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Paleovegetation and paleoenvironment of middle Miocene fossil flora

from Nayoro area, Hokkaido, northern Japan

Atsufumi Narita

Abstract

Late-early to earty-middle Miocene floras in Japan are Daijima-type composed of mainly broad-leaved evergreen
taxa, while late Miocene floras are Mitoku-type composed of mainly broad-leaved deciduous taxa and are
characterized by “modemization of plant species”. In between, there is a blank period in our understandings of
Neogene flora in Japan, which is the late middle Miocene interval. However, in Nayoro area of northem Hokkaido,
the northemnmost island in Japan Archipielago, late-middle to late Miocene (13—11 Ma) macrofossil floras are
exceptionally well-preserved in lacustrine or fluvial deposits. In this thesis, their paleovegetation and
paleoenvironment are reconstructed and discussed in detail based on taxonomy, local geology, taphonomy and
comparative ecology of the floristic elements with related to living species.

The paleovegetation reconstructed from plant macrofossil assemblages of the Nayoro area (Konan flora,
Kaminayoro flora, Mosanru flora and so on) generally consists of a mixture of slope vegetation and riparian (riverside,
swamp and lakeside) vegetation. The slope vegetation is dominated by Fagus palaeojaponica, and associated with
Acer subcarpinifolium, A. protojaponicum, Betula protoglobispica, Salix misaotatewakii, Cercidiphyllum crenatum
and Picea sp., whereas the riparian vegetation is dominated by A. subcarpinifolium, C. crenatum, Salix spp.,
Cladprastis chaneyi, and Picea sp. The composition of pollen fossils obtained from the Konan site is quite similar to
that of Konan macrofossil flora. The composition of entire Nayoro flora exhibits deciduous broad-leaved and conifer
mixed forest that is highly comparable to the modem Mixed Northem Hardwood Forest of East Asia, which is
distributed from northemmost Honshu toward north to lowland Hokkaido in Japan.

Based on the mode of fossil occurrence, the lithology of plant bearing beds and the habitat comparison with that

of the living equivalent species, Fagus palaeojaponica is inferred as the dominant species of the climax vegetation
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in late-middle to late Miocene Hokkaido. Moreover, the local riparian paleovegetation in Nayoro is similar to that of
the recent riparian vegetation of northern Japan, although differences exsist between the paleo- and modem
vegetations in the composition and ratio of the dominant and associated species. A representative species of the
riparian paleovegetation in Nayoro area is Acer subcarpinifolium, the living equivalent species of which is a minor
element in the recent riparian forest. It is highly probable that Nayoro flora consists of various vegetations representing
seral phase to climax phase. The taxonomic and ecological bases of the present temperate montane slope and riparian
vegetations of Hokkaido Island were established as early as the late middle Miocene.

Compared to the early to late Miocene floristic types ever recognized in Japan, floras in the Nayoro area clearly
belongs to the late Miocene Mitoku-type flora, with a few relict species survived from the early Miocene. This fact
indicates that Mitoku-type flora existed in Hokkaido at late-middle Miocene which is comparable to blank period of
Neogene flora in Japan. It means that “modemization of plant species” can be extended back to late-middle Miocene.
Compared to middle Miocene floras around Sea of Japan, appearance of Mitoku-type in late-middle Miocene
probably started from northern area. Moreover, tyming of appearance of Mitoku-type corresponds to establishment
of Japan Archipielago.

The leaf physiognomy and quantitative climate analysis of Nayoro floras based on CLAMP (Climate Leaf
Analysis Multivariate Program), LMA (Leaf Margin Analysis), and LAA (Leaf Area Analysis) estimations revealed
that paleovegetation in the Nayoro area exsisted under humid and cool temperate climate. This suggests that Mitoku-
type flora first appeared under humid and cool temperate climate in northem area of Japan.

The late-middle Miocene to early-carly Pleistocene floras known from Hokkaido are temperate deciduous
hardwood and conifer mixed forest and contain Fagus palacojaponica, Betulaceae, Acer, most typically A.
subcarpinifolium, and Picea in common. Quantitative climate analysis of middle Miocene to early-early Pleistocene
floras shows the dominance of cooler climate in middle Miocene to early-early Pleistocene, which is in contrast to
the climate change supposed for Honshu where temperature was gradually decreasing. This indicates that temperate
deciduous hardwood and conifer mixed forests were continuing to exist as late as early-early Pleistocene in Hokkaido

under cooler climate, after its disappearence in Honshu during late Miocene or early Pliocene.
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T 51O DR TL IR AR ThH D, BRI T H BIRERAO N, BRSO
TEMPBEDOERAFELORER L UTIHEL, OWTITARRC NHDOARRO T R Tl 5 —8h &
20135 LN ST CEECTHD. FlzIESDGs D 17 HEH O BEOHIZIE, 15 FBHIC “FEoE)
SESFH DT WVRSITEY, B B NI RO 80% 212492 B/ EIR L 72V, RHIC
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ZEHTED.
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Thb. hEIHEkokE FAERERDAEFEE & L CANEE B OIMOEN % L2 T D EHERHETH
D8, i R OIESR I BN 5 2 & SEHEOHERDARERRNIOMESS, Thatre
L, RKADRT DI DAY DERTOBRIZ DTN D HD EEZ Hib.
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TW5 (g, 2011). HEAEDOR RO A 2 RD HFRNTIE, Koy, WREE, JEBREE, Ty,

