltraitspreventingself-pollinationarelostandhowthe

morphologicalmodi丘cationsoccuraccompanyingwithautogamyinAsclepiadoideae.

Allozymestudiesprovidemuchusefulinformationorlgeneticstructureswithinand

amongpopUlations(LovelessandHarmick,1984).SomestUdieshavedemonstratedthat

themUltipleandsingleoccurrencesofselfingspeCiesorpopUlationbyexaminingisozyme

variations(e.g.InoueandKawahara.1990;Wyatteta1.,1992).

Thepurposesofthepresentchapteraretoexarninethedifferencesofreproductive

traitsofT.matsumuraeanditsprogenitorofT,tanakaeandtoestimatethelevelofgenetic

divergencesofbothspedes・

MATERIALSANDMETHODS

Studyspecies

TylophcramatsumuraeisgrowingonglassIandsofwindyheadlandsorexposedlime

stonesnearseashore,andisendemictoAmami,αdnoerabu,Yoron,andOkinawaIslandsin

theRyukyuArchipelago(Yamazaki,1968♪ChapterII;Fig.21A.22).Thisspeciesis

morphologicallyresemblesTりlophoratanakae,whichisdistributedfromKyushuIslandtothe

RyukyuArchipelago(Fig.21B,22).Tylophoアamatsumuアaehasshortanderectstemsupto40

㎝long,althoughT.伽akaehasmanybranchedandtwiningstemsupto2mlong.The

mostconspicuousdifferenceinreproductiveorgansislengthofpeduncles.Tylophora

matsumuraehasabsento士veryshortpedumClesandonly2-4flowersare(lirectlyattachedon

axialandinconspicuous.Ontheotherhand,T・tanakaehasratherlongPeduncle,4-18mm

inlengthandhasmorethanthe10flowersperinflorescence.Furthemlore,Tllophoアa

matsumuraecanbealsodistinguishedf士omT,tanakaebymuchnarrowerfolliclesandsmaller

seeds(ChapterII)・

Andア0θ`加 例differentiationandpollination腕oZogン

1π5伽 戸・1Z8π励eger擁 π伽 η姻P・118漁 加97〔 庸 肋ovary

InAsclepiadoideaeautogarrtyhasbeenreportedtooccurviainsitupollentube

gernlinationinanthersacs(Kunze,1991)・Thus,toexaminehowautogamyoccursonT.
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mats"murae.Iobservedandroeciumdifferentia丘onofT.脚tsumuraeandT,tanakae.

Flowersandbudsofbothspecieswerecollectedatconsecutivestagesofdevelopment

andfixedinFAA。Fixedmaterialsweredehydratedthroughanalcoholseries,embeddedin

paraf丘n,andsectionedatthicknessof6-8μmwitharotarymicrotome・Thesectionswere

stainedwithhematoxylinandfast-green(Sass,1958)andmountedwithEntellan・Prepared

slideswereobservedwithalightmicroscope.

Thepollentし1besgrowthinpistilwasalsoobservedbyusingflu,orescencemicroscopy

forflowersofT.matsumt`rae.Iusedthe且owersofT.matsumuraecollectedfromMl,M2,

andM6populadons(Fig22,Table6).Fiveflowersthatwerenotinsertedpollir直aofother

individualswereselectedforobservationfromeachofthreepopulations・Thepistilsofthe

flowerswerecutatthebasewitharaiser.Thereafter,thepistilswerewashedbydistilled

waterandthensoftenedinINNaOHfor30minutesat60℃.Thesoftenedpistilswere

placedonaslideglassandstainedwithO.Ol%anilinebluesolution,andsquashedwiththe

coverglass.Preparedslideswereexaminedforstainedcalloseplugsandpollentubesu.sing

OlympusBHmicroscopeequippedwithafluorescenceapparatusofOlympusBH-RFL

Pollinationbiology

Inordertoestimatethelevelsofpollinatoractivityinnaturalpopulations,Irandomly

colle(±ed20flower(a且owerperindividual)fromfivepopulationsofM1,M3,M4,M5、and

M60fT.matsumitraeandfromfourpopulationsofT12,T13,T14,andT150fT.tanakae(Table

6).TheflowerscollectedwerefixedinFAAandpreserveduntiluse・Theseflowerswere

dissectedunderthemicroscope,andIcountedthenumberofbothinsertedpolliniato

stigmaticchambersandremovedpollmiafromanthersacs.

Toexamineautogamy,baggingtreatmentswereconductedforfour,five,andll

individuals(atotalof442flowers)ofT.mastumuraeatM3,M4.andM6population,

respectivelyand丘ve,three,two,andfourindividtlals(atotalof210flowers)ofT.tanakaeat

T9,T11,T13,andT14population(Fig・22)・The且owerbudswerebaggedbynylonbagsand

thenumbersofmaturefruitswerecounted.

AllozymeeZectrophoγesis

Populationsampling

Isampledatotalof169individualsformeightpopUlationsofTllophoramatsumuraeand

361indiVidualsform18popUlationsofT.tanakae.Furthermore,toestimateout(rossingrate

ofT.tanakOe,IcollectedmatUrefolliclesfromfourpopUlations,T9,T14,T15,andT180fT.
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tanakae。DuetothelackofisozymevariationonT.matsumurae(shownintheresults),the

matingsystemanalyseswereconduCtedonlyforthepopulationsofT.加 π躍肋e.

Allozymeelectrophoresis

Formatureplants,onehundredmgofafreshleafsamplewashomogenizedin1000μ1

0fanextractbuffer.Theextractbufferwasmadeupof93mmol/LTrisHC1(pH7.5),23・4%

91ycerol,o.6%(v/v)Tween80,2.8mmol/Ldithiothreitol,ando.5%2-mercaptoethano1

(Uchidaetal.,1991).Thehomogenateswerecentrifugedat20,000xgat4℃for15min・

Theresultingsupernatantwasusedforcrudeextracteftheenzymes.Polyacrylamide

verticalslabgelelectrophoresiswascarriedoutaccordingtotheproceduresdescribedby

Davis(1964)andOmstein(1964).TenmicrolitresofthecrudeextraCtofenzymewereused

forpolyacrylamidegelelectrophoresis・Thefollowingllenzymesysヒemswereexamined:

asparateaminotransferase(AAT氾C2.6.1.1),glcose-6-phosphateisomerase(GPI;EC5.3.1.9),

glyceraldehyde-3-phosphatedehydrogenase(G3PDH∫EC1.2.1.12),leucineaminopeptidase

(LAP;EC3。4.11ユ),malatedehydrogenase(MDH;EC1.1ユ.40),menadionreductase(MNR♪

EC1.6.99.2),phosphogltlcomutase(PGM;EC5.4.2.2),6-phosphogluconatedehydrogenase

(6PGDH;EC1.1。1.44)ノshikimatedehydrogenase(SKDH;EC1.1.1.25),superoxidedismutase

(SOD;EC1.15.1.1),andtriose-phosphateisomerase(TPI;EC53.1.1).Stainingprotocols

followedthoseofTsumuraetaL(1990),exceptthatforG3PDH,whidh・followedWendeland

Weeden(1989).

5tatis伽 伽 吻5ゴ5

Basedontheresultsofallozymeelectrophoresis,allele廿equendesineachpopulation

ofT,脚 醜 初 混耀andτ 加 槻 厩werecalculatedforthelociencodingthellenzymesystems.

Thefollowingindiceswereusedtoquantifytheamountofgeneticdiversitywithineach

populahonexamined:thepropor且onofpolyrnorphicloci(P)atthe95%criterion,the

numberofallelesperlocus(A),numberofallelesperpolyrnorphicloci(浬),andthe

expectedheterozygosity(h).Geneticdiversityparameters(P,A,/IPandh)werealso

calculatedatthespedesleve1.AsinHarmiCl(andGodt(1989),Itreatedtheloci

polymo】4)hicinatleastonepopulationaspolymorphicatthespecieslevel.

Genetic(lifferentiationamongpopulationsofT,ma'sumuraeandT.tanakaewas

estimatedbygenediversitystatisticscorrectedforerrorsduetosmallsamplesizes(Neiand

Chesser,1983)・Thepopulationgeneticstructurewasanalyzedbycalculating:totalgenetic

diversity(HT),geneticdiversitywithinpopulations(Hs),andproportionofthetotaldiversity

amongPopUlations(GST)forpolimorphiclod・
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Unbiasedgeneticidentity⑦,andunbiasedgenetic(listance(^D)(Nei,1978)were

caIcUlatedforeachpair-wisecomparisenofallpopUlationsexamined.Aphenogrambased

ontheunbiasedgeneticdistancewasobtainedusingtheneighbor-joiningmethod(Saitou

andNei,1987)withPHYLIPversion3.5c(Felsenstein,1993).

