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AbstractAnatomicallywell-preservedpermineralizedseedsofanewspecies，Decodo〃ノ"Csα"？ｗｅﾉzsfssp・nov．

(Lythraceae),wereobtainedfromthelateMiddleMioceneShimokawaGroup,Shimokawa,centralHokkaido，

Japan・Basedontheseedshapeandthreewell-developedintegumentaryzolles,thefossilseedswerecompared

withfossilandextanttaxaandwerefounｄｔｏｍｏｓｔｃｌｏｓｅｌｙｒｅｓｅｍｂｌｅｔｈｏｓｅｏｆｔheonlyextantspecies,Decodb〃

”fic"&z“,whichisrestrictedtothesubtropicalandtemperateregionsofeastemNorthAmerica・Acladistic

analysisusingsevenseedcharactersofthefossilandlivingrepresentativesofDecodk)〃indicatethatD．

？"0sα"”蛇"sjsismostcloselyrelatedtotheextantD．ｚﾉe'櫛c"わ“・TheoccurrｅｎｃｅｏｆＤ．”２０”"》we"sisin

lacustrinesediments,togetherwithG妙/0s/”6"s,Ａﾉ”s，ＯＳ'”"dtz，andplantscommonlygrowinginmesic

habitats,providescompellingevidencethatthisspeciesgrewinwetlandsassociatedwithalakeandrepresents

partofafairlyautochthonousflora・Basedonthedistributionpattemsoffossilrepresentativesofthegenus，

itappearsthatDecodo”migratedfromwestemNorthAmericaintoEuropeviathemoresouthemNorthAtlantic

ThulianroutesometimepriortolateEoceneByOligocene,thegenushadbecomewidelydistributedthrough、

outeasternSiberia、ItappearｓｔｈａｔＤ､柳0sα"'we"szsprobablyevolvedfromtheNorthAmericanpopulationand

migratedintonorthemJapanthroughBeringianCorridorsometimepriortotheMiocene・

ＫｅｙＷｏｒｄｓ：Biogeography，Decodo”〃２０s”"we"sjs，Hokkaido,LateMiddleMiocene，Permineralizedseed

要旨北海道中部下川町の下川眉群（中部中新統上部）から産出した珪化種子化石の内部構造を観察した。この珪

化種子は，よく発達した３層の珠皮を持つことから，現在北米東部に１種類だけが分布するデコドン属(ミソハギ科）

に同定され，新種Decodb〃〃?Oszz"'weﾉZsjSとして記載された。他のデコドン属の化石種子や現生種の種子とともに，

７つの形質を使って系統解析を行った結果，現生種のDgcOdO〃ｚﾉe"た"kz"《sに最も近縁であることがわかった。

湖沼堆積物でスイショウ属，ハンノキ属，ゼンマイ属といった水湿地の植物とともに化石が産出することから，

Ｄ・加oszz”we"sjsは湖の縁辺の湿地に生育していたと考えられる。化石記録から見てみると，北大西洋のチュリアン

ルートを通ってデコドン属は始新世後期までに北米西部からヨーロッパへと分布が移動し，漸新世から中新世にかけ

て東シベリアまで分布が広がった。，．，"0sα"河蛇"sjSは北米西部の種から分化してベーリング陸橋を通じて北日本

に分布を拡大してきたと考えられる。

キーワード：珪化種子，生物地理，中期中新世後期，デコドン・モサンルエンシス，北海道
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Introduction

Permineralizedfossilplantspreviouslydescribed

fromthelateMiddleMioceneShimokawaGroup

depositsinShimokawaTown，centralHokkaido，

JapanincludeleavesofPiceaDietrich(Ｍａｔｓｕｍｏｔｏｅｊ

ａﾉ.,1994)ａｎｄ乃昭α(Endlicher)Carriere(Matsumoto

e／α/､，1995)，ａｎｄfertileandvegetativeorgansof

G卯わs"61MsEndlicher(Matsumotoααﾉ.,1997)．In

additiontotheseconiferssilicifiedstems，seeds，

flowers,ｌｅａｖｅｓａｎｄｗｏｏｄｏｆａｎｕｍｂｅｒｏｆｕｎｄｅｓｃribed

angiospermtaxahavebeencollected

ThegenusDecodb”ismonotypic，consistsofD．

zﾉeγ/た"”z《s(L､)Ｅ11.,andisdistributedfromOntarioto

centralFlorida，Ｕ､Ｓ､Ａ・ineasternNorthAmerica

(Ｂｒitton＆Brown，１９７０；Manchester，1994)．It

occursasasubmergedaquaticplantinswampsand

riverswhereclimateissubtropicalandtemperate・In

colltrasttothenarrowrangeofdistributionseen

today,fossilDecodo'zwaswidelydistributedthrough．

outthenorthernhemisphereduringtheTertiary(Tiff．

､ey,1981)．

FossilremainsofDecodひれhavebeenrecovered

fromMiddleEocenetoPliocenedepositsthroughout

EurasiaandwestemNorthAmerica（Sahni，1943；

Ｃhandler,1960,1963；Dorofeev1l963，1968,1969,1972,

1977；Graham＆Graham，１９７１；Eyde,１９７２；Wolfe＆

Tanai，１９８０；Tiffney,１９８１；Cevallos-Ferriz＆Stock‐

ey，１９８８；Manchester，1994)．However，inalmost

everycasethesereportsarebasedoncompression

fossils，ａｎｄｄｅｔａｉｌｓｏｆｔｈｅｉｒａｎａｔｏｍｙａｒｅｕ､known・

Theonlyanatomicalpreservedfossｉｌｓａｒｅｔｈｏｓｅｏｆ

Ｄｇｃ”0〃αノル"bye"s商Cevallos-FerrizetStockey

(1988）fromtheMiddleEocenePrincetonchertof

southemBritishColumbia，Canada（Cevallos-Ferriz

＆Stockey，1988)．TheDeco伽卸fossilsfromHok・

kaidoaresignificant,fortheyarethefirstanatomical、

lypreservedangiospermseedsdescribedfromthe

TertiaryofJapanandprovideadditionaldataonthe

ＴｈｅｓｔｕｄｙｓｉｔｅｉｎＳｈｉｍｏｋａｗａＴｏｗｎ
Ｂｒｏkenlinesandarrowshowingthedistributionofsilicifiedmudstonesand

solidlinesshowingthelocationsofcolumnarsectionsPO-1，ＰＯ－２ａｎｄＰＯ－３
ｓｈｏｗｎｉｎＦｉｇ、２．Asteriskshowingltoge-no-taki（localityPO-1）wherethe
plantmegafossilswerecollectedMapmodifiedfromtheShimokawatopo、
graphicalmappublishedbyGeographicalSurveylnstitute,MinistryofConstruc‐
tionofJapan．
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evolutionandbiogeographichistoｒｙｏｆｔｈｅｇｅｎｕｓ． ＰＯ－３
ＰＯ－２
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Ｓ１