VIR D, &2\ NI LAY & OFERIBNRZ: E3H 5708, BUEDIRIEIIZIUCES F TOER



AR BRETOMEIBER & AN AN L -T2 9 A TOMBZLDOFERTHH DT, BUEDREAEDHL
SOBFEAEMR L, FEROZCAE TR H70I2iE, WEOHE L BREZ D NENRH D (HK,
2014 72 &) . BABNSGOBUEONAE, FHIARMNEAEDEIRAZ I HNTT D720I12lE, Z O & 70 HFE
R EABAEDSHHBL L 72 & B 2 BT D BT AERITHE —fd F CHEEAIITH - TR L 721 ud7e 5720

(W, 1992 72L). 20728, B —#dlZdoi) 5 AABISORAZAIL, AFRARI OB EICET
D EAIC SN TRE LS BISE ST & 72 (Tanai, 1961 728). AARICIT DM LARAC L 28
FRIEHTER = AT I DRETIERICE 2 F CIRTZERICE A - TR Y, Mg & OBIEEFRD
—fRITASINTH DT, /T VT OfEHEL 7eoTE iz (i, 1992).

O THHIFET L, FAMEOHLRIT Y 5 HEHARZE b & TR - M7 5B b A e, ——
Z 7 K& OREFRO @A YEBITIC, BITED BABNSGORE AL DR DI L L 52 6
A, AAFNG OBV 2 R8T DI SE R SERBITE O ROt Lo HIPRAAE A 3§ 5 L CH
FLEZ BIVTE R (R, 1991 5 MHHEAY 1992). E72, PRI IERARE & O 5 H 7 f8bi%
BRSO DN DLATEDMHEL L T D28, REMFRARCORAE D IIBHED b D L 13 R2g > Tz
ZEBLHLMNIIR TS (il 197372 8). 2 & D 2 it LA ORI ORIR /AL L
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& ZAUTED KIEDZEAY, & U THEMOSSPHEREO L DN L B2 HIT0 D (i, 1973 72
E). LnL7Zenn, HHIFuEithi ol B AS S RESIR Tz > TL BB NIEET D728, HEFD
REA: i) DT DIERA D72 <, WAZSBOMRZ O TN LN SN TR BT (kS -
2285, 1991), Tanai (1961) 2 & 2% (Floral type) CIIBIDHIENSHEE: “ZZEM” L72o

NQAY

HBEAHD B 5 D>, AATHORBIME (K1) 1SHN CHHROAILE, KIS, 5
HEHEREE7)> DRERL S 412 T BT HE B2 T O HE AR < /3 L (57, 1956 5 I - £k,
1981 72L), HABNEGD Z ORHROME & L THIBBNNZE O A & BT Z E 3BTV D
(MHEDS 1981, 1992; Fifikf, 1991; Matsumoto et al, 1994, 1995, 1997a, b; Matsumoto and
Nishida, 2003, FRFHIEA>, 2012, 2017 ; Narita et al., 2020). ZHH0 56, MHHHIA (1981) 1%

KAUEAIS LOMER « b DA CAREOBIE AR, AR iE 2 R R =097 %
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FARAOIC @B DR A AT D2 & &, T DHEREO BRSO AR 2 7w 2 72Ol AR ED 5
YU 2, ALTF XY AR EOT DT ALHERZ DN TFEE L TN —ACEmRE & i 2 2 &3
HETHD LML QD 2D, Tanai (1983) 1340 =T & Acer (LD ) 7T 7 DI, 4%
OB R LT, E£iz, A7, THNOELET PO E LAl OWTE, RV & Picea
(Matsumoto et al., 1994) , Y JiJ& Tsuga (Matsumoto et al., 1995) , AA I = V& Glyptostrobus
(Matsumoto et al., 1997b) , 7 = R¥J& Decodon (Matsumoto et al., 1997a) , B ~A J& Osmunda
(Matsumoto and Nishida, 2003) DA JEHFCEL S, sB7fEH 5200, DFEFRIREIM THhiv T D,

L, REVHEARRZOUWT, A O EF 7251 S EDOW2BE0T, fikt (1991) o151k
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(2012) *°Narita et al. (2012, 2020) TILMFEOHEYHLATE (HEFHIEE) ZXE50C, T O
REE HEREERE D, TR AL Y IE D AR E A oD LRA 7 AL & & B0 25 < B2
IRIESAFAHEE LTz, BHIEAN (2012) T, KURESR L BEOIZREFHINREL & A BHESIT TR B
Wr957 a2, CLAWP (Climate Leaf Analysis Multivariate Program ; Wolfe, 1993) Z{5IFgt##
FECEM L7z, A3, CLAWP & ENOREEARE BT L Tl 21T > 7o TR & 72 o7z,
7o, RH - A (2013) SORKAIEAN (2017) TIE, REATHA)IMhED R AEA DT, T IR
o LA TR bARE (LA TR 2B SEEICE T LT, LLEO 15 (TR0 ZE Ol AR
9 D40 FFHUR ORI AARE RIS DRI R B o0 b 5.