Matingsystemanalysis

Thefolliclescollectedfromthefourpopulations,T9,T14,T15andT18(Table6)ofT・

tanakaeweredriedatroomtemperatureandseedswereextractedfromthemafヒerdehiscence・

Seedsweresowninpetridishes.Sixseedlingsperafolliclewereusedformatingsystem

analysis.Fortheseedlings,10-20mgofafieshIeafsarnplewashomogenizedin150μlofa

sameextractbufferusedformatUreplantsandtwoisozymeloci,i.e.LapandSkdh,were

exarnined.

SelfingratesandtheirstandarderrorsforT,tanakaewereestimatedfromallozymedata

usingmulti-10cusestimators(NtiandandJain,1981),whichwerecomputedusingthe

mating-systemprogramdevelopedbyRitland(1990).

RESULTS

Diffeアentiationofanther

NodifferencewasobservedfortheantherdifferentiationbetweenT.matsumuアaeandT.

tanakaeuntilthebudsat1。2mmindiameter.ThepolliniaofbothspeCteswereenclosed

withan仕Lersac(Fig.23A-D).InτtanakOe,aba)dalsideoftheanthersacsbegantoreduce

thebudsatapProximately23mmindiameterandcompletelyshrinkatapProximately3・2

mmindiameter(Fig.23E).Bycontrast,inT.matsumurae,anthersacsdidnotfullyshrunk

evenatopenedflower(Fig.23H).

PoZlfπf躍r「27710τ アalandinsertion伽natuアalpo戸ulatio"5

InT.tanakae,thepollinariumremovalandinsertionrateatT12populationwere43%

and12%,respectively,andthevalueswerehighestamongsevenpopUlations.Thenumber

ofremovedorinsertedpollir丘awaslowestatTllinsevenpopulations(Table7).

Incontrast,allpolliniawerenotremovedfromtheanthersacsinT・matsumurae・ ∬π

situpollentUbegerminationinanthersacsareobservedinalllocalities,andanthersacsof

theseflowersdidnotdehisce。Thesepollentubeswereenteredintoovariesandreachedto
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o▽ules(Fig.24)・

Baggingexperiments

Maturefruitswereproducedby22.4-27.2%ofbaggedflowersinV・matsumurae,while

inT.tanakle,nofruitwereproducedfrombaggedflowers(Table8).

Geneticdiversity

Atotalof14putativelociwerescored:Aat,G3pdh、L卯,Mdh,Mnr,Pg∫4,Pgi-2,Pgm一 ヱ,

Pgm-2,6戸9,Skdh,Sod,Tpi一 ヱ,andTpi-2forbothspecies.AIthoughallpopulationsofT・

matsumuraeweremonomorPhicinallof1410Ct,T.tanakaewerepolymorphicforfiveloci,i・e・,

Aat・ ・ヱ,Lap,、Mnr,SkdhandTpi-2,atleastonepopulationandtheo出ersweremonomorphic

Table9summarizesvaluesofP,A,APandhforeachpopulationandatspecieslevelof

T.matsumuraeandT.tanakae.Atthepopulationlevel,themeanvaluesofP,A,AP,andhin

T.tanakOewere16.7,1.21,228,andO.074,respectively.Atthespeciesleve1,thevalu.esofP,

A,AP,andhinT.tanakOewere42.0,1.35,2.71,andO.126,respectively.】hcontrast,seven

popUlationsofT.matsumμ アaehadnoisozymevariaUon.

Populatio"geneti`stア 鯉`t㍑アεandPopulationdifferentiation

Thetotalgeneticdiversity(HT)andthecoeffidentofgenedifferentiation(GsT)overall

forallpopUlationsofT.tanakaewereO.126andO.409,respectively(Table10).Thelatter

valueindicatesthat59%ofthetotalgeneticvariationwassharedinall19popuユationsofT.

tanakae,andtheremaining41%waspartitionedforeachpopulation.

Themeanvaluesoffand^DbetweenT,matsumuraeandT.tanakOewereO.86(with

range,079-0.94),andO.14(withrange,0.06-0.23),respectively・Themeanvalueoffand^D

amongthepopUlationsofT.tanakOewereO・94(withrangeO・79-1・00)andO・06(withrangeO-

024),respectively.Inmostpair-wisefvaluebetweenallpopUlationsofT,tanakaε,the

valueswereoverO.9,althoughgeneticdifferentiationbetweenthepopUlationofMinami-

daitoIslandandthoseoftheotherislandswererelativelylarge(0.78-0.87).Thephenograrn

constructedusingtheneighbor-joiningmethod(SaitouandNei,1987)basedonNei's(1978)

unbiasedgeneticdistanceisshownFig.25。Duetocompletelackofallozyme

porimorphisminallpopUlationsofT,matsumurae,therelationshipscannotberesolved

amongthesepopulations・
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OutCfossingrateqプT.tanakae

Theresultsofrnultilocusestimatesofoutcrossingratesandtheirstandarderrors

(RitlandandJain,1981)forfourpopulationsefT,tanakaewereshowninTable11.The

valuesofoutcrossingratesofT14,T15,andT18wereO.59,0。36,0.37,respectively,indicating

thatthesepopulationshadmixedmatingsystem,whereasthatofattheTgpopulatiorlwas

O.18,indicatingthatthepopUlationwashighlyself-pollinationg.

DISCUSSION

Repγoductizアechara`teri5ti`5qプTylophoramatsumuraea"dT・ 伽"akae

FromtheresultofhighpercentageoffruitsetsonbaggedflowersinT,matsumuアae

suggestedthatthisspedesexhibitsautogarnousself-pollination(Table8).]LnAsclepiadeae,

autogarnyviaゴ πsitupollentubegerminationhasbeenreportedonVincetoxicumnigrum,

Tllophorahiアst`taandTylophorasp.(Chaturvedi&Pant,1986;】 くuntz,1991江umer&Yosち

1995).TheautogamyofT.matsumuraeisalsooccurredviainsitupollentubegermination,

andthisisbecausethemorphologyofstamenhasatmiquemechar丘srnforautogamy.The

anthersacofthespeciesdidnotdehisceeveninopenedflower.Furthermoremanypollen

tUbesgerminatedinsituanthersacan.dthesepolIentubesreachedovtlles.Thisfeaturewas

alsosupported丘omtheobservationsthatonlythecorpusculumswereremoved丘omthe

flewers,andnopollmiawereremovedfromanthersacsbyinsectsinMl,M3,andM5

pepulationsofT,matsumurae.ThesefloralcharactersindicatethattheflowersofT.

matsumuraeareextremelyadaptedforautogamy.

1ncontrast,fourpopulationsexaminedofT.tanakaeshowedwidevariationin

outcrossingratefromhighselfingtomixedmating.Althoughself-fertilizationofT.

matsumuアaearecausedbyautogamy,thatof了 ∴tanakaeareprobablycausedbygeitonogamy.

Becauseno丘uitwasobtainedonbaggedflowersofT.tanakae,thefertilizationofthespecies

woulddependonaninsectvisitation.TheflowersofT.tanakaelackVisiblenectarandthe

smallmosquitoesbelongingtothefamilySciaridaeareobservedasapollinatorofT.tanakae

intheOkinawaIsland(ChapterW).Thelowfrequencyofpolliniaremovalandinsertionin

thefieldssuggeststhatthefrequendesoftheinsectvisitationsarelow.Theevolutionary

advantageofautogamyisfertilityassurancewhencross-fertilizationisinadequateor

unreliable(Baker.1955;Allard,1965),Inτtanakzae,self-compatibilitymightha▽ebeen
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advantageouswhenthespeCiescolonizeintonewislands.AutogamyinT.matsumurae

wouユdbemostadvantageousforcolor廿zingontheirhabitat,limestonerocksfacingseaand

exposingwinds,because,onthehabitat,itwouldhavebeendifficUlttoreceiveapollinator

visitation,

Geneti`divers吻of工 伽akaeandoガ9in・fT.matsum徽e

Atthespecieslevel.totalallozymegeneticdiversityinT.tanakae(HT=0.126)istwo

timeslowerthanthatofthemeanvalueofthecompileddataof52endemicplantspedes

(HamrickandGodt,1989).ThevaluesofHTofendemicplantsfortheRyukyuArchipelago

havebeenreportedbetweenO.134andO.232(Hiramatsuetal.,1999;Maki,1999;2001;Maki

etal.,2003)andthatofT.tanakaewasslightlylowerthanthethosevalues.Themean

allozymicdiversitywithinpopulationsofT.tanakae(Hs=0.074)wascomparabletothemean

valuespreviouslyrecordedforinsu.1arendemicplants(HamrickandGodt,1989).However,

thevaluesofgeneticdifferentiation(G5T=0。407)wasfomdtobe1,6timeshigherthanthe

otherendemicspedes(HamrickandGodt,1989).Ingeneral,thebreedingsystemof

floweringplantspedesgreatlyaffectstheirG5Tvalues(HamrickandGodt,1989)、Thehigh

GsTvalueofT.tanakOeindicatesconspicuouslylimitedgeneflowbetWeenislands.The

pollenmediatedgene且owbetweenislandsseemtobeunlikely.becausemainpollinator

observedforT.tanakaeisqUitesmallmosqUitoessuchasSciaridae.Thus,seeddispersalvia

windmayrarelycausegeneflowbetweenislands.