Ｇｅｏｌｏｇｙｏｆｔｈｅｓｔｕｄｙａｒｅａ

ＴｈｅｓｔｕｄｙａｒｅａｉｓｌｏｃａｔｅｄｎｅａｒｔｈｅｔｏｗｎｏｆＳｈｉｍｏ‐

ｋａｗａ，ａｂｏｕｔｌ５ｋｍｅａｓｔｏｆＮａｙｏｒｏＣｉｔｙ，Kamikawa

District,centralHokkaido,Japan（Fig.１)．Geology

oftheareahasbeenstudiedｂｙＳａｋｏ＆Osanai(1955)，

Sakog／αﾉ．（1960)，Suzuki＆Matsui（1975）and

Yamaguchie／α/､（1990)．

ＳｅｄｉｍｅｎｔｓｏｆｔｈｅＳｈｉｍｏｋａｗａＧｒｏｕｐｒｅstuncon‐

formablyonthepre-TertiaryHidakaGroupandare

unconformablyoverlainbyPlioceneandQuatemary

sedimentaryorvolcanicdepositsTheShimokawa

Groupcoversanareaapproxiｍａｔｅｌｙ６００ｋｍ２，and

reachesathicknessof500-600m・Ｉｎｔｈｅｅａｓｔｅｒｎｐａｒｔ

ｏｆＳｈｉｍokawaTownwherethefossiliferousDcco‘o7z

bearingbedsoccur，theShimokawaGroupisdivided

intothreeunits：thebasalvolcanics，theMosanru

Formation,andtheuppervolcanics，intheascending

order・Thebasalvolcanicsareabout60mthickand

consistofweldedtuffsandpyroclasticflows、Ｔｈｅ

MosanruFormationconsistsofabouｔ２００ｍｏｆｉｎｔｅｒ‐

beddedconglomerate，sandstone，tuffaceousmud

stone，andvolcanicfallandflowdeposits・Ｔｈｅｇｅｏ‐

graphicextentoftheMosanruFormationcorresponds

roughlytoalow-gravityareaBougueranomaly

(Yamaguchie/α/､，1990）andindicatesthatthemud

stonerepresentslacustrinedepoｓｉｔｓｉｎａｌａｋｅ（Ｍａ‐

tsumotoe／αﾉ.，1997)．Thetuffaceousmudstoneis

regionallysilicified，hydrothermalaltered，ａｎｄｃｏｎ‐

tainswell-preservedpermineralizedfossilplants、

Ｔｈｅｕｐｐｅｒｍｏｓｔ３００ｍｏｆｒｏｃｋｉｓｒｈｙｏｌｉticandbelongs

totheuppervolcaniＣｓ・Asimilarstratigraphicsuc‐

cessionoccursinthesouthernandwesternpartsof

ShimokａｗａＴｏｗｎ(Sako＆Osanai,１９５５；Ｓａｋｏｅ／α/､，

１９６０；Suzuki＆Matsui,1975)．

RadiometricagesbasedonfissiontｒａｃｋａｎｄＫ－Ａｒ

ａｎａｌｙｓｅｓｏｆｔｈｅｂａｓａｌｖolcanicsprovideanagerange

ofllaｎｄｌ３Ｍａ，whilethoseofuppervolcanicsl･aｎｇｅ

ｆｒｏｍｌＯａｎｄｌ２Ｍａ（Matsumotoαα/､，1997)．These

dataindicatethattheMosanruFormationwasde

positedduringthelateMiddleMiocene．
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ＯｃｃｕｒｒｅｎｃｅａＩ１ｄｔａｐｈｏｎｏｍｙｏｆｐｌａｎtfossils

Fivesilicifiedmudstonelayers(Soo,SOl,Ｓｌ,Ｓ２ａｎｄ

Ｓ３）andtwoagatemudstonelayers（ＡｌａｎｄＡ２）ａｒｅ

observedatlocalitiesPO-l，ＰＯ－２ａｎｄＰＯ－３（Figs､１，

２)．ThesilicifiedlayersareO,3-2mthickandextend

laterallyover4,５ｋｍ（Fig.１)．TheSllayerconsists

largelyofchalcedonicquarts-replacedmudstoneand

includesabundantanatomicallywell-preservedplant

remains(Figs､４Ａ,Ｂ)．ThefossilDeco'０”seedswere

collectedfromthislayeｒｗｈｉｃｈｏｃｃｕｒｓｉｎｔｈｅｍｉｄｄｌｅ

ｐａｒｔｏｆｔheMosanruFormationandcropsoutat

ltoge-no-taki，asmallwaterfallonthePonmosanru

River(alsocalledRubenoSawaillMatsumoｔｏ“αﾉ.，

1994,1995)，atributaryoftheNayoroRiverinthe

easternpartofShimokawaTown(ＰＯ－ｌｉｎＦｉｇｓ,1-3)．

InthisareatheMosanruFormationconsistsofmainly

Fi宮．２Columnarsectionsofthelacustrinedepositsin

theMosanruFormationｓｈｏｗｉｎｇｔｈｅｈｏｒｉｚｏｎ

ｗｈｅｒｅｔｈｅｐｌａｎｔfossilswerecollected

SOO-S3：silicifiedtuffaceousmudstonelayers・

Ａ１ａｎｄＡ２：agatizedmudstonelayers．

Sｏｏ
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Fig.３ＳｔｕｄｙｓｉｔｅａｔＰＯ－１,Itoge-no-taki