ABFFECIE, REAIEA (2012) R°Narita et al. (2020) "CoR S AUz HHiHs it po O RFE A Ak 2
AIIHIEEREAEE, KON, RHIEDY (2017) Tos SAVTBE TR | ShE D Jasttit) 7ot 2o~ B4 Aol
NG, A4 AT HUISSEIL ORI AR S DU TIPS A A BREE 21TV, HEREBREOREH
FROORHE A BT 2 2 & CALMREALE O H Hogr A2 2 o itk ORE A= D RFEA B 52N L
Tanai (1961) ORWFERIOZE AL T2 HEAEZFEICE T 2 2 E A HIYE Lic. £7-, BiE
OREA & DR, I & ORGEZ & &2, BIAFOEIOMEREE S 2 bihd “Biffl” L
T A AR L DR, AGMEEIZH1T 28715 AR ORI HER Y, AERE AR DU T
HEL LT
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HARR DR St DR AR =AY, RERAYICHANIRIR 2 ) e &, ARAYL i 5
BN ML LR T, Z2< OffiUR & & HICBAER b EEND (R, 2002728). LasL, iy
B RO IAEIN CI XRERII ML (Zachos et al., 2001) 2SEETOIZHA, BIEOAREDZL
ISHEL L, BUERE L HE L~ L THISOD A S I Rk, 2002 72 &), & <TEETEMR BB ="

(HEE =40 DALEERD FPmid sl CBAE B OELIR & 722 1 5 7253 ED L AREERD SR DL TE
D, A. Engler (2 & > CTAUABMIES = 4257 (Arcto-tertiare Element) &PFE4L7= (Engler, 1879/1882;
AT, 2002 72 &) . 2D X 5 72 Englar D& 2134 R, W, Chaney (& & - CALMMIES —fohilt (Arcto-
Tertiary Geoflora) MOBES~LFEAZT (Chaney, 1959, 1967), #i T AEMOLIGHCALEROIRHT
MIERRIC b8 G- 2 7 (I, 1971). 200 X 5 Ze i =Ae Wi I A AR A s 9 5 =tk
WIREDS L\ TAFE U, ARSI I 30T « REMEARD 0T L CUeds, ZORDRIEOFERIZ L -
CENY « ARV VD DAL, RIS —fORERE) e R L7 &2 047 r ZOMERY, BECHHE
TERNTHEZ TODIIFEE H D23, FEERIZIT T v FHRFED R LI I E M Z oo - RO &
WG UT22 b O ThD (R, 2002728). L3>, def Ao bl B /e R ORI EAS
FA T U CBYEDIRAAMZ BT LTz &3 2 B 203, ARSI bIbasiskn b b Ery 7t
FEDEAN (RS, 2002). BETHE, MAEDOILOTRIIEEDEAUTRD D 2 ENZUD, FHUC
NACYIRFOD IO d I TS U THEAEZA LSRR TIE7RN 2 &3 < ORFFEE T B LI fifiF ¢
bDHEBEZOND. AARFNSDHRIR G, FHUROWARSIOIEL 425 2 5721213, btz T
(RS TN ZEREHETH D Z ENL L OIFFEA THEESI TV D (A, 2002 72 E£%0).

W =AATRE, BT AL B ASIE O 28 U TR F BTN D, ARSI K5
FEPHEATREC K DB S A= 001E Tanai (1961) DI TH 5. Tanai (1961) TITHEIC L~ T

b b [ AIVES

ORI T OB A T - BT - B B« SR AT (R2), EEHHERes B -

lﬂﬂEO)zﬂ‘” o0 DA (Floral type) (ZOWTHEE L, ZIVEOEAIES R - HIEET) /047 -
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TR RASE S 25/ i U7, o AR R SRR T ORBGRANA D b =5 & a5
FNCX G EITND A, FH-AY R (Populus, Salix), 7 /VIFy (Juglans, Pterocarya),
13 ) %8} (Alnus, Betula, Carpinus, Corylus, Ostrya), 778} (Fagus), =V} (Ulmus, Zelkova),
7Y IR (Cercidiphyllum), 27 2B (Acer), TAAR (Tilia), I AXR (“Alangiun’), AA
B RFGRY (Vibrnum) 73 & OFEZERIER &~ VB (Ubies, Picea, Tsuga), t /) %F} (Glyptostrobus,
Metasequoia, Thuja, Thujopsis) 7 & DEFROIRSH, 72 bA B AR HERTEASAAE AR
R T OICKI L, BEINIT TR (Castanea, Castanopsis, Cyclobalanopsis, Quercus), 7 A/ 3
Bl (Actinodaphne, Cinamomum, Lindera, Persea), 7 UF} (Liquidambar), ~> V7%l (Hamamelis,
Parrotia), ~AFv (Albizzia, Cladrastis, Gleditsia, Maackia, Pueraria, Wisteria), IV F}

(Pistacia, Rhus), 57 aFb (Adcer, Koelreuteria, Sapindus), /%8t (Camellia), 7 7t7 A
® FXBL (Paliurus, Zizyphus), ©F 7 FF (Ilex) 72 E Dtk E T2 ILE/ & 7 R

(Liquidambar), ¥~EERt (Comptonia), 7 /VIH}l (Cyclocarya, Juglans, Pterocarya), 717N/ %
Bt (Alnus, Carpinus, Ostrya), =V K} (Ulnus, Zelkova), 513 / %} (Diospyros), X A%F} (Cornus)
7o OYREEINEERNS, v ) XFr (Cunninghamia, Glyptostrobus, Metasequoia, Sequoia) <o~/ F}

(Keteleeria, Picea, Pinus, Pseudolaria) 7% &E D#IEERZLEI RIS TH Y, FEWFERHEEZEA 52
(CR7go>TD (Tanai, 1961 ; i, 1974 ; M, 1992 72L). BEIREMRATF S22 < 57,
YRR OZARME b i <, AT & 3R XA S D (I, 1992). FHZY~EERID Comptonia
&7 URD Liquidambar ZRHEHNTEATRY, a7 h=T - UL HIN-Z L bbb o7

OISR - KRS, 2006 72 E). 72721, SMEERARE SIS ARRE OB B R Xk B8 2
1ZLAVERS ZEDPHBITND (Tanai, 1967 ; i - fEAT, 1979).