Thevaluesofnonbiasedgeneticidentitiesandgeneticdistancesindicatesthat

popUlationofT・tanakaeareonlyslightlygeneticallydifferentiatedexcep廿ngforT19andT20

populationsandnotendencybetweengeographicstructureweredetected(Fig.25).This

resultsuggeststhatT.tanakaerecentlyderivedfromitsancestralspeciesandexpartdedits

distribution,andthatgeneticdriftworksateachofislands。

Ontheotherhand,atotalof169individualsofT.matsumuraehadnogeneticvariation

atthe14isozymelociexaminedinthisstudy(Table9).Inparticular,OkinoerabuIsland

populationofT.tanakaehasallallelesseeninT.matsumuraeandclusteredwithT.

栩atsumuraeinthephenogramconstructedusingtheneighbor-joiningmethod(SaitouandNei,

1987)basedonNei's(1978)unbiasedgeneticdistance(Fig.25).Thus,T.matsumurae

mighthavederivedfromthecentralRyukyuIslandspopulationofT.tanakaequiterecently,

andithasrapidlyenlargeddistribution.TheautogamousnatureofT.matsumuraehas

playedamajorroleinthisquickexpansion。

63



Table6.Populationcodes,10cality,samplesizes(N)forexaminedpopulationsofTy'o帥(rra

mc～tsumuア 躍εand1「.tanaたae.

PopUlationcode Locality N

T.matsum魏7ae

Ml

M2

M3

M4

M5

M6

M7

T.tan躍kae

Tl

T2

T3

T4

T5

T6

T7

T8

Tg

T10

Tlユ

T12

T13

T14

T15

Tl6

T17

T18

T19

T20

OkinoerabuIsl.

YoronIsL

OkinawaIsL,HedoCape

OldnawaIsl.,Oma-1

01dnawaIsl.,Onna-2

0kinawalsl.,Onna-3

0kinawaIsl.,Yonashiro

Kagoshima,SataCape

YakuIsl.,Isso

KuchinoshimaIsl.

AkusekiIsl.

TakaraIsl.

ArrtamiISL,1(aSari

AmamiIs1.,Honohoshi

TokunoshimaIsl.Mushiroze

OkinoerabuIsl.

OkinawaIsl.Ogimi

IeIsl.

OkinawaIsl.,Onnna

OkinawaIsl.,Naha

AkaIsl.

KumeIsl.

MiyakoIsL

Ishigakilsl.

1くuroshimaIsl.

YonaguniIsL

MinamidaitoIsl.

∩
V

4

3

4

6

7

5

4

∩∠

-
⊥

∩∠

〔∠

1
1

〔∠

0

5

4

5

3

9

9

0

2

3

0

4

4

4

4

3

9

2

2

2

1

1

1

8

1

2

2

9

1

6

2

2

2

1

2

1

2
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Table7.Pollinariumremoval,inserUonandinsitupollentubegerminationobservedon20

flowersof1「.matsumuraeandT.tanaたae.

SpeciesNumberofpolliniaNumberofpolliniaNumberofpolliniagerminated

Populationcoderemoved(%)inserted(%)inanthersacs(%)

τmatsumurae

M14.ぴ

M36,ぴ

M40.O

M51.0★

M60.O

T,tanakae

T119.O

T1243

T1328

T1428

0.078.0

0.092.5

0.091.0

1.α80.0

0.090.0

0.01.0

12.00.0

6.20.0

1.00.0

'indicatesnumber・fc・rpusculumsrem・ved・finserted(%)
.
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Table8.FruitsetsofbaggingtreatmentonflowersofT.matsumuraeandT,tanakae

Species

Populationcode

Numberof

flowerbagged

Numberof

fruitsets

Fruitset

perflower(%)

Numberof

individual

T.m解tsumurae

M3

M4

M6

T.tanakae

Tg

Tll

T13

Tl4

44

153

245

72

65

61

84

凸
乙

匿
」

5

1
⊥

つ
0

=
」

∩
U

O

O

AU

27.2

229

22.4

0

0

0

0

1

4

5

41

慶
J

つ
」

へ∠

4
⊥
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Table9.Propo面onofpol}㎜orphcloci(P),meannumberofpol}」morphicloci(A),the

numberofallelesperpolymorphicloCt(溜),andgenediversitywi曲apopulaUonωat14

10ciforexaminedpopulationsofTンlophoramatsumuraeandT・tanakae・

Species

PopUlationcode P A 溜 セ

T,m躍tsum麗 アae

Ml

M2

M3

M4

M5

M6

M7

MeanofT、matsumuアae

τmatsumuアaeatthespecieslevel

T.tanakae

Tl

T2

T3

T4

T5

T6

T7

T8

Tg

T10

Tll

T12

Tl3

T14

T15

T16

T17

T18

T19

T19

MeanofT.伽 湘 θ

τtanakaeatthespecieslevel

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2

2

0

2

0

5

5

4

4

4

2

4

0

2

2

2

5

2

5

0

7

の

性

且

oD

且

刀

凪

器

飢

匹

匹

蝕

匹

刀

性

且

且

箆

且

鰍

刀

艶

42

1.00

1.00

1.00

ユ.00

1.00

1.00

1.00

1.00

1.00

創

瓢

価

旙

価

誌

溺

23

緬

%

"

%

価

%

%

詔

28

認

溺

σ

幻

茄

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

加

加

コゆ

加

』心

ゐ

ゐ

茄

茄

絡

加

3B

加

加

加

加

加

⑳

ゐ

m

圏

澱

2

2

2

2

2

2

2

2

2

2

2

2

2

3

3

2

2

2

2

2

2

2

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

働
罐

欝

援

鵬

麗

濃

鷹

號

膓

㎝
例
泌

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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Table10・Gene且cdiversitystatisticsbasedonNei(1973)forpolymorphiclocifromthe

populationexaminedofT,matsumuraeandT.tanakae.H5=geneticdiversitywid闇 血

populations,HT=totalgeneticdiversity,andG∬=proportionofthetotaldiversityamong

popula廿ons.

Species H5 HT G∬

T,matsumurae

T.tanakae

O.OOO

0.074

0.000

0.126 0.409
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Table11.O)utcrossingrate(t)andtheirstandarddieviation(SD)forfourpopulationsofT.

tanakaeestimatedfromLapandSkdh.

PopUlationcode Numberoffamily

analyzed

Numberofseedlings

analyzed

t±SD

Tg

T14

T15

T18

7

イ⊥

4
匹

【
∠

-
↓

り
∠

2

ら
∠

101

126

136

128

0.18±0.05

0.59±0.11

036±0,05

0.37±0.09

7

、
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Fig.21.FloweringindividualofTllophoramatsumurae(A)andT.tanakOe(B).
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Fig.22.Distributionofthepopulationsexamined.Populationcodesandlocalitiesare

summarizedinTable1.DashedlinesindicatedistributionareaofT.tanakae.
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Fig.23.Vertical(A-F)andtransverse(GandH)sectionsshowinganther

developmentofT.tanakae(A,C,EandG)andT.matsumurae(B,D,耳H).Bars

indicate700μmforA,B,140μmforC-Dand280μmforG.H.ca=carpel∫co=

corpusculum;p:pollir盛a;s:stamen;sh:stylehead.
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Fig.24.FluorescencemicrographsofpistilsofT.matsumurae.APollen

tUbesgrowthroughtheovaryandreachedovules.B.Ovulesare

penetratedbypollentubes.Arrowsindicatepollentubes.Barindicates

80μmforAand40μmforB.ov:ovule.

73



Tl4

T16

Tl5

Tl8

T12

Tl9

T5

T11

TlO

T13

T17

T20

Ml-M7

0.1

Fig.25.PhenogramforsevenpopulationofT・matsumuraeandtwenty

populationsofT,tanakaeusingtheneighbor-joiningmethodonNei's(1972)

standardgeneticdistance.
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CHAPTERVI.MOLECULARPHYLOGENYOFVINCETOXICUMANDITS

ALHEDGENERA

ThegenusV加cetoxicumWolfcomprisesapproximately100speciesdistributedinAsia,

especiallyinmountainranges.Mostofthe㎞ownspeciesoccurinChinaand∫apan(Liede,

1996a).Themorphologicalcharacteristicsofthisgenusareasfollows:erectortwining

stems,fasdcledroots,membranaceousorchartaceousleavesinitsvegetativeorgans,arotate

corolla,andfivefleshystaminalcoronalobescompletelyseparateorpardycorm・ectedby

muchthinnerinterstaminalpartsinitsreproductiveorgans(Liede,1996a).