A：silicifiedlayersA1andS1．Ｂ：bottomofthesilicifiedmudstonelayerSL

Ｆｉｇ．４ThinsectionsofDgco”冗加Osa7z7Wg"szssp､nov・ｓｅｅｄｓ

Ａ：，.”zosα""〈g"sjs(arrowｌ）associatedwithOs”"2”rhizomes(arl･ｏｗ２)ｆｒｏｍｔｈｅＳ１

１ayer(No.9408140)．Ｂ：，.”zosa7z?呪g"s応(arrowl)associatedwithanAﾉ”scone(arrow
２)fromtheS11ayel･(No.950714F)．Scalebars：Ａ＝１ｍｍ,Ｂ＝１ｃｍ．

lacustrinesedimentswhichareoftensilicifiedor

agatizedandincludescyclesofupwardfining

sequencesbeginningwithaconglomeratethatis

cappedwithmassivetuffaceousmudstone（Fig.２)．

LayersSOO,Ｓ01,Ｓ2,andS3containmanycompressed

plantfragments,buttheiranatomicalfeaturesarenot

preserved・Theagatizedmudstonelayers，Ａ１ａｎｄ

Ａ２，ｏｃｃｕｒｉｎｔｈｅｕｐｐｅｒｐａｒｔｏｆｔｈｅｕｐｗａｒｄfining

sequencesandcontainonlypollengrainsandspores・

Thegrainsizeofthesemudstonesisveryfine,indicat‐

ingthattheywereprobablydepositedastopmost

supernatantinslightlydeepwater・

Dgco伽7zseedsoccurtogetherwiththefertileand

veRetativeremainsofG妙jfosかり6"ｓγ"69"osaz0ae7zsis

Matsumoto,Ohsawa,Nishida＆Nishida，ＯＳ"”2”L

rhizomes，ａｎｄＡ伽ｚｊｓＰ，Millerinfructescens（Ｍａ‐

tsumotoeﾒα/､,1997;Fig.４)．Thesefossilsshowlittle

distortionandnoapparentdecomposition、Basedon

thelargenumberoffossils，lackofabrasion，and

apparentnatureoftheOs"""z”rhizomes,wesuggest

thatthisfossilassemblageisrelativelyautochthonous

andrepresentsthefloragrowinginandaroundalake

Microscopicobservationsofthin-sectionedrocks

showthetexturesofthewell-preservedplantfrag‐

mentsNumerousquartznetworkveinssurroundthe

plantfragmentskeepingtheirstructure(Matsumoto

ααﾉ.，1997)．Thelackofdecompositionanddefor‐

mationoftissuesatthecellularlevelindicatesthat



Pe両nineralizedDecodひ〃（Lythraceae)seedsfromtheMiddleMioceneofHokkaido（Matsumoto,Ｍ・〆αﾉ.）５７