—J7, BT ORI XTETE IR 22 < ORI 2R L, FHEK EORHE0& =188 L X
% (Tanai, 1961). —HERAEMIRACIE, VERELIERST Cld Y F-=0F (Salix, Populus), 7 /v IF} (Juglans,
Pterocarya), 7’37 %8 (Alnus, Betula, Carpinus, Corylus), 7 FH} (Castanea, Fagus, T&IEVME
D Quercus), =V} (Certis, Ulmus, Zelkova), 77> T8} (Cercidiphyllum), &7 L Bk (Liriodendron,
Magnolia), <>V 7Bl (Hamamelis, Liquidambar), 7 A XF; (Lindera, Parabenzoin, Sassafras),
NIBE (Prunus, Sorbus), ~ AF} (Cladrastis, Sophora, Wisteria, Gleditsia), 27 2B} (Acer),
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[X]2. Tanai (1961) ORI L Z DA, HERMROMSHEIL ICS (2020) 2651 H.

v aXpl (Aralia, Kalopanax), Y/ 3%F} (Stewartia), 7AAF (Iilia), == %Ft (Styrax),
WY PRy (Rhododendron, Tripetaleia), 7 v A€ RXFL (Berchemia, Hovenia, Paliurus) 73E%
Gx, BHEERICII~ VRl (Abies, Picea, Pinus, Tsuga), t /X%l (Cryptomeria, Cunninghamia,

Glyptostrobus, Metasequoia, Pseudolarix, Taiwani a, Thuja, Thujopsis) 72 E W& END (Tanai,

1961 ; #iH, 1992). —{ERUHIIRA IABERBERST & SIEEB OIRASHIRIAE 271k L Q2 ST =AU s

HIL, JBLVLOMBRIZBWTCIE BAREHELId % (Tanai, 1961 725). LavL, —fEH
WIRECIEZE < OVESERTERT, FHCh S R, 7R, TR, YR, 470 UR (eer) 7o T
L~V OMENE U<, TRRERINCHIARE & ORBIAEHEL <720, HEHD “BIL” 23558 BT
% (Tanai, 1967 72 &). Z D71, =FERMEMIEORE R DR/ BIAFRO R IBUED B AS| S 0OR%
WO BND W, 1992 72 L) . =RILIEOREITI O EATRE L Tanai (1961) 12XV R
FEpRE & B RUREIRE (X SV 28, B & A T REREC b 2 WA R RE DS R SEET ook
TECHDZ EMBRITHL N E 72072 (I, 1992 72 L) . SEFORMLARETIE, THHNIRD bR
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TWAEAEDRFAGRE SN S HITIER L, H—OMROMmH L L CRTONEEEE SITn573,
PR oD =F00 L AHROREREMEL TN D — 5T, TRHESEROPEERES, Liquidamber <0
Metasequoia 72 E DUV D “B “ALELAR" VRO ODEHRE SN T% (Tanai, 19615 M,
1992).

IEREREC OV T, Uemura (1988) CHALHUG O H HAEMBH IS, ML - CTh
EORRMAN2 D Z RSN E, FEFINRHALINI 2> TWDE b o573, =R Ok
TERZ IUTHE S R L DBRESIED I SOV TT T B N2> TR B, BN R Sh
TS, SHERRERE OV T S, ZORTORH D —HEURIRE & B8 IS8 HVT, fliA0org
IEBIER L TOD Z DGRBS TN DT, ZNEEEE X T DOEERBEX DV E LS 5.

T RS LA T OFEAYEDM BRI R DIETIFRN O kS, 1989), FEFEIZH R
FECE D DAL EAREE 18-16Ma (a 1% 100 TEERTZET. LUTRRER) (T8 L, =Hdamne
(IAINTIL 9-6Ma, ALHEE TI 13-BMa (275 rIREMEZAER L C0D (P, 1992). —fE it
FIHITH A RSO DR TH LA B, 1992), ARFIEDXIGE T D44 FrHUsIE D OFi)
et (HENEA, 2012 5 B, 2014 72 8) o2 OALEOEEE - KR WD, 198D, ¥ T
B 0T ATERE (DHZA, 1981) OFFED B PHIHEritse -7 & HEL L7 rIREMEL DUV CHRR S
Tz, A CRBR & 324 ORI LA B IR 13-11Ma 2R L TR Y, 2 ORHROEY)
TEARHT A AT ISR T FFHUSED DS TR, S O A2 IR 5 2 &8
BUEDOBBELFRIFEOEIRLE N A Y & < BRRZBYHT 5 2 LI2O703 5.