TherearetwotaxonomicinterpretationsoftherelationshipsofVincetoxicumandits

alliedgenerahavebeenconductedsofar.inone,thegenus▽iπcetoxicumwasgroupedwith

thecloselyrelatedgenusCynanchum(e.9.Hooker,1883;TsiangandLi,1977;Yamazaki,1993;

GilbertetaL,1995).Intheother,thesetwogenerawereconsideredtobedistinct(e.g.

Ktagawa,1959;Markgarf,1972;()uetal.,1989ρhashi,1990).Theformerinterpretation

wasbasedonthecontinUltyofcorenastructurebetweenVincetoxicumandCynanchums.s,

(e.g.Hooker,1883;GilbertetaL,1995),inthelatter,レincetoxicumandCynanchumwere

consideredtobeindependentgenerabasedonthecharacteristicsofthecorona,aswellason

chemicalsubstancessuchasalkanoidsandaglycones(Qiuetalり1989).Basedoncladistic

analysisofmorphologicalandchemicalcharacters,Liede(1996a)proposedanalternative

hypothesis,namely,thatVincetoxicumismoresimilartoTンlophorathantoCynanchttm.

Recentmolecularphylogeneticstudieshaverevealednewaspectsoftherelationships

l)etweenVincetoxゴcumanditcloserelatives.Basedonrb`ILsequencedata,CiveyreletaL

(1998)indicatedthatVince加xicumandTylo吻racompriseofamonophyleticgroup.More

recently,Liede(2001)conductedamolecularphylogeneticanalysisofthesubtribe

Astephaninae,includingfour,speciesofVincetoxicum,basedonthesequencesofthefr1王 、L

(UAA)intronandtwointerger亘cspacers,i.e.,trnT(UGU)-trnL(UAA)andtrn、L(UAA)-tアnF

(GAA),ThisresultindicatedthatthefourspeciesofVincetoxicumfo血edamonophyletic

grouptogetherwithincludedTylophoraindi`a,andBiondiahenryi.Inaddi廿onitwasshown

thatthereisnocloserelationshipbetweenCynan`humandVincetoxicum(Liede,2001).

However,themonophylyofVincetoxicumwasunclearbecausethesupportvalueofthis

monophyleticgroupwassoweak,andsampledspeciesofVin`etoxicumweretoofew.

LiedeetaL(2002)conductedafurtherphylogen廿canalysisofthesubtribeTylophoriniae,

inckldir[gthesamefourspedesofV加`etoxicum,basedontheabove-mentionedregionsof

cpDNAandtheITSregionofnrDNA,asinthepreviousstudy.Althoughmonophylyof

thesubtribeTylophormiaewasstronglysupported,intra-subtriberelations}ripswerepoorly
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resolvedandthemonophylyofVincetoxicumstillremainsobscure(Liedeetal.,2002).

InordertoreconstructamorereliablephylogenyofVincetoxicum,itisnecessarytouse

additionalsamplesaswellasrnoreinformativeDNAregions.Inmystudy,Iattemptedto

solvethisproblemusingtwoapproaches。Oneapproachwastoemploytheregionsin

whichahighrateofnucleotidesubstitutionswereobserved、andtheotherwastocombine

multipledatasetstoestimatephylogeneticrelationshipsmoreprecisely(e.g.Morteta1.,

2002).Recently,somegerlomicregionshavebeenreportedtohavesufficientlyhigh

nudeotidesubstitutionratestoclarifytherelationshipsamongcloselyrelatedspecies(Soltis

andSoltis,1998).Therefore,Iemployedatotalofsevenregions,twointergenicspacers,i・e・,

伽 五一trnFandpsbA-trnH,threeintrons,i.e.,fア πL,tアnGand碑 フFincpDNA,andintemaland

externaltranscribedspacers(ITSandETS)innrDNA,toreconstructphylogenetic

relationshipsofVincetDxicum.Theutilityofnon-codingcpDNAregionsandtherrSregion

innrDNAatthespedfic-andgeneric-levelphylogenyhasbeendemonstratedinmany

taxonomicgroups(non-codingcpDNAregions=reviewedbyKelchner,2000∫ITSregion:

reviewedbyBaldwineta1.,1995).TheETSregioninnrDNAhasbeenrecentlyshownt。be

morephylogeneticallyinformativethantheITSregion(BaldwinandMarkos,1998).The

substitu.tionrateoftheETSregionhasbeenestimatedtobeapproximately1.4timesasfast

asthatoftherrSregion(BaldwinandMarkos,1998).Therefore,theETSregionwas

expectedtobeusefUlinthestudyofinha-genericrelationships,evenwhentherrSregion

lackssuffiCtentvariation.

Inthiρchapter,Iaddressthefollowingquestions:i)IsVincetoxict`mamonophyletic

group?ii)WhatarethephylogeneticrelationshipswithinVincetoxicum?iii)Can

evolutionaryhistoriesbereconstructedinVincetoxicum?Toaddressthesequestions,I

determinedthesequencesofsomeregionsincpDNA(twointergenicspacers,i.e.trnL-trnl]

andpsb、A一 伽Handthreeintrons,i.e.,卿F,伽Gand伽L)andnrDNA(rrSandETSregions)

usingsamplesnotemployedinpreviousstudies,andanalyzedthemphylogenetically.

MATERIALSANDMETHODS

Plantmatt～rials

Twenty-onesamplesofレincetoxicumandeightsamplesofTylophorawereexaminedin

thisstudy.ThreetaxaofCynanchumwereselectedasanoutgroupfollowingtheresultsof

theanalysesofLiede(2001)andLiedeeta1.(2002).Atotalof32sampleswereexamined

andthesehavenotbeenincludedinpreviousphylogeneticanalysisexceptforVincetoxicum
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atrat卿m(Table12),Taxonomictreatmentsofthespeciesexaminedweredoneaccordingto

Kitagawa(1959),Akasawa(1981),Ohashi(1990),Yamazaki(1993),andChapterIIinthesis

study.SourcesandvoucherspecimensofthematerialsarelistedinTable12.

DNAextradtion,amplザicationandseeuen`加9

TotalgenomicDNAwasisolatedfrom200to300μgoffreshleaftissuesbasedonthe

procedureofDoyleandDoyle(1987).TheisolatedDNAwasresuspendedin100to200μL

TE.Double-strandedDNAwasamplifiedafterincubationat94℃for2min,by30cyclesof

incubationat94℃for1.5min,48℃for2min,and60℃for3min,withafinalextensionat

72℃for15min.IamplifiedthetrnL(UAA)-trnF(GAA)intergenicspacerandthetrnL

(UAA)intronwithprimersdesignedbyTaberletetal.(1991),the戸sbA-trnHintergenicspacer

withprimersdesignedbySangetaL(1997),trnG(UCC)andatpFintronswithprimers

designedbyNishizawaandWatano(2000),andtworegions,i・e・'ITSlandITS2'with

primersdesignedbyWhiteetal.(1990).TheETSregionwasampli丘edusingprimers

newlydesignedinthisstudy,AsETS-F(5'-CAAGCATATGACTACTGGCA-3りandAsETS-R

(5'-TCAGTTGTGGCTCAAGTG-3').Afteramplification,reactionmixtuエesweresubjected

to-electrophoresisin1%low-melting-temperatureagarosegelforpurificationofampli丘ed

products.IsequencedthepurifiedPCRproductsusingaDYEnamicET-TerminatorCycle

SequencingKit(AmershamPharmaCia)andaMode1373Aautomatedsequencer(Applied

BioSystems)followingthemanufacturer'sinstructions.Forsequendng,Iusedthesame

primersasthoseusedforamplification.Allsequenceshavebeendepositedin

DDBJ/EMBL/GenBankdatabases(Table13).

Dataanalysis

SequencesforeachregionwereprealignedwithClustalW(Higginsetal.1992>and

thenambiguouslyalignedregionsweremanuallycorrected.AlignmentforallDNA

regionsrequiredtheinclusionoftheseveralindels.Theseindelswerecodedasbinary(Oor

1)andtreatedasthefifthcharacter.

The丘veq)DNAregionssequencedwerecombinedintoasingledatasetbecausethe

chloroplastgenomeisnotsubjecttorecombination.Separatephylogeneticanalyseswere

conductedfortheITS,ETSandcpDNAdatasets.Theresultsofalignmentforeachregion

areavailablefromthefirstauthoruponrequest.

PhylogeneticanalysisandatestofcladesupportwereconductedusingaPAUP★
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(version4.Ob10;Swofford,2002).Ma)dmumparsimonyanalyseswerecarriedoutthrougha

heuristicsearchwithTBRbranchswappingandMULPARSop廿on.Multipleislandsof

equallymostparsimonioustrees(Maddison,1991)weresearchedforusingtheheuristic

optionwith100randomsequenceadditions.Toes亘mateconfidencelevelsofmonophyletic

groups,thebootstrapmethodwith1000replicationswasemployed(Felsenstein,1985).