theplantremainswererapidlypermineralizedin

volcanicallyheatedsilica-richwater．

Materialandmethods

ThefossilDgcodb”seedswereobtainedfromfour

rocksamples（Ｎｏ．903001,903005,94081405,ａｎｄ

950714)thatwerecollectedfromtheSllayer,locality

PO-1byMr・IsekichiNakauchiandtheauthorsfrom

thePonmosanruRiverriverbed（Figs・’-3)．The

rockswereveryfossiliferous，containingmorethan

fiftysmalldispersedseedsofDgcodひれeach、The

rockswerecutintoslabsabout2cmthickandwere

studiedusingthecelluloseacetatepeeltechniqueas

modifiedforsilicificationsusinghydrofluoricacid

(Joyαα/､,１９５６；Basinge＆Rothwell,１９７７；Basinger，

1981)．ThepeelsweremountedinCanadaBalsam

forlightmicroscopy・

Seedsoftheextantspecies，，．ｚﾉgγ/な"jalWs，were

providedbyDr.Ｂ,Ｈ・Tiffneywhichheobtainedfrom

herbariumspecimensoftheL．Ｈ・BaileyHerbarium，

CornellUniversity，Ｕ,Ｓ､Ａ､，Ｄｒ・IIideakiOhba，The

UniversityMuseum,UniversityｏｆTokyo,Japan,ａｎｄ

Ｄｒ､BarbaraErtter，Herbarium,UniversityofCalifor、

nia，Ｕ,Ｓ､Ａ・Theseedswereairdried，embeddedin

paraffine，andsectionedwitharotarymicrotoｍｅｔｏ

ｌ２－２０鰹ｍ・ＡｌlspecimensarehousedintheLabora‐

toryofPaleontology，DepartmentofEarthSciences，

FacultyofScience,ChibａUniversity．

Systematictreatment

Class：Dicotyledoneae

Order：Myrtales

Family：Lythraceae

Genus：DecodりれGmelin,』.Ｆ､,l823

Species：Decodb伽加0sα〃'ｗｅ"sjsMatsumoto，

Momohara，Ｏｈｓａｗａ＆Ｓｈｏｙａｓｐｎｏｖ、

Holotype､SpecimenNo､94081405S-l（Figs､６Ａ,Ｃ,Ｄ）

Paratypes､SpecimensNo､94081405Ａ－１(ＦｉｇＳ６Ｂ,７Ａ)，

940814050-1（Ｆｉｇ．７C)，94081405S-７（Figs、９Ａ，

Ｂ),950714Ｂ－ｌ（Fig.９E）

Horizon，LayerSl，MosanruFormationShimokawa

Group，lateMiddleMiocene

Locality・ＰＯ－ｌｉｎｔｈｅｒｉｖｅｒｂｅｄｏｆｔｈｅＰｏｎｍｏｓａｎru

River，ＳｈｉｍｏｋａｗａＴｏｗｎ，KamikawaDistrict，

centralHokkaido,Japan

Depository､LaboratoryofPaleontology，Department

ofEarthSciences，FacultyofScience，Chiba

University

Diagnosis、Seedsanatropous，wingless，ob-pyrami‐

dalcornersslightlyangular，outersurfaceslightly

rugoseincrosssection(Figs､５Ａ,６，７，９)．Micropylar

endnarrow;chalazalendbroaderinlongitudinalsec‐

tion(Figs､５Ｂ,８).Integumentcomposedofthreezones；

outerzoneoftheintegumentconsistingofrectangular

cells,８－１０浬mindiameter,thickwalledandoccluded

withdarkcontents(Figs,６Ｂ’９C);middlezoneofthe

integument，multilayeredisodiametriccellswithfine

pits,15-20浬ｍｉｎｄｉａｍｅｔｅｒ(Figs､６Ｂ,９Ａ,Ｃ,Ｅ);inner

zoneoftheintegument,thickerthanouterzoneofthe

integument,threetofivelayersofthickfibrouscells

withcrystallinecontentsandhelicalthickenings(Fig.

9Ｅ，arrow)．Ventralgerminationvalvewithrugose

apiCal
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Ｆｉｇ．５GeneralizedcrosssectionofaDeco血〃

柳osa7zﾉｗｅ"ｓ７ｓｓｐ・nov､ｓｅｅｄ

Ａ：Crosssection．Ｂ：Longitudinalsection
c：chalaza・ｅｃ：embryocavity、ｉｉ：innerzone

oftheintegument．ｍ：micropylemi：middle

zoneofintegument・ｏｉ：outerzoneofintegu，
ment．ｒ：raphe．ｖ：ｇｅｒｍｉｎａｔｉｏｎｖａｌｖｅｖｆ：
ｖａlveflexure．



cavity(Ｆｉｇｓ８Ｂ,９C)．Theshapeoftheembryocavity

variesfromcirculartoelliptic，exceptintheregion

wherethegermi､ationvalveoccursincrosssection・

Heretheembryocavityismoreflattenedandis

framedbythegerminatioｎｖａｌｖｅ(Ｆｉｇｓ５Ａ,６Ａ,７Ａ－

，)．

Thegerminationvalverangesfrom4０－８０ﾉamin

thicknessandoccupieslessthanthreequartersofthe

widthoftheｖｅｎｔｒａｌｆａｃｅｏｆｔｈｅｓｅｅｄ（Figs、６Ａ，７)．

Ｔｈｅｏｕｔｅｒｓｕｒｆａｃｅｏｆｔｈｅｖａｌｖｅｉｓｍａｒkedbytento

fifteenlongitudinalridges(Figs､９Ａ,Ｂ)．Atmaturity，

thevalveseparatesalongthevalveflexure(Figs､６Ａ，

7Ｂ,Ｄ,８Ａ)．Thesurfaceofthevalveontheventral

faceoftheseediscommonlyslightlyconvex；７０％of

theseedswereconvex（Fig.７Ａ)，８％wereconcave

(Fig.７，)，ａｎｄ６％ｗｅｒｅstraight（Fig.６Ａ)．The

micropyleisvisiblenearthetipofthegermination

valveinlongitudinalsection(Figs､５Ｂ’８Ｂ)．

Withtheexceptionofthe輿erminationvalve，ｔｈｅ

JPl１．Ｊ､HisLor､Bot． ＶＯＬ５．ＮＣ≦２

ventralface，composedofelongate，rectangular，

thick-walledcellssimilartothoseofouterzoneof

theintegument（Figs､５Ａ,Ｂ’９Ａ,Ｂ)．Rapherunning

throughmiddleintegument(Figs､５Ｂ,８B)．

Description，Theanatropousseedsareob-pyrami‐

dalinshape，possessangulartoslightlyrounded

corners,andlacklatera1wings・Incrosssection,the

seedsaretriangulartoelliptiｃｉｎｓｈａｐｅ(Figs､７Ａ-,)．

Theseedsare1.0-(L2)-1.5ｍｍhigh,0.9-(1,0)-14ｍｍ

wide(Figs､５Ａ,6,7)，Inlongitudinalsection,theseeds

are1.0-(1.3)-1.7mmlongandob-pyramidalwiththe

chalazalandbeingrounderthanthemicropylarend

(Ｆｉｇｓ５Ｂ,８)．

Theraphalbundleiscirculartoelliptic,100-200〃m

indiameter，ａｎｄｉｓｓｉｔｕａｔｅｄｎｅａｒｔｈｅｃｅｎｔｅｒｏｆｔｈe

middlezoneofintegumentincrosssection(Figs､５Ａ，

6Ａ，Ｂ)．Theendosperm，nucellus，hypostases，and

embryoarenotpreservedAllthatremainsisa

blacksubstanceattheｃｈａｒａｚａｌｅｎｄｏｆｔｈｅｅｍｂｒｙｏ

Fig.６CrosssectionsofD“0”727”oszz？"祝g"szssp､nov､seeds(Ａ,ＣａｎｄＤ：No.94081405S-1,Ｂ：Ｎｏ．

94051405Ａ-1）

Ａ：Crosssectionofseedshowingtheintegumentaryzones(ii,ｍｉ,ｏｉ),embryocavity(ec),raphe

（r),germinationvalve(v),andvalveflexure(vf).Ｂ：Seedshowingrapheandthreezonesof

integument・ＣａｎｄＤ：EnlargementofA，showingouterandinnerzonesofinteguments
AbbreviationｓａｒｅｓａｍｅａｓｔｈｏｓｅｌｉｓｔｅｄｉｎＦｉ9.5.Scalebars：Ａ＝200ﾒｚｍ,Ｂ－Ｄ＝１００浬、．
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CrosssectionsofDeco”獅加0sα"〃e”szssp・nov・seedsshowingtheirvariationinsiｚｅａｎｄｓｈａｐｅ
Ａ：Ｎｏ．94081405Ａ-2.Ｂ：No.94080405Ｓ-2,3,4.Ｃ：No.940814050-1.,：No.940814()50-2．
Scalebars：Ａ,Ｃ,Ｄ＝５０浬、,Ｂ＝200ﾉａｍ．
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Ｆｉｇ．８LongitudinalsectionsofDgc”072加Cs”z”《g7zszssp､nov､ｓｅｅｄｓ
Ａ：No94081405S-5．Ｂ：No.94081405S-6.ｍ：micropyle．ｃ：chalaza、Scalebars：Ａ，Ｂ＝50
〃、．
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Ｆｉｇ．９ CrosssectionsofD“”07ｚ刀zosa??〃e7zszssp.、ov,ｓｅｅｄｓ