S AR OREM AREORIZE I, MHED (1981) SRR JOMER « M tas bl e s
FEOMEE AR, OB A A =50 T DI AL A AR S U, ARHRo gt
REREDSAINSCACHEE O I A RE L AR IR T DR A 2 2 L AR L T\ 5. 2
D%, Tanai (1983) T, AFHIRDONI T E Acer (LAMEY EIF B4, Matsumoto et al. (1994 ;
1995 ; 1997a,b) , Matsumoto and Nishida (2003) TIEF)IEIREDEAKALAIZ OV TEEIICH U ST

W5, FER (1991) ERREIEADY (2012), Narita et al (2020) O-LBIMTALFEEOWARGRELIRE & ik

(1901) BT O RO B, 2R BRI 2o

TERBIVTND. FHIERE, HEIFTEE L & BIZ, BFRERAT RSN T, HEREAEI ORA: & H#E
14



ESNDRBESRMTOWTEEMICHRE L7 (BRI, 2012). WFHEMEEL T B D Fagus
palaeo japonica HME N L, bt B Picea<°H 7 )& Acer %45 HHIHTE A RED AL A AR D72
FAEZRL TS EEZDND (RRAIEDY, 2012) 75, FEHIPEREE Td o 7o 72 OISR 72 £
R 7SR L~V OffFTSEE T o 72 (BEIEDy, 2017).

WIFEREARE & VR EREAR O LARE T TR B2 FFOL T IHIS 5 HIEHT 5 Z &35 b
TRY, Thz AL LTl ab -~ (BH - K, 2013). RRH - a4 (2013) (3, J&HA
NG _EA FRERE S E S 5 /X R OHERSEREEANE A1 T D Z & &R L, AEMbAREODRRLER
PEAR 2 BT A0 TR D S TRE D R I AR 2R L TV D ATREME S @V 2 L A S LTz, ZhET
S HEE P& ENDIEARACBIT DHBIFAE L TWD 03, Tl IHER & 0 15 B vt b afEnD:
BURFOEAERES T REEHEE T 205G, (bA L L TEENLROAEFTHLAbolfEE 5 2 % |
THEFHORMENEE TH D Z RSN T D (HIRHED>, 2004 728). pEIED~ (2017) T,
A TR A G N T TR A TR L, LA O/ L PEIRE SR THBEL, X
IFOOTAIERE A DRRFR ZHEE L T 2.

15



3. WL

3-1. HUETRRA & MU

AWPIETIIHE IR ORI E & TN AR B BT T 5 2 L A ERICEN TV D, £D720,
T ODEREEZAT 5 DITHIRE LT, TR E BN X D MUERA 21TV, £ 20 DAF b/
EiFa I LT, HERBRIE 2 B8 Ui LT b el i 214850 LR udze b,

A ZE T D BT, M EAREE G ATV O EFRZFE L <Flik L, ZTOHEREREEZHEE
TOMENR DD, S ET, HIEEHERT D5 ADRIZHORMET, MR 2RYEMOREEe, RIAZE
O L ERE,  HERARF ORI O CHERI ISR SN D RHBRYeiE (T 2R &
) FORHEEAET. S L ZOMBEDEEER D 2 LT, TOMEOHERES & 72> T BREEDMEE
TE 5. HBOEMRZ OFAER D ZARRITR U722 AR (BRI L0y, #a5tH50E
HTEDL D RHMTEDL S & a /R L TV O ER LIZME N — b~y T, ZLTUL— <
v 7 I, KRR R OME OSAROREIGE 27 L7 X2 MDY, 2 b idabindz &
a0 & BRI AHEE T ORISR IR & D,

BT A D I B AR HEE 2720, &2V T2 DOURFo A 2 BV 25 < R 72
BRIE A HEE T 5 72010 b MU RO HUEL I SO BRI IR 720 . RE b s DHERE LT AR 142
HEE 2 Z LITTE 2200, A earEHE P O KILRYE e, {EAEHE O BT OMIE, HoHWNHE
AREHE & [RIRH ROKEEEE DRSS ERIRIEED S ST, A pE 8 OHERTEFDHERE nTRE
TH 5. KIGHPOKACE ORBEEE TITE 2> DATERTZ AOHIE R D> & 5 BYREY7 25l
PEOND BIEFR). £, (barEET) DEREA LI £ ORE DA RFERZ R IR A
FFDNAUTHEREFROMEE TE 5728, TRELAITZOA & o Te A DIk K2 O BAAIED
FoND FHAER) DA TH L. LA L DFAHEE TIE, HESFGHIEED & 5 (B4R 5k
TENEBAG DD DT TIFZRDS, OHE & OHEFFFEROFTHZBEROHEEITITE LT\ 5. L7
o TS RIIEIE L, R A 2 GO TR & T HLAPEHEOFNEHEE TS 200 b
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A CTH 2.

HHIECHIY, M, KIEEEN R SRR A Y 2 < TR BREE A HERE T D 72D b HUE T
(IRDEZR, TR BRI AHEE T DB M A EHE OFRET S TIIA 40T, (bapEED
JENS0% D T OHE OHEFEEREE AT, MAGHOETERTH I L0, AT, Bl
REAHEE 24T 5 12801203, AL PERE OHERERBLOHEE 236 AT O N D D78,  HEBREIOHEE
(3, BT DHIE RS DA OFECHERRE S, HUEORATER YD ) DIREHNTHIWT LT
4V ERANCYAAN

Vb2l 2, AWFIE Cldds Tk IS e MU O A B9~ 5 72 D | CBUHI Ao SRR AT L
Fo THHE T ATSC, BUMISAC K 2 WEGRE bapEtfga Tl & L7cHUE o= LEdiic LY,
fbAEEHE 2 TG L LTcA s dugrit ot (Hogii) OHRREBREEDHEE 21T -7, 72k, EA%
TRED ARAERAT OBRTIE, MHIBIZ 09 2/ T J@hsE i) IR T 5 2 L S B Th
STzlzsh (H - R, 2013), /S T EOHFEFAOFLREA TV, M AREREIZIS1) DR & PEIR,
& DITHERH & DRRAFE L <BRRt L7z