ToexamineconstancyofevolutionaryrateamongeachlineageofVincetoxicumand

Tylophora,alineagerelative-ratetest(WuandLi,1985)wasemployedtoassessthe

homogeneityofsubstitutionrates.Iconductedallpair-wisecomparisonsof▽incetoxia〃n

andTylophoアausingthreeCynanchumspeciesasreferencetaxa.

Further,toinvestigatethephylogeneticposi廿onsofthespeciesexaminedinthisstudy

amongotheralliedspecies,Iconductedphylogeneticanalysisincludingthesequencesdata

oftrnLintron,'アnL噂trnFintergenicspacerandtheITSregioninLiedeeta1・(2002)・The

sequencesdataoftrnLintron,tアnL-trnFintergenicspacerandtheITSregionofBlyttia

fr`uticulosum,Cynanchumellipticum,Diplostigmaαanescens,Go"iphocaア μ`5physocaアpus,Goydera

somaliense,twospedesofP例 鰯r曜5,Pleurostelmacernuum,5chizostephanu5alatus,18species

ofTylophoアaandfourspeciesofVincetoxici〃nwereobtainedfromDDBJ/EMBL/GenBank

databases.PhylogeneticanalyseswereconductedfortwocpDNA,the皿S,andcombined

cpDNAandrllrDNAdatasetsassamemethodasabove.Theresultsofalignmentforeach

regionareavailablefromthefirstauthoruponrequest.

RESULTS

Variationsamon8seeuencesinVincetoxicum/TylophoraandCynanchurn

IdeterminedsequencesoffiveregionsofcpDNAandthreeregionsofnrDNAfrom

r廿neteentaxaofVince'oxicu〃1,eightofTylophora,andthreeofCynanchum.Thevaria1ゴons

foundamongthesequencesofallsamplesexaminedinthepresentstudyaresummarizedin

Tableユ4.

h丘veregionsincpDNA,thelengthoftheゆFintronwas188basepairs(bp),except

forthesequencesofCynanchumboudieriandC.`aud伽m(200bp).Ifoundoneinformative

indelinthisregionfromtheresultofmultiplealignment.InthetrnGintron,thelengthof

alltaxaexaminedvariedfrom161to164bp.ThisvariationwascausedbythepolyTtracts

inthisregion.Inthe楠Lintron,althoughthelengthwas481bpinallsamplesof

V耽etoxic吻zandT:りlophoアa,thatinCynanchumvariedfrom475to477,andoneinformative

indelwaspresentinthisregion・inthetrn乙 一伽Finterger丘cspacer,althoughallsequences
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ofVincetoxicumwere306bplong,thelengthofsequencesofTylophoraandCynanchum

examinedinthisstUdyvariedfrom297to306bp.Twoinformativeindelswerepresentin

thisregion.Inthepsb.A-trnHintergenicspacer,thelengthofallsequencesofCynanchum

variedfrom450to457bp,andthelengthinTylophoraandVincetoxicumvariedfrom321to

355bp.FromtheresultofmUltiplealignmentofthisregion,therewererelativelylarge

indelsinユ ンZoP'10mandVincetoxicum;Tylophoraj名ponicahadan103bpdeletion,T・floribunda

hadan114bpdele廿on,andtheotherspeciesofTylophoraandallspeciesof▽ 『incetoxicumhad

art121bpdeletioncomparedwithoutgrouptaxaCynan`humspp.Moreover,ambiguously

alignedregionsfrompositions76-87,134-144,380-412,and424-461werefound(Fig・26)・

IntheITSlregioninnrDNA,thelengthvariedfrom248to269bpinalltaxaexamined・

Ifoundrelativelymanylargeindelsinthisregion.Eightinformativeindelswerefoundin

thisregionandadditionalcomplicatedindelsfromposition213to224andfromposi廿on261

to293wereasshowninFig.27.IntheITS2region,thelengthinallspeciesofCynanchum

were339bp,andthoseinTylophoraandVincetoxicumvariedfrom333to341bp.Seven

informativeindelswerefoundandambiguouslyalignedregionsfrompositions113-118and

frompositions164-167wereasshowninFig.27・IntheETSregion,thelengthsofall

examinedt欲avariedfrom300to322bp.Eightinformativeindelswerefoundaswasan

afnbiguouslyalignedregionfromposition222to236showninFig.27.

Phylogenti`anal!ノsis

IusedtwodatasetsforphylogeneticanalysesbasedoncpDNAsequences.First,the

datasetof1410charactersfromacombinationofthefivecpDNAregions,excludingall

indelsandambiguouslyalignedregions,wasanalyzed.Iobtained10mostparsimonious

treesof68stepswithaconsistencyindex(CI)ofO.870,excludingautapomorphies,anda

reten廿onindex(RI)ofO.951.Second,Iaddedthebinarycodeforfourinfo㎜adveindels

found.Phylogenticanalysisusing1414charactersalsoyielded10mostparsimonioustrees

having72stepswithaCIofO・888,excludingautapomorPhies,andanRIofO・875・Astrict

consensustreeofthese,takingthefourinformativeindelsintoconsideration,hasthesame

topologyasthatobtainedbythefirstanalysisandisshowninFig.28A.

Tylophora/aponicawasassistertoallotherspeciesof]rllophoraandVincetoxicum'and

whichwereseparatedintotwoclades,whichIcallCladeIandCladeIIhereafter(Fig・28A)・

EachofthesetwocladeswassupPortedbyarelativelyhighbootstrapvalue(CladeI:81%

andCladeII:86%).CladeIconsistedofseventaxaofTylophora,i・e・,τaristolochioides,τ

brownii,T.floribunda,τmatsu〃zurae,T,o御 加var.brownii,τovatavar・o御 加andT㌃tanakaeand
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threetaxaofVince加xicum,i.eりV.magmfi`um,V.macrophyllu栩andVF.inamoenum.CladeI

hadtwosubclades;oneconsistedofTylo戸horabアoω 擁 ゴ,τovatavar.わ アownii,τovatavar.oτ 】ata,

T.tanakaeandT.matsumuraeandwaswellsupportedbyahighbootstrapvalueof98%,and

theotherconsistedof「Vincetoxict`mma8吻fi'`umandV.macrophylZumandwasalsowell

supPortedbyabootstrapvalueof95%.CladeIIconsistedof16taxaof▽ 冨π`etoxicum,i.e.,V.

katoi,V・yamanakae,V・yonakuniense,V.ausfrokit`sianum,V.pycnostelma/V,ambiguum,y、

nirnvonicum,V.subZanceolatumvar.suhlance・latum,V。sublance・latumvar.macranthum,V.

ゴzuense,V'hoyoense,レ.faponゴcum,V.acuminc～tum,τ ろ`alcareum,vp.amplexicauleandV.atratum,

IusedtwodatasetsforphylogeneticanalysesbasedontheITSregion.First,adata

setof539charactersresultingfromacombinationofrrSlandITS2,excludingallindelsand

ambiguouslyalignedregions,wasanalyzed.Iobtainedonemostparsimonioustreewi由84

steps.TheCI,excludingautapomorphies,wasO.849andtheRIwasO.952.Second,I

added15informativeindelsandobtainedsevenequallyparsimor直oustreeshaving102steps

withaCIofO.845,excludingautapomorphies,andanRIofO953.Thestrictconsensustree

resultingfrombothanalysesisshowninFig.28B.AsinthecpDNAtree,T[りlophora仰onica

wassistertoallothertaxaofTy正ophoraandVincetoxicum,butthiswasnotsupportedwhen

indelinforrnationwasincluded(Fig,28B).AlthoughthemonophylyofCladeIIwasalso

supPortedbyrrSanalyses,CladeIinthecpDNAtreewasnotretrievedinthe皿Streewhen

indelswerebothaddedandexduded(Fig.28B).

IalsousedtwodatasetsfortheanalysesbasedonETSregions.First,analigneddata

matrixwith311charactersoftheETSregion,excludingallindelsandambiguouslyaligned

regions,wasusedfortheanalysis.Iobtained201mostparsimonioustreeshaving72steps

withaCIofO.884,excludingautapomorphies,andanRIofO・966.Second,Iaddedtheeight

informativeindels.Iobtained145equallyparsimor直oustreesha～dng80stepswithaCIof

O,902,excludingautapomorphies,andanRIofO.969.Thestrictconsensustreeresulting

frombothanalysesisshowninFig28CThestrictconsensustreeofthesecondanalysis

hasalmostthesa皿etopologyasthatofthefirstanalysisexceptfortherelationshipofV.

脚gπ 醇cμ η1and▽.macrophyllum-1supportedbya2-bpinsertion(Fig.28C).Aswiththe

q)DNAandrrSregions,themonophylyofCladeIIwasalsosupported(Fig28C).

However,theposidonof肋 吻a1'aponicacouldnotbedetermined,a1舳ghthen㎜berof

i㎡ormativecharactersintheETSregionwasveryIarge(Table14).Moreover,aswiththe

rrSregion,themonophylyofCladeIwasalsonotsupported(Fig.28B).