ＡａｎｄＢ：Ｖｅｎｔｒａｌｆａｃｅｏｆｔｈｅｓｅｅｄｓｈｏｗｍｇｔｈｅｒugosesurfaceofgerminationvalve（Ｎｏ．
94081405S-7)．Ｃ：Dorsalfaceoftheseedshowingtheslightlyrugosesurfaceoftheouterzone
ofintegument(No.94081405Ａ-3)．Ｄ：Seedshowingthechalaza(c)attachedtoraphalbundle

(No.94081405Ａ-4)．Ｅ：Seedshowingthethickwalledcellsoftheinnerzoneofintegument
(arrowhead)(No.950714B-1)．Scalebars:Ａ,Ｄ,Ｅ＝100ﾉ"ｍ,Ｂ,Ｃ＝50浬、．

integumentcanbedividedintothreetissuezones(Fig.

6)．Ｔｈｅｏｕｔｅｒｚｏｎｅｏｆｔｈｅｉｎｔｅｇｕｍｅｎｔｉｓｌ0-1卵m

thickandconsistsofasinglelayerofmoreorless

elongateepidermalｃｅｌｌｓｔｈａｔａｒｅｕｐｔｏｌＯﾉｕｍｌｏｎｇａｎｄ

８ﾉumwideandcontainadarksubstance(Figs,６B,9C)．

Theouterzoneoftheintegumentisconnectedtothe

ilmeronenearthegerminationvalve・Themiddle

zoneoftheintegumentonthedorsalandlateralfaces

oftheseedare200-300浜、thickandcomposedof

finelypitted,isodiametriccellsthatarebetwee、15-20

ﾉｕｍｉｎｄｉａｍｅｔｅｒ(Figs､６Ｂ’９Ａ,Ｃ,Ｅ)．Theinnerzone

oftheintegumentsurroundingtheembryocavity

rangesfrom40-80浬minthicknessandcomposedof

threetofivelayersofpolygonalcellsthatcontaina

crystallinesubstanceandpossesshelically-thickeneｄ

ｗａｌｌｓ(Fig9E)．Thegerminationvalveiscomposed

ofelongaterectangularthick-walledcellsthatarel5-

20ﾉｕｍｉｎｄｉａｍｅｔｅｒａｎｄｒｅｓｅｍｂｌｅｔｈｏｓｅｏｆtheouter

zoneofintegument(Fig.９B)．

Etymology・Thespecificepithetisbasedonthe
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nameoftheMosanruRiver，thetypelocalityofthe