3-2. fbAEEL OB &R

AW CIE, FARELRITALE MR, TSSO FA%, TIRTEEO—0f— —0f (£
Piov), FERATIRARN, SEHFHETPE ISV ORI A 2 5E LT (K1), Bt a o
IIEREC, FEM - JBYELC Lo CITRFEIER e L OISR E-PM LA badd b, S Lizbn
FBNTY UV —= TVEERTD. 7V —= 7 LMz B> COLREEEHID, (LADRFSH
TWDIRY ORER R DIRBEICT HIEETH S, BLAIZONTE, FHIE LTESD 1/3 LER
MR TEILbOERRITEE - WU ML, BBEOHEMRAH NN LT, 723, (AR ORI
FEIAOFTEHIRILAS BV VEYER HLLNT 2006 4R350 2019 4E(20N T Cikle LTI T 7.

AlaligEt LA AREARDZ <\ TABRE RS RS & T ALIREEE & AR VE ST 208,
HEAEARICOW T IR CEN R AR RS Si, O3 —2~—2Z (NSM PP) (28RS

TWA., 1B, B0 EARZIZ APGIV (Group T.A.P., 2016) (ZHt~7-.
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3-3. i

T AT DA 29 2 72011, PEH LI AR ORI Iz, M EaiEE & A
T2 HBOHEREERSE & pEH MR (EIR) DBIEE LR EARFIR Th 5. M b AREDHEREBRER D
HEEFIECDOWTIIIRCIRATZ @Y Th D, IR LT, (barEHE oo o2
T TITEREZIFAT A 720, MO E DV EBSITORME & 725 7AW 6 0B L Gl ST D 2
EMBNTZDTHS.

—FRAACAIRD L O ZRFEHVER L Wi CEOE EAb Lz & 0 7kt (RHE) o8
BEERE, BWEAEIMEAET 5 ETIEE D7 0 & B AR BIER SV THERE L7-Pek (B
Ay BERE AL E LI AREOS SRR, B LA RE TH D720, BILATREDRE
HEOHEFEEREED, M7 L ZNODILA LR o TV ER L WG Ch D LITRR B, L
L, ABADEEROBENTZ L > T, FMHHEORE Th > THZAN R R (ERHIME) Th
% Z & DD UTHERSG RO AE DI TN FTRE L 72 5.

FURIZITROD & 5 78038 5. MIBOHERE U= (EERm) 16k U CHEEANIASCH F2e £
LA, A% (o CHEREIR & 1 LIRS CRICHIEIZ A W AT o S 3R & T S 5. BEOCRE R LD
LTI, RHAL 72 o TohEIR &3 U CGE SN DD, FEEODEREN LT H 2 &, [F—Hc
HKT DEHERE P ITEN T 2 &, BEHFORMENT VXL THD L, (LAFNDEFOY A X
B RO HREOIEL DY A ANSER CIERM 2T 2 &7 DGR LD & JRHME ST O EER (HE
JEHPE) L&D (Scheihing and Pfefferkorn, 1984 ; Gastaldo et al, 1996 72Y). AHFZE
TR OTIZ2 S LY, 2R TOIEOMGHITE 2272 b DD, FREZRR Y OFER
DBIEEEATST-.

VL LR A DFEROBENIINZ, 15DV AT/ b O TEt L, D CE
179, BOIAE AN RN EDOFERZ R LTZA1E, T OB TSRS T ofA:
ORARZ S LT D FTREMEDN S <, ALAREOFEIRDN I 2 7R LI238E, £ O bAREORRRU IHE
RGO ORAED S D 2R LTS ATREMED S, LD & 512, AWFETIIHUEOHEREREI N A,

LA DPER LR AR ERNT BB LT, e AR A TA D L O IT LTz,

18



3-4. dUBEARAT

2 TR AT & BIEOFE 7L S A HEE T 5728, AT CLAWP (Climate Leaf
Analysis Multivariate Program ; &f & SEDZIAS BT ; Wolfe, 1993) fRHT & TR DO EHIERIZL D
HRIROMHT (VA : Leaf Margin Analysis ; Wing and Greenwood, 1993), 735 ONZHERFHIC & B4
WK EOMT (AA: Leaf Area Analysis ; Wilf et al, 1998) Z1T-7-. fRATICIZYSIEO4 Fi
BEDORAEZRFE L T D B DNDIRRREAZ T BT, R R LT geft
ST 2720, AEE ARG REH U7 RO b~ ~ R (Tanai, 1971 ; X

N N

1), AGHREEEET 7 D PEH Lf:?&%ﬁqj%ﬁﬁ@%i%?%fﬁ%ﬁ (Tanai and Suzuki, 1965 ; [XI1), JHEHE