Combinedanat!ノsisqプnrDユVAandcpDNAdata
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Toassessthecongruencebetweenthetreesbasedondifferentdatasets,the

Mickevich-Farrisincongruenceindex(IMF'MickevichandFarris,1981)wascalculatedfor

eachdataset.ThelengthofthemostparsimonioustreesfortheITS,theETSandthe

combinedwithdatasets,excludingindels,were84,72and156,respectively,andthose

includinginddswere102,80and183,respectively.TheIMFvalueoftheformerdataset

wasOandthatofthelatterwasO・0055,indicatingthatO5%ofthistotalcharacter

incongruenceoriginatedfromcombiningtheITSandETSdatasets・BecauseofthelowIMF

value、Iconductedphylogenticanalysisusingthecombineddatasets.Thecombineddata

oftherrSandETSregionshad850characterswhenindelswereexcluded.Iobtainedthe

fourmostparsimonioustreeswithaCIexcludingautapomorPhiesofO・856andanRIof

O.955.Theresultoftheanalysisindudingindelsyieldedeightequallyparsimonioustrees

withaCI,excludingautapomorphies,ofO.862andanRIofO・957・Thestrictconsensustree

resultingfrombothanalysesisshowninFig29A・AlthoughthepositionsofT・japonicaand

thecladeconsistingofTylo戸horabroωnii,T・ovatavar・broωnii,τovatavar・ovata,T・tanaたae

andT.matsumuraewerenotsupportedwhenindelswereadded,thesisterpositionofV.

yonakunienseinCladeIIwassupportedbythe2bpinsertion(Fig.29A).

ThelengthsofthemostparsimonioustreesforthecombinedrurDNA,thefive

combinedcpDNAregions,andthecombinednrDNAandcpDNA,excludingindels,were

156,68,and229,respectively,andthoseindudingindelswere183,72,and258,respectively.

TheIMFvalueofthefo㎜erdatasetwasO.0218andthatofthela廿erwasO.0116.Aswith

theabove-mentionedITS+ETStree,thesevalueswerealsolow.Thecombineddataof

nrDNAandcpDNAhad2260characterswhenindelswereexcluded.Iobtained52most

parsimonioustreeswithaconsistencyindexCI,excludingautapomorphies,ofO.837andan

RIofO.945.Theanalysisincludingindelsprovidedtheresultsof13mostparsimonious

treeswithaCIexcludingautapomorphiesofO.852andRIofα951.Thestrictconsensustree

resultingfrombothanalysesisshowninFig.29B.Inbothanalyses,Tylophoralaponicawas

locatedsistertoallspeciesofTylophoraandVincetoxicum,whichweresplitintotwoclades

(Fig.29B).

AlthoughtheevolutionaryratesofthefivetaxaofTylophora,i・e・,T・brownii,T・

matsumurae,T、ovatavar.わ アownii,T,ovatavar.o刀 伽andT,tanakae,wereestimatedtobe

higherthanthoseoftheothersamplesintherelativeratetestbasedonthecpDNAand

nrDNA,therewerenosignificar此differencesinevolutionaryratesbetweenCladeIand

CladeII(datanotshown).

PhylogeneticanalysisofVincetoxicumanditsalliedgenera
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IncpDNA,thealignedmatrixofcombinedoftrnLintronandtrnL-trnFintergenic

spacercomprisedof64samplesand793characters.Inthematrix,fourinformativeindels

andeightambiguouslyalignedpoly-nucleotiderepeatswerefound.Theformerswere し
binarycodedandthelatterswereexcludedfromthematrix.Thus,thealignedmatrix

combinedoftrnLintronandtア πL-trnFintergenicspacerinClu.dedatotalof784characters・

Fromtheresultofphylogeneticanalysis,Iobtained3194mostparsimonioustreesof85steps

withaconsistencyindex(CI)ofO704,excludingautapomorphies,andaretentionindex(RI)

ofO.753.

InnrDNA,thealigned皿atrixoftheITSregioncomprisedof64sampleshad764

characters.Inthisregiontwenty一 丘▽earnbiguouslyalignedregionswerefoundandthese

wereallexcludedfromthematrix.Iusedatotalof542charactersforthephylogenetic

analysis.ParsimonyanalysisoftheITSregionresultedinmorethan28000equally

parsimonioustreesof366stepswithaconsistencyindex(CI)ofO.496,excluding

autapomorPhies,andaretentionindex(RI)ofO・445・

ThelengthofthemostparsimonioustreesforthecpDNA.theITSandthecombined

datasets,were85,366and558,respec廿vely.TheIMFvalueofthedatasetwasO・19,

indicatingthat19%ofthistotalcharacterareincongruenceoriginatedfromcombiningthe

q)DNAandITSdatasets.Iused1326charactersforthecombinedanalysisofthecpDNA

andnSregions、ParsimonyanalysisofthecombinedcpDNAandtheITSregionresulted

inmorethan28000equallyparsimonioustreeswithaconsistencyindex(CI)ofO。391,

excludingautapomorphies,andaretentionindex(RI)ofO.561.Thestrictconsensustree

resultingfromtheanalysisisshowninFig.30.ThemonophylyofninetaxaofTylophora,i.e,

T.brownii,T,hirsuta,T.indi`a,T.matsumurae,T.ovatavar.brownii,T.ovatavar.ovata,T・

tanakae,T.villosaandT.yunnanensiswasrecognized(Fig。30).Fortheothersamplesof

TylophoアaandVincetoxicum,althoughseveralmonophyleticgroupswererecogr廿zedinmy

analysis,thesewerealmostidenticalwiththeresultofLiedeetaL(2002).

DISCUSSION

Compaアfsoπsqプ π祝`Zeotidesubstitutionsintheノ 勿 εc戸DNA解gfoπ5,andintheITSandETS

「egtons

AcomparisonofthenumberofinformativesitesinthefiveregionsincpDNAindicates

thatthepsbA-trnHintergenicspacerhasthemostinformativesites(Table14).Althoughthe

82



percentageofinformativesitesinq)DNAindicatedthatthe伽GintronhasahighervaIue

thantheothers・thelengthofthisregionwasveryshort(Table14) .Therefore,thepsbA-'アnH

intergenicspacerappearstobethemostinformativeamongtheregionsexaminedinmy

study.OtherstudieshavealsoconcludedthatthepsbA一 伽Hintergenicspacerisoneofthe

mostusefuiregionsincpDNA(e.9.Chanderbalietal .,2001;UtellietaL,2000),

Althoughthepercentageofphylogeneticallyi㎡ormativesitesamongthreeregionsin

nrDNAwassimilar,theETSregionwasthemostinformativeofthethree(Table14) .hmy

resuIt'however'theETSregionalsocontainedmoreautapomorphiccharactersthantheITS

region・AlthoughtherrSregionhasbeenfrequentlyusedinnrDNA(BaldwinetaL
,1995),

rnyresultindicatesthattheETSregionmaybemoreusefulthantherrSregionin

phyl・gene廿 ・analysesa・p・int・d・utbyBaldwinandM蜘 ・(1998)andClevinge・and

Panero(2000).

Re-examinationofthetaxonomictrea伽 επfqプVin(etoxicum

AllphylogenetictreesindicatedthatsixteentaxaofVincetoxicumformacluster(Clade

II)'stronglysuggestingthatCladeIIismonophyletic(Fig .28,29).Incontrast,fourtaxaof

面sgenu・and・ ・m・t・x・ ・fTyl・ 吻 ・c・n・廿tutedam・n・phyle廿 ・g・・upin(pDNA(Fig .

28A)butcomprisedaparaphyleticassemblageinnrDNA(Fig .28B,C).V耽8伽 加 而s

morphologicallydistingUishedffomTylo助orabasedoncoronamorphologyandorientation

ofpollir江a(Lietal.,1995).WhilethecoronalobesofV加cε 伽 加 加areinsertedatthebaseof

g}mostegtumanditspolliniaareinapendUlousposition,coronalobesofTylo吻aare

insertedonthebacksofanthers,andthepositionofitspollir丘arangesfromhorizontalto

erect(LietaL,1995).However,thedelimitationofthesetwogenerabasedonthe

differencesofpollir直aorientationandcoronastructurewasnotsupportedbymyresults .

MyresultssupportthesuggestionofLiedeetaL(2002)thatI珈c8'面c麗 班andTylophorabe

lumpedtogether.

P吻Zo98π 顔`po5痂oπqプEastAsianVincetoxicumanditsalliedgenera

Intheresultofphylogenticre-analysisincludingthesequencesofLiedeetaL(2002) ,

thetreetopologieswerealmostidenticalwiththeirresult ,exceptforthepositionofT.

apiculata.ThreeAfricanTylophoracladesandtwoAsianTylophoracladeswerealso

recognized.Atleast,tWolineageswithlowsupportarerecognizedinVincetoxicum .One

isfiveVincetoxicumspeciesandthesewereconsistedofmonophyleticcladewitheleven
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AsiantaxaofTylophora(Fig.30:CladeA).TheCladeIrecognizedfrommyanalysis(Fig.