MosanruFormation(Sako＆Osanai,1955)．

AffinitiesandDiscussion

Compariｓｏｎｗｉｔｈｅｘｔａｎｔｆａｍｉｌｉｅｓａｎｄｇｅｎｕｓ

ｌ、general，themorphologyofourseedsresembles

thatseeninCombretaceae，Lythraceae，Onagraceae，

Punicaceae,Sonneratiaceae,andTrapaceaeinposses‐

sionofthreewell-developedintegumentzones(Ceval‐

los-Ferriz＆Stockey，1988)．Ourspecimenspossess

amiddlezoneofintegumentthatiscomposedofwell-

developedisodiametriccellsandcanbedistinguished

fromseedsofOnagraceaewhichpossessanaeren‐

chymatousmiddlezonethatbecomescrushedat

maturity（Cevallos-Ferriz＆Stockey，1988)．Ｃｏｍ‐

bretaceaepossessesseedsthathaveamiddle

integumentarylayercomposedofthin-walledcells，

withscatteredscleroticcells,andinsomecasesspiral

orannualthickeningsandcannotbeconfusedwithour

seeds、Thepresenceofawatery，translucentsar・

cotestainPunicaceaeprecludesanｙｒelationshipwith

ourfossilseeds，Theinnerzoneoftheintegumentof

Sonneratiaceaeiscomposed（)fpittedlignifiedfibers，

insteadofthehelicallythickenedfibersseeninour

material、RepresentativesofTrapaceaepossessa

multicellularouterzoneofintegumentwhichdiffers

significantlyfromthesinglelayerseeninoursamples・

Consequently，throughtheprocessofeliminationａｎｄ

ｃomparisonwithextantandfossilrepresentatives,our

fossilappearstobecloselyrelatedtoLythraceae

Koehne（1903）dividedLythraceaeintotwotribes：

Lythraceaewhichpossessanincompletefruitsepta

andNesaeeaewhichpossessacompletefruitsepta・

Nesaeeaeisfurtherdividedintotwosubtribesbased

mainlyonthedevelopmentofwingsontheseed・

ThosethatarewinglessareassignedtoNesaeinae，

whilethosethatarewingedareassigneｄｔｏＬａｇｅｒ‐

stroemiinae・Theextantgenera，Ｃ〃"gaAubl.，

ｊＶなｓａｅａＣｏｍｍ.，ﾉﾘ'”jZzLinketOtto,DecoJo〃，Ｇ施彪α

Ｌ､，Ａ‘e"αγｉｔｚｌｌ．Ｂ、Ｋ､，719/、/”ｊｓｌｌｏｏｋ.，ａｎｄＧ伽0ノカ

Jacq.,havewinglessseedsandareincludedinsubtribe

Nesaeinae（Cevallos-Ferriz＆Stockey，1988)．Our

fossilseedsfallintowinglessNesaeinaeandresemble

theob-pyramidaltoellipsoidseedsofDgcodb〃ａｎｄ

Ｈ〆加jZz・IIowever，ｉｔｉｓｕｎｌｉｋｅｌｙｔｈａｔｏｕｒｍａｔｅｒｉａｌ

ｈａｓaffinitywithfﾉｾ伽zｍｂｅｃａｕｓｅｆｏｒｔｈｅｓｅｅｄｓｏｆｔｈｉｓ

genusareonlyO,８mmlongandremainsignificantly

smallerthanthel､0-1.7ｍｍlongseedsofourfossil

spec1mens．

Comparisonwithfossilandextant〃e”の〃

ThirteenfossilspeciesofD“0伽卯aredescribed

basedoncompressionsofdispersedseeds（Dorofeev，

1977：Tiffney,１９８１；Manchester,1994),onerecordis

basedonanatomicallypreservedfruitsandseeds

(Cevallos-Ferriz＆Stockey，1988)，andanotheris

representedbyanimpressionofafossilleaf(Wolfe＆

Tanai，1980)．

Dorofeev（1977）classifiedthefossilandextant

speciesofDecodb，zintothreegroupsusinggeneral

morphologicalfeatures、Thesegroupsare（１），．

g必60szfsgroup,(2)，.ｇ/060s"sgroup,ａｎｄ(3)，.zﾉｃｃ/〃‐

ｓｚｓｇｒｏｕｐＳｅｅｄｓｏｆｔｈｅＤ．ｇ/660s"sgrouphave

roundededges，well-developedspongytissueonthe

dorsalside，andnarrowventralfaces・Ｔｈｏｓｅｏｆｔｈｅ

Ｄ.ｇん60sIfsgrouppossessroundededges,poorlydevel‐

opeddorsaltissues,andbroadventralfaceswithwide

germinationvalves・ＩｎｔｈｅＤ．ｚﾉ2αg"sjSgr()upthe

seedsaresharplyangledandhavepoorlydeveloped

dorsaltissuesandnarrowventralfaceswithwide

germinationvalves・

Tiffney（1981）refinedDorofeev'sclassificationby

recognizingthａｔｔｈｅｔｈｉｃｋｎｅｓｓｏｆｔｈｅｉｎｎｅｒａｎｄｏｕｔｅｒ

ｚｏｎｅｓｏｆｔｈｅｉｎｔｅｇｕｍｅｎｔａｒｅａｎｉｍｐortantdiagnostic

featureofthegenus・UsingthesecriteriaTiffney

foundｔｈａｔｔｈｅＤ､gi660s2fsandD.ｇ/り6oszfsgroupshave

athickerouterzoneoftheintegumentsthantheinner

ones,whiletheD.zﾉgag"sjSgroup,，.α/〃"妙g"s心and

extantD．ｚﾉe〃た"Az伽shaveathinouterzoneofthe

integumentsandthickinnerinteguments，Ｔｈｅｓｅｅｄｓ

ｏｆＤ．〃20sα〃γ"”s2spossessathinouterzoneofthe

integumentsandnaturallyfallintoｔｈｅＤ．Zﾉcae"s応

group,ｅｖｅｎｔｈｏｕｇｈｔｈｅｍｉｄｄｌｅｚｏｎｅｏftheintegument

isnarrowerandbetterdevelopedthanthatseeninD．

"ｃｃ/g"s心．

Inordertoconfirmtherelationshipsthatwere

beginningtoemergeamongthesespeciesofDgcodり〃，

aphylogeneticanalysisofsevenoftheseedcharacters

wasperformedusingPAUPMacintosh3.1.1(Tableｓ１，

２;Swofford,1993)．InadditiontoD.〃zos”"測”ZS2Swe

chosefiveadditionalspeciesofDeco'０”ｔｈａｔｉｎｃｌｕｄｅ

Ｄ.ｇめ60s"s,，.ｇん60s"s,，.〃ｃｃ/e"sis,，.αノル7z6ye"s応
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１
１