<L

%ﬁﬁﬂ%&ﬁbt%ﬁﬁ%ﬁ@%tﬁﬁ%ﬁ(mMiwdmwm,w&;mn,tﬁﬁ¢%ﬁﬁﬁ
e (OB Hiue)» B REH U7 RROFTRD 2 0 o 2 XV fERE (Tanai, 1961 LE0K,
1967 (Z35\T DHRFARMRE ; Al - 2%, 2018 ; X 1) (ZOWTH CLAWP (2K W IRIZE~S 8 THH L4F
IR KBS DN THENT L7, s, MUCARIZE TG & Uiz EA TR 2 & OILABRZOWTIE, LA
TZIRAD K ITREBOELAIZOWT, 20 # 1 7L EORE (T7ebbilida 20 HFHELL BT
) DA DEERT 2 MEENR 55 Z & L) G272 LU=, CLAMP T x5

ClI Loz,

(1) CLAWP (Climate Leaf Analysis Multivariate Program) ffro> 51k

CLAMP | ZIABEREBEDINE EORH GERBD &\ RBigiED—oTh 5. SEY, FHEO
EDDIFONT BT — & L 2 OHIROSET — 52 % b LT, SEEMTO—TETH 5 IEER G
7387 (Canonical Correspondence Analysis: CCA) % FVNCTILAREEOIERRBL R EOKERA T
ZRDLFETHD (Wolfe, 19955 K, 2002).

CLAWP TiX, dbXkomik, BARZREOBAMAE LSBT — 22507 —%ky b
(Physg3arcAZ/breAZ 35 JLUNMET3arcAZ/breAZ) AMEDIVTE 7273, MUl T Ko CTHENTOfEHEELIZiE
W% 7e EDRE (Gregory-Widzicki, 2000) MOHAET—Z &y bOILFAEMTHED HILTND
(Hinojosa and Villagran, 2005; Jacques et al., 2011 72&). RED/S— 2 AT AARENOT
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— A PAFNCEENTNDTZ, Wolfe (1995) R°Wolfe and Spicer (1999) IZf€V>, “alpine nest”
TN D FIBHODT — 5 Z RN 144 HFROT — X 3B 72 H¥EREET—4  (Physg3breAZ) &KUET
—% (MET3brcAZ) Z VY, 4FI5GR (VAT), FdliEH OFLEIR WMD), RFEA OFISGR (D),
HYERIRD 10CE Bz 5 H DR S (GROWSEA), N HDH DOREKE GSP), ZHHDHOHMPEY
fE/kE OMGSP), HRBIBEDE 3 »r AR HfkE G-WED), KOO 3 7 AHIZBIT
HREKE (3-DRY) @ 8 HEIZOWTHHT L. F72, WMT & OMT OZEBLAIRAFRGE MART) H5
U7z, 7ok, FEMTICHZ CLAMP 7—4 > RBLT, RaT7i—h, XLy RU— MNITRTY
=7 ECABRSNTEY, MERT—F%2T v/ m— K752 L THTERL Y =72l TTH 2
EMAMRETH D (http://CLAMP. ibcas. ac. cn/CLAMP_Home. html). LAF, FIETH 5.

1) FEPHEARET OILIEB OIZREABIEL L, THRRD X A T3 T%4TS. D& &, D &b 20 FREELL
EOFRES A THIRN LTI TZ 72, D DVEFN e 20 FEC/e E B RV bbb, 3
[FIENH-T-E LT, BRI 20 7357 — 2 DL ED LB S SIUTHRNT S ATRE T 5.

2) TNENDED L OEE AT — MIELDHDH. AaT v — MNCIZOREMEAREFH DT
ORI HOHEIEIRD HILD. BIZIE, HOBENERIE (Lobed) ThIUL 1) ZATIL, 5
TRUFIUIAT % L. ZHEETORETT) 2 & T, (LA OZOIEOEIR RO BLS.
DEE, EORESREDINED L OITEERBO OO EI IR OHEBIC 1) 2 A0 LR
FTE % L5 TR S TWD. ETz, FHAIDERACAORARIED BAF TI3R2VETY, 4+
TOHEREEL 72 & DE BN WA ATRE 2 b DIF T — 2 & LTI AR THE LK Z AR

3) CLAMP 7 —# v MZ EGE 2) £ TIToTAbAREDT — X ZBiAERET — 4~ | (Physg3breAZ)
(BT 5.

4) ALAREEDT—Z DB FRE 3) DOYEREIT —2 % csv 7 7 A /VIERITE#LL, PriEd Bt

HA b EIZT w7 m—RL, PhysgdbreAZ IZkGT D5UET—4 (MET3brcAZ) & OBEMRZMHTI 5.

o

I}

TEAREEDF MBS 7 — 7 OZERRBL L U5 & DRYRICITEZ MF ST, L OBEREDOAHIF
HD. ZOEERG L UOHBESN TS AT Ly R— MUEG SNE THEER RS D

2.
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http://clamp.ibcas.ac.cn/CLAMP_Home

(2)  HEOFEHOA I L DIBEOFFEIZIROHEE (VA : Leaf Margin Analysis) DIk

WS FOIRKERS OEY, A7 HITI S EIRt A © 0% (R 72 <, IR S RHiE
VYIRN—JT IR AR 700 EE (B0 258\ (A, 1993 728). ZoBREE(LL, £
FASWTHER RO THRIRZ BT D 7D IMA (lolfe, 1978) Thb. Jeibd CLAWP TIEZEZE
BT L 0 ARESIR BT 5723, CLAWP TR LA FASKIEOME & OREHEZHERL, 71X
F v 7 EAT O 12010 b Z ORI L 0 B R PRI A B 5.