28)wasincludedinthisclade。Theo出erisremair血gsixteenspeciesofV魏`etoxicumand

mostofthemmighthavebeendiversi丘edinAsia.AlthoughthemonophylyoffifteenEast

Asian「Vincetoxici〃 πspedeswerestronglysupportedfrommycpDNA,nrDNAand

combinedanalysis(Fig28,29),Icouldnotsolvetherelationshipsbetweenothergenerain

thisadditionalanalysis(Fig.30:CladeB).ThiswasduetoinsufficientvariationsintrnL

intronand'アnL-FintergenicspacerandmanyambiguouslyalignedregionsinITS.To

elucidatephylogeneticpositionsofremamingsixteenspeciesofVincetoxicum,further

phylogeneticinformationisneeded・

LiedeetaL(2002)concludedthatthemostofthesemonophyleticunitsarecomposed

Iargelyofspeciesofclosegeographicdistributionandthesegeographicgroupsveryrapidly

evolvedfromaco㎜on,possiblywidelydistributed,ancestor.Myresultalsosupports

theirconclusionfortheevolutionofTylophora一 レ'incetoxicumcomplex,becausemonophylyof

thefifteenVincetoxicumspecieswerestronglysuggestedfrommyresults.

Evol"tionaryhistoriesofVincetoxicum

MyphylogeneticresultsshowedadivisionofseventaxaofTylophoraandnineteentaxa

of▽incetoxicumintotwogroups,i・e.CladeIandCladeII・ThespeciesinCladeIIare

morphologicallydiverseandeasilydis廿nguishedfromeachotherbymorphological

characterssuchasflowercolor.leafshape,coronashapeandlengthofinflorescence

(Yarnazaki,1993;ChapterIV),However,theintra-cladegeneticdifferentiationofCladeII

wassmall,whereasrelativelymanynucleotidesubstitutionswereobservedinCladeI.The

followingtwocausesarepossibleforthisdiscrepancy.Oneisthataftertheancestral

spedesofCladeIIdivergedfromtheirdoserelatives,七helineagemayhavebeenundergone

arapidradiation.Theotheristhataslowdownintheaccumuユationofmutationsoccurred

inthelineageleadingtothesespedes(HodgesandArnold,1994),Asmentionedabove,

however,therewasnosignificantdifferenceinevolutionaryratesbetweenCladeIandClade

IIintherelativeratetestbasedonbothcpDNAandnrDNA,exceptfor丘vetaxaofTylophora,

i.e.,T.brozvnii,T.matsumurae,T.ovatavar.brownii,T.ozアatavar.ovata,andT.tanakae.

Therefore,themutationslowdownhypothesisisnotavalidargumentinthislineage.

Mostexamplesofrapidradiationinplantgroupshavebeenreportedonoceanic

islandssuchastheHawaiiIslandsortheCanaryIslands(e.g.Baldwin,1997;Okadaetalワ

1997;Frandsco-Ortegaeta1.,1997).However,thereareafewreportsofrapidradiationfor

continentalplantspecies(HodgesandArnold,1994;Utellietal.,2000;Solivaetal.,2001;

84



Malcomber,2002).Inthecaseofplantsonocearicislands,rapidradiationwas

hypothesizedtohavebeendrivenbyIowlevelsofcompetitioninnewhabitats(Liem,1990),

Thecompetitionbasedhypothesiscanalsoapplytoexplaintherapidradiationin

continentalplantsinEuropeandNorthAmericawhichexpandedrapidlyafterglacialera

(Hewitt,2000)・ThemostspeciesconsistofCladell,however、mighthavebeendiversi丘ed

insouthtomiddleChinaandIapanandtheseareaisthoughttohavenotcoveredbyIce

sheets(KameiandResearchGroupfortheBiogeographyfromWUrmGlacial
,1988).Thusit

isdifficulttoapplycompetitionbasedhypothesisfortheseplants .Theotherhypothesisis

theconceptofkeyinnovationsthathasbeenemployedtoexplaintherapidradiationofa

lineage(Liem'1990;HodgesandArnold,1994;Malcomber
,2002).Althoughmostspeciesin

CladeIhavetinyflowers、thespeciesofCladeIIhaveIargerandmorenectariferousones.

Moreover,pollinatorsinCladeIwereconsiderablydifferentfromthoseofCladeII;whereas

thespeCiesinCladeIwerepollinatedbysmalldipterasuchasEmpidaeandSciaridae ,those

ofCladeIIwerepollinatedbyvariousinsectssuchasDiptera ,Hymenopteraand

Lepidoptera(ChapterIV)・Theseobserva廿onssuggestthattheinteractionsofpollinators

andtheplantsmayhaveacceleratedmorphologicalradiationinthespeciesofCladeH.A

similarsituationwasreportedforAquilegta(Ranunculaceae),inwhichrapidradiationwas

foundtohavebeerldrivenbytheevolutionofanectarspur.whichenabledaIineageto

attractspecificpollinatorsandpromotedreproductiveisoIation(HodgesandArnold,1994,

1995).
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Table12.Listoftaxaandsourcesofplantmaterials.HerbariumacronymsfollowIndex

HerbariorumpartI(Holmgrenetal.1990).

Taxon Localities Collectors,丘ldno.&vouchers★

CynanchumboudieriH・L6v・&Var直ot

C・`audatum(Miq.)Maxim・

C謝 ヶbr顧(Ma)dm,)HemsL

Tylophoraarゴ5'olo面ofゴ8sMiq・

τ・browniiHayata

1「.プ70アibunda晒q.

T・ ノaponたaMiq・

τ.matsumurae(T.Yamaz.)T.Yamash,

&Y.Tateishi

τ.ovata(hndl.)Hook.exSteud,

var.brownii(Hayata)Tsiang&P.T.Li

var.ovata

T.tanakOeMaxim,

Vincetoxi`umacuminatumDecne。

V・ambiguumMax㎞ ・

Vア・amplexicau'8Sieb・&Zucc・

レ.atratum(Bunge)Morr。&Decne.

V.austrokiusianum(Koidz.)Kitag.

レ.`alcareum(H.Ohashi)Akasawa

レ.inamoenumMax㎞.

レ.izuenseT.Yamash.

y、hoyoenseT.Yamash.

レ・ノaponicumMorr・&Decne・

vp.kOtoi(Oh輌)Kitag.

V「.macrophy'tumSieb・&Zucc・-1

y・ma`rophyllunISieb・&Zucc・-2

y.magnip'`um(Naki)Kitag.

V.nipPonicum(Matsum.)Kitag.-l

V.nip戸onicum(Mats㎜.)Kitag.-2

y.py`nostelmaKitag・

V.sublanceolatum(Miq,)Maxim・

var.sublanceolatum

var.macアanthumMax㎞.

V.yamanakae(Ohwi&H.Ohashi)

H.Ohashi

Japan:KagoshimaPref・,AmamiIsl.

Japan:MlyagiPref.Kakuda

Japan:MiyagiPref.,Ogatsu

∫apan:MiyagiPref.,Kakuda

Taiwan:LudaoIsl.

Iapan=AidhiPref.,Shinshiro

∫apan:0㎞awaPref・,Nakijin

∫apan:0㎞awaPref.,Oma

Taiwan:TaipeiCo・

China:HongKong.

Iapan:0㎞awaPref・,Itoman

Japan:GunmaPref.,Mts.Haruna-san

Japan:MiyazakiPref.,Miyaza]d

Iapan:MiyazakiPref.,Takaoka

Iapan:NagasakiPref.,Hirado

∫apan:MlyazakiPref・,ToiCape

∫apan:KochiPre丘,Mt.Ishidate-yama

Japan:HokkaidoPref.,Bihoro

∫apan:ShizuokaPref・,Shimoda

Iapan:OhitaPref,TsurumiCape

∫apan:Ai(:hiPref・.lragoCape

∫apan:ShizuokaPref・,Fukuroi

∫apan:NagasakiPref.Mts.Tara-dake

∫apan:TochigiPrefサNikko

Japan:皿)aragipref・,Kitaibaragi

∫apan:FUkushimaPref.,Shirakawa

Japan二HyogoPref・,Yashiro

∫apan:AidhiPref.,Shinshiro

Japan:Ai〔hiPre£,Shinshiro

Japan:MiyagiPref.,Mt.iZumigatake.

Japan:Ko(ihiPref・,Kagami

Y.T.&T.Y.45546

T,Y,&A.Y.7578

T.Y.&A.Y.7228

T.Y.&A.Y.7580

S.M,s.n.