ａｎｄＤ.〃eγ"c"”焔．Ｌｙﾉﾉi""”ｓα"cαγｍＬ.(Lythraceae）

waschosenasanoutgroup・Cladogramswerecalcu‐

latedwiththefurthestadditionsequencemethod

(Tableｓ１，２；Ｆｉｇ．１０)．Themostparsimonioustree

hasalenｇｔｈｏｆ９，consistencyindexofO,714,anda

retentionindexofO､800(Fig.１０)．ＴｈｉｓｔｒｅｅｓｈｏｗｓＤ．

gめ60s"soccurringbasaltoallotherrepresentatives

usedintheanalysis・Deco伽邦加0s”””"szsoccursas

apolytomywiththeEocenespecies，Dgcodo〃α此れ、

峡刀siS,andthelivingspecie,，.zﾉeγ"c"”"s、

TablelCharactersusedinphylogeneticanalysisof
fossilandlivingDgcoa0〃seeds

０

０

’＆lvCrageseedlCngth

O＝lcss（ｈａｎｌＪＯｍｍ，ｌ＝morethanlJOmm

２shapeｏｆ§ｅｅｄｉｎｏｕＩｌｉｎｃ

（)＝obvoid，ｌ＝ob-pymmidal

３thicknessofouler41ndinnerzoneSofiI1Icgumenl

O=ouleris【hickerlh4lninner，！＝Cu【eI･iSIhinnerthaninI1cI。

４ungleofoutlinealvenlmlfaceinclroSsSecIion

O＝rounded，ｌ＝angulaI。

ＳｖＵｌｖＣｗｉｄｌｈ

Ｏ＝wide．’＝narlrow

６thicknessofmiddlczoneofinIegumｅｎｌ

Ｏ＝weakdevelopcd，ｌ＝wclldevelopcd

７valveshape

O=convex，ｌ＝concavc

Habitatof〃e“｡ｂ〃〃7o”"r"e"sﾉIg

LivingDecodo〃ｚﾉeγ"c"此ｚｊ"srequireshigh-humidity

levelsanｄｃｏｍｍｏｎｌｙｇｒｏｗｓｉｎａｎｄａｒｏｕｎｄｌａｋｅｓ，

swamps,andrivers(Brittｏｎ＆Brownl970;Manches‐

ter,1994),anditisassumedthatDgcodひれ加0sα卯γz舵"‐

szsgrewunderasimilarclimaticregimeandhabitat・

Thepolygonalcellsinthemiddlezoneoftheintegu‐

ｍｅｎｔａｒｅｐｒｅｓｕｍｅｄｔｏｈａｖｅａｉｄｅｄｉｎｆｌotationand

dispersalinanaquaticenvironment・Theabundant

andwell-preservedseedsfromourfossillocalityindi．

catesthattheplantsgrewcloseoratthesiteof

deposition，ｅｖｅｎｉｆｆｏｓｓｉｌｆｒｕｉｔｓｈａｖｅｎｏｔｙｅｔｂｅen

recognized(Fig.７Ｂ)．Theabsenceofgerminationin

someoftheseedsrecoveredindicatesthattheywere

depositedaftertheseedshadgerminated(Ｆｉｇ７Ｂ)．

Theplantssofarrecognizedandassociatedwith

DecoJo””zosα"γ"g"sおincludePibea，乃噌､，Ｇ卯ｍｓ‐

/7℃"s，Ａﾉ犯測ｓａｎｄＯｓ’"z"z”（MatsumotoEliaﾉ.，1994,

1995,1997)．Amongthese，ＯＳ”"z“ispresumedto

havegrowntogetherwithDgcodo〃becausetheOs‐

”"zdI7rhizomesfrequentlyoccurtogetherwith

Deco伽〃(Fig.４Ａ).Ｇ卵/0s"6"swouldhavepresum、

ａｂｌｙｂｅｅｎｐａｒｔｏｆｔｈｅｃａｎｏｐｙｆｏｒｅｓｔｉｎｔｈｅｌｏｗｌａｎｄｓ

ｎｅａｒｔｈｅｌａｋｅ・門ceaandmsz《gnwereprobablygrow‐

ingintheuplandssurroundingthelake；theircones

andleavesshowsignsoftransport・Ageneralized

modelofthepaleovegetationandsettingispresented

inFigurell．

００

Table2Characterstatedistributiｏｎｏｆｔｈｅｓｅｅｄｓｏｆ

Ｄｅｃｏｄｏ〃andtheoutgroupLy/〃γz"〃

SpecieS Characternumbers

Ｂｉｏｇｅｏｇｒａｐｈｙｏｆ〃e“ｄｂ〃

FifteenspeciesofD“o107zhavebeendescribedas

occurringbetweentheMiddleEoceneandPliocene

(Wolfe＆Tanai，1980;Tiffney,1981;Cevallos-Ferriz

＆Stockey，1988)．Theearliestoccurrenceof

DEcoaI0邦ｉｓｔｈａｔｏｆＤ．αﾉﾉe”&ﾘﾉe"slisfromtheMiddle

１２３４５６７

EocenePrincetonchertfromsouthernBritishColum‐

bia,Canada(Cevallos-Ferriz＆Stockey,1988)ａｎｄＤ・

sp・fromtheMiddleEoceneClarnonutbedsinOregon

１
１
１
１
１
１
０

１
１
１
０
０
１
０

ノル“do〃〃”sα"r“"”

〃.α"ど"bye"ｓｉｓ

Ｄ･gi660s“

〃.ｇﾉ０６““

〃､１，fa2"sｉｓ

〃.ｙ”"α"αr“

Lyr〃""Jsα"caria

１ １
１
０
０
０
１
０

Jpn.』､Histor､ＢＣＬ

０

０

１

〃１０sα〃ｒ〃ｅ〃ＳＩＳ

ｙｅｒ"c"敗如ｓ

α"e"bye"sis

veae"sな

ｇﾉo60s"ｓ

ｇ肋６０s"ｓ

"〃I"〃ｓａＩｉｃａｒｉａ

１

０

L〕＞１４北

１:0＞１２:O＞１

Ｆi１９．１０Mostpal-simoniouscladogramgenerated
onthebasisofsevenseedcharactersof

fossilandlivingspeciesｏｆＤｇｃｏＪ０〃・All

characterstatesareunambiguouslyrear、

rangedCharactersandcharacterstａｔｅｓ

ａｒｅｐｒｏｖｉｄｅｄｉｎＴａｂｌｅｓｌａｎｄ２．

７:１＞０

５２１＞(】
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theTurgaiStraitwhichphysicallyisolatedeastern