T。Y,3937

T.Y.3737

Y.T.&T,Y.45144

T.Y.4092

T.Y.4118

T.Y.4003

T.Y.&A,Y.7469

T。Y.&A.Y.7320

T.Y.&A.Y.7234

T.Y.&A.Y.7453

T.Y.&A.Y.7786

T.Y.&A.Y.7199

T.Y.8227

T.Y.&A,Y.7435

T.Y.&A.Y.7447

T.Y.3853

T.Y.&A,Y.7181

T.Y.&A,Y.7457

T.Y.&A,Y.7216

T.Y.&A,Y.8239

T.Y.&A.Y.7571

T.Y.&A.Y.7458

T.Y.3911

T.Y.4183

T.Y.&A.Y.7536

T.Y.&A.Y.7189

URO

TUS

TUS

TUS

URO

URO

URO

URO

O

S

O

S

S

S

S

S

S

S

S

S

O

S

皿

四

皿

四

囮

四

四

四

四

田

四

四

皿

四

S

C
」

U

U

T

T

S

S

S

O

U

U

U

R

T

T

T

U

URO

TUS

TUS
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V.yonakuniense(Hats.)T.Yamash.

&Y.Tateishi

Table12.continued

Japan:0㎞awaPref.,YonaguniIsL T.Y.&S,U.4188 URO

'=S
.M.;Matsumura,S.,S.U.;Ujiie,S.,T.Y.;Yamashiro,T.,Y.A.∫Yamashiro,A.;Y.T.;Tateishi,Y.
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Table14・Comparisonofphylogeneticinformationfromvariablesitesforthreeintrons,i.e.,

atpF,trnGandtrnL,twointergenicspacers,i.eソtrnL-trnFandpsb .A-trnHincpDNA,and

rrSandETSinnrDNA.

Regions Length(bp) NumberofN㎜berofPercentageof

variablesitesinformativesitesinformativesites

Nurnberof

informativeindels

atpFintron

trnGintron

trnLintron

trnL-trnl「

psbA-trnH

rrsl

rrs2

ETS

188-200

161-163

475-481

267-307

3n-457

248-269

334-341

314-322

【
」

5

〆
0
・

Ω
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-
↓

4

8

8

1

2

3

3

5

7

2

3

0

2

6

5

8

1

2

2

3

50.0

75.0

62.5

53.3

68,0

61.1

60.5

58.8

1

0

1

2

0

8

7

8
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Fig.30.StrictconsensustreesofcombinedcpDNAand皿SregionforBlyttiafruticulosum
.four

Cynanchumspecies,Diplo5tigmacanescens,Godyerasomalien5e ,Gompho`aηpusphysocarpus,two

Pentatr・pis・pede・'Pl・u耐 伽`徽 既5砺z・stePhanu・alatus,21Vincet・ 加 栩 ・pecie・
,and25

T夕lophoraspedes・Numbersabovebranchesindicatebootstrapvaluesabove50%forthe

analysis・BlackandwhitearrowheadsindicatecladesnotretrievedfromcpDNAdataanalysis

andITSdataanalysis,respeCtively.Taxafollowedbyanasterisk(★)weremonophyletically

supportedfromITSdataaloneanddoubleasteriskswere(★ ★)fromcpDNAdataalone .
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CHAPTERVII.EVOLUTIONARYl1RENDSOFJAPANESEVINCETOXICUM

FromtheresultofchapterVI,twolineages,Le.,CladeIandCladeII,wererecognized

inJapaneseVincetoxicum.Inparticular,ユ5VincetoxicumspeciesinCladeIImighthavebeen

undergonerapidradiation(ChapterVI).Polyploidycombinedwithhybridizationhas

exertedamajorinfluenceontheevolutionofhigherplants(Stebbins,ユ971)andconsideredto

playoneofthemajorrolesforraisingspeciesdiversitiesofcertaingenerainJapaneseplants

(e.g.Trillium:Kurabayashi.1957;Pendranthema:Nakataetal.,1987).However,onlythree

taxaof15▽iπcetoxicumspeciesinCladeIIhadtetraploidof2n=44andtheothershaddiploid

of2n=22(chapterIII),suggestingthatpolyploidyorhybridizationisnotmajorcausesof

rapidradiationinCladeII.

Inthischapter,Ifurtherdiscussevolutionaryprocesses,especiallytheprocessofthe

rapidradiationofCladeII,byintegratingtheresultsofflowermorphology,pollinator

observationandphylogeneticanalysis.Theevolutionarypatternsofrnorphologyandthe

evolutionofpollinationsystemswereinvestigatedbyoverlayingtheappropriate

morphologicalandecologicalcharactersontothemolecularphylogenetictreederivedfrom

theresultofchapterVIwithMacClade4.02(MaddisonandMaddison,2000).

Pollinat{ons!〆stem

Thephylogeneticdistributionofpollinatortypesononeofthemostparsimonioustrees

derivedfrommolecularphylogeneticanalysisbasedonthesequenceofcpDNAandnrDNA

areshowninFig.31.CynanchumeaudatumhasgeneralizedpollinationandC.初 岬)rdiihas

specializedwasppollination(seeChapterIV>.ThebasalconditioninTylophora-

V耽 ε嫌 加 アπcomplexappearstobedipteranpollina廿on.ThemostofallspeciesinCladeI

werepollinatedexclusivelybyDipterasuchasmosquitoesand且ies,althoughsix

V勿`etoxicumspeciesinCladeIIwerealsopollinatedbytheotherinsectsorders.InCladeII,

mothpollinationisconvergentlyarisenatIeastthreetimes.Autogamyhasevolvedatonce

inCladeI.

Floraltraits

Theresultsofevolutionaryanalysesoffourfloralcharacters,i.e.,corollacolor,tubeof

corolla.coronatypesandlengthofguiderail,areshowninFig.32.Darkpurplishcorollais

dominatedinTylophora-1!incetoxicumcomplexandisconsideredasaprimitivecondition.In
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CladeII,yellowishwhiteorwhitishflowersarearisenatleastthreetimes,andatleasttwice

inCladeLFourmoth-pollinatedVincetoxicumspecieshavewhitishoryellowishwhite

flowers,althoughnotallwhitishoryellowishwhiteflowersspeciesaremoth-pollinated.

TheinterstaminalpartsofcoronaandtubestructUreofthecorollaaresharedtwomoth

pollinationspecies,althoughthesetraitsaresharedalsowithdipteranpollinatedspecies・

ThisresultsuggestedthatspeciespollinatedbyDipteraandmothhasverysimilarbasic

morphologies.Themostprominentcharactersharedbyfourmoth-pollinatedspecjesis

relativelylongguiderail.Therefore,thischaracterseemstoplayanimportantrolefor

switchingtomothpollination.

Pアoσ855qr凱 戸idradiatio"伽15Vincetoxicum5戸8`{ε5

Therapidradiationof15Vincetoxi`umspeciesinCladeIIrr丘ghthave』beencausedbya

keyinnovationratherthanbyinvasionofnewlyformedhabitatwithfewcompetingspecies.

ThespeciesinCladeIIaredifferentfromtheircloserelatives(CladeI)intheirmodesof

pollination.

TheJapaneseflorahasconsideredtobederivedbyinvasionsofplants仕omthe

EurasianorAsiancontinentsviaSakhalin,theKurilislands,theKoreanpeninsula.andthe

Ryukyuislandsthroughoutpastgeologicalepoch(Hotta,1974;Maekawa,1998;Fujii,2003).

TenVincetoxicumspeciesinCIadeIIareendemictoJapanandrnighthaveorigjnatedor

differentiatedin∫apa血.OtherfiveVincetoxicumspeciesinCIadeIL▽ 「incetoxicum

acuminatum,V.atratum,▽lamplexicaule,V.nipPoni`umandV・pycnostelma,distributemore

widegeographicrange.MostofthesespeciesmighthavemigratedfromMiddleorSouth

ChinaviaKoreaorRyukyuIslandstoSoutheastIapanandexpandeditsdistributionarea.

Apossiblehypothesisfortheprocessofrapidradiationin▽incetoxicumisasfollows.

Thewidelyspreadandancestralspeciespartitionedtheirdistri-butionareasandadaptedto

variousenvironments,includingfores田oor(V.acuminatum,V.calcareum,V・katoi,V・

yamanakae),edgesofforest(レ1austrokiusianum,V.yonakunien5の,sunnymeadows(V,

amplexicaule,V㌃ 伽'麗 餌,V.pycπ ・stetmの,marsh(V.ambなuum,V.吻 戸・nicum,V・

stiblanceolatum),androckybeach(τ ろhoyoense,V.izuense,V,iaponicum).Then,theyadapted

tolocaldominantpollinators,suchasmoths,andeachpopulationhasisolated.Inthese

▽incetoxicumspecies,aswitchfromdipterantomothpollinationmayrequireonlyslight

changes,forexarnpleguideraillength.Theseadaptationstodifferenthabitatsanddifferent

pollinationmodesmighthaveproducedrapidmorphologicaldiversityinCladeII.
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