andwesternEurasiauntilOligocenetime・

ByMiocenethedistributionofDgco｡ｂ”had

extendedintoeasternSiberia・Dorofeevdescribes

threespeciesofDecoJo〃，Deco"0〃gj660s"s，，．

gﾉo60szfsandD,ｓｉ６ｉ”c〃s,ｆｌ･omtheMioceneMammoth

Mountain（Dorofeev，1969）ａｎｄＤ．ｇ/060s"ｓａｎｄＤ．

s”γｊαfsfromOmoloiRiverlocalities（Dorofeev，

1972)．Amongthesetaxa，，.ｓ"γ〃"swasincluded

underhisD.ｇﾉ060s"ｓｇｒｏｕｐ(Dorofeev,1977)．

Ｄ・m0sa72γ"e"ｓｚｓａｐｐｅａｒｓｔｏｂｅｍｏｒｅｒｅｌａｔｅｄｔｏｔｈｅ

NorthAmericanfossilD.α"g"6yelzs応ａｎｄｅｘｔａｎｔＤ．

【ﾉcγ"c"わ'z4sthantheeastemSiberiaspecies，、．ｇめ‐

60ｓｚＪｓａｎｄＤ．ｇﾉo60szds、Althoughitistemptingto

concludeｔｈａｔＤ．”２０sα”〃g"szsevolvedfromthe

NorthAmericanpopulationandmigratedintoJapan

throughtheBeringianCorridor,furtherdetailedcom‐

parisonwiththeotherknownfossilspeciesisessen・

tialNevertheless,ｔｈｅｐｒｅｓｅｎｃｅｏｆＤ.αAISﾙα”αleaves

fromtheMioceneofAlaskaprovidesapossiblelink

betweenNorthAmericaandnorthemJapan(Wolfe＆

Tanai,1980)．ThepopulationsinandaroundEurasia

becameextinctsincetheLateMiocenebytheLate

Pliocenethroughtheclimaticchangessuchasdrying

andcooling・ＴｈｅｐｒｅｓｅｎｔｒａｎｇｅｏｆＤ．ｚﾉeγ"c"ﾉﾋz〃ｓｉｓ

(Manchester，1994)．BytheLateEoceneand

O1igocenethegenushadspreadintoEuropeand

westemSiberia（Reid＆Chandler，1933；Ｃhandler，

1960;Tiffney,1981;Fig.１２),withcontinuedexpansion

ofitsrangeeastintoeasternSiberia，Japan，and

AlaskauntilMiocene・TheP1iocenedistributionof

thegenusshowsthatonlyfourspeciesremainedand

thattheyhadbecomerestrictedtowesternSiberia

andsouthernEuropeinresponsetoclimaticcooling

allddrying・ContinuedcoolingeliminatedDeco伽伽

fromEurasiabyPleistocenetime、

Thefossilrecordindicatesthatthegenusfirst

appearsinwesternNorthAmericaandmigratedinto

westernEuropepriortotheLateEocene・Movement

offloraandfaunabetweenＮｏｒｔｈＡｍｅｒｉｃａａｎｄＥｕｒ‐

asiawaspossiblethroughthreeｌａｎｄbridgesthat

existedatthistime(Tiffney,１９８５；LePage＆Basin，

ger,1995)．Theselandbridgesare：(1)DeGeerroute

betweennorthemGreenlandandFennoscandia；（２）

ThulianroutebetweensouthernGreenlandandwest・

emEurope；ａｎｄ（３）BeringianCorridorbetween

NorthAmericaandAsia（Fig.１２)．Amongthese,it

appearsthatDeco””utilizedthemoresouthern

NorthAtlanticThulianrouteThespreadof

DecoJ0”ｔｏｔｈｅｅａｓｔｉｓｃｏｉｎｃｉｄｅｎｔｗｉｔｈｔｈｅｒｅtreatof

Ｇ卯rosIrO6Iｨｓ
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ofthepaleovegetationofShimokawａｒｅｇｉｏｎｉｎｔｈｅｌａｔｅＦｉｇ．１１Generalizedreconstruction
MiddleMiocene



6４ Jpn.』・IIistor,Bot． Ｖｏｌ、５．Ｎｏ．２

美裳；
#誇蕊

Ｉ△

認 ４Ｗ＝
4●

－－

、、 i祷械'。
（

8｢一一０

びり☆：Decodb〃ａ化"bye"sﾉ怠（MiddleEocene）
★：DgbbosUS（LateEocene）

◎：、､ﾉ77osa"ﾉzﾉe"s心（MiddleMiocene)，○：、.a冶sAra"ａ（Miocene）
◆：Oligocene，●：Miocene，▲：PliocenelocalitiesofDecoo4｡〃
shadedarea：distributionofextantDlverZ7b鵬tＵｓ

Ｆｉｇ．１２ DistributionoffossilandextantspeciesofDecodI〕卸aI1dtheinferredmigrationroutesofthe
genusbetweenNorthAmericatoEurasia、FossillocalitiesareafterDorofeeｖ（1969,1972)，
Wolfe＆Tanai(1980),Tiffney(1981),Cevallos-Ferriz＆Stockey(1988)andManchester(1994)．
DistributionofD.ｚﾉ”"c"&z/"safterBritton＆Ｂｒｏｗｎ(1970)．

restrictedtoeasternNorthAmericａａｎｄｍａｙｂｅａ

ｐｏｓｓｉｂｌｅｒｅｍｎａｎｔｏｆｔｈｅpopulationthatisthoughtto

havegｉｖｅｎｒｉｓｅｔｏＤ.〃zosα”γz”ZsjsduringtheMiocene

(Fig.１２)．

Ａｃｋｎｏｗｌｅｄｇｍｅｎｔｓ

Ｗｅａｒｅｇｒａｔｅｆｕｌｔｏthefollowingpeoples：Ｄｒ・Tanio

lto,DepartmentofEarthSciences,FacultyofScience，

ChibaUniversitywhocriticallyreadthroughthe

manuscriptandassisｔｅｄｕｓｉｎｔｈｅｆｉｅｌｄ；Ｍｒ､Wataru

Hirose，HokkaidoUniversityandMs､AkikoFuruya，

TheBoardofEducation，ＳhimokawaTownHok‐

kaido，fortheirhelpfuldiscussionsandassistancein

thefield；Ｄｒ・AtsuyukilnoueandDr・MasashiTsukui，

ChibaUniversityfortheirexpertiseinmicroscopy；

Ｄｒ・MakotoNishida，ResearchlnstituteofEvolution，

aryBiologyandDr・ＢｅｎＡ・LePageDepartmentof

Geology,UniversityofPennsylvania,Philadelphia,Ｕ・

ＳＡ.,whocriticallyreadthemanuscriptandprovided

usefulcomments；ＤｒＢｒｕｃｅＨ､Tiffney,Universityof

Califomia，SantaBarbara，ＣＡ，Ｕ､Ｓ､Ａ､，Ｄｒ・Barbara

Ertter,UniversityofCalifornia，Berkeley,Ｕ､Ｓ､Ａ､ａｎｄ

Ｄｒ，HideakiOhba，UniversityMuseum，Universityｏｆ

ＴｏｋｙｏｆｏｒｓｐｅｃｉｍｅｎｓｏｆＤ.ｚﾉeγ"c"敗如ｓ；ａｎｄＭｒ,Iseki‐

chiNakauchi，ShimokawaTown，Ｈｏｋｋａｉｄｏｗｈｏ

ｇｕｉｄｅｄｕｓｉｎｔｈｅｆｉｅｌｄａndofferedusfossilspecimens・

WealsothanktheBoardofEducation，Ｓｈｉｍｏｋａｗａ

ＴｏｗｎａｎｄＳｈｉｍｏｋａｗａＦｏｒｅｓtryOffice，Kamikawa

District，Hokkaidoforprovidingfacilitiesduringour

fieldwork．
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