FRFREZFEHT 2RI OWFEE S TOD D, W WL ATEOSBIEEE B) 1 HF
PR Mean Annual Temperature : MAT) %3R5 & 7> Ts. Z Z Tl Wing and Greenwood

(1993) 12X DA E WD T FIIRT.

MAT (C) = 0.306 X E + 1.141

mk, ZITWoaeBHER B) &g,

Al A b O NIERTE
E (%) = SRR X100 (%)

TRDDH T LNTE S,

FFiod Wing and Greenwood (1993) Cili~7=HKD p fii (FEMER) 130.001 AT E720, FHRSRSKL
RISOWTIE R=0. 983, FEERET 0. 788°CTHY, (RHIEA R <, HEHRGEL NS WREXL S
Zbhs (AH, 2018).

7235, LA CIHEMLARACE DO L - C, BHI A EIRIROMICE b
MDD Z EDMERSIVTER Y, FORRAEZ RO D IEPERSILTND W1E, 1997). Z0iEAo

MATHE, RATTRShS.

P (1-P)

r

o [MAT] (C) = ¢ /\/

ZORITEIT B P LIIeHEL b OS2 2 A IESTE TR LT-E, 70 b aBdER% 100
THRLUAE 0 < P < 1:324bbP = E/100) T, rlIREIERESTHY, clIWilf (1997)
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WAV, Wing and Greenwood (1993) 12 K AEOME#0. 306 12100 2= U7-HD (¢ = 30.6) ZHW

7z.

(3) HEmFHIC L HFMEKEHEE (LAAT Leaf Area Analysis) Dk

P /K B DL\ I F & TABERT O BERIFEN R E <721, B/KEDVD 2V il I EHEERED NS < 72D
M3 % 2 L AR L CHEER R OFRIM K B A B2 51523 LAA Th D Wilf er al, 1998).
AERIRKBOHEEIZ DTS, CLAMP 75 B SAERIROK BN L 0 K& < 22 DA 5
METpoTEY Wilf et al, 199872L), BUEDT 17T LTI CLAMP 2> AR K RO ERE
OBz TV LoaL, BYEOHIEE & 1RSI0 DWBEOIMEDE D, KR
DZIEHIBERRE L BB EBZ BRI 2 B2 O TV DT (R, 2002 72L), HERIFE L MKED
BIRDND, Wilf et al (1998) ClHEEDEMBKREEZRET HRREIERL TIN5,

In (MAP) = 0.548 X MInA + 0.768
KR MAP) %, BUEICHIW DREREOSERIFEO ) MInd) 22H3RDODBL > TS, 708,
MInA 13,

MInA = X (aipi)
Tho.

22 Cal SIIAHERFEA T T ) —OREFmFED HIRKEAEOAHE, pi LIIRIEGREN T T — D%
CEORROEIE ThHS. 7238, ZORD p il 10715, AR R 2OV TIE R2=0.760, EiEiE
130.359cm TH Y, ZH L BEEMNES, BB TUNSVWEEITH D, A TIEEIUIES T,
K EEZRE LTz, 72720, LAAICOWTHE, BERHERET 2 £ CoMfiamfe CHEd1 XITm Y 23k
U720, KUEPEET A b8 52 TV 375 2 L bt Ti Y (Wolfe and Uemura, 1999),

LAA (2 & D MAP DAEDFREIROBRIZIE, = DT —4 B CO LB DT THhZ2 Wb D & LT,
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4. IEErEE

4-1., FER

(1) A DEER & FEEERERL

WIS, TR OB AR ARG & 0 FEH L. R B B U R AR
N ESROBEAHE 200m, FEAL 80mOFFAZ RN/ L (K13, 4), JEFHE FE OB AR
IZHHENTWD (M4, 5-A). AFBICIT IR SREES RO b5 2 (K4), AEBEO FEIEE
WCHATEHO L FELTIRE LV 720 (X5-B-E, 6), E&RiZm- THAFE~EMREL, ~T 78
RIATEFRANIGE LT - BEEE & 70 (KI5-F, G). RIPIRIED BV WM LA TR T4 THEE A

(FREBIEIZ Kn-1,2 & L= 5 X4, 6) NDHEEETD.

Kn-1, Kn-2 ORfEHEND, BT 2387 MOKEHEM LA OWTIETL, 14 B 21 J& 33 FlAfife
R GR14). ZbOWmEERICIIRE ZHBZE IR B - 72O TLLU T O ClIIsrafE
WiEE LC—HET 2. MES SV BRI THREAE CH Y, B 1R 2 J8 4 1, #rhit
XT13FH19 B 28 FHT, T ) HHEFEAIX 1 FEOLThH 7. £z, TR ARHORET-L AN bA
W 1FE (Carpolithes sp. 1) HEIVTUE. FHRHAFMZ —EIR OO, MFREZEZHNDHY =
U HRHEDRE AT (Zingiberites sp.) % 1 G ATV

Bb %< OFEREE G A TW=OIEIH N RO 2 & (Alnus, Betula) 5T, ROSYTHFED 2
J& (Populus, Salix) 4FECHD. UL 2 PR 1IE (Acer) 4 Fh, /TR 2 )& (Prunus, Sorbus)
3ETHD (ED. HOEFELIZDILT TIRDOT 7R ) A XT7F Fagus palaeojaponica ($E) THY,
LA DRI ORI 45. 8% % LT (F2). ZIUTRNTEED LATHRIZET 501X, 178
DOF RV ) XAHFFECTHD LA F KU J % Acer subcarpinifolium (B« 3F) 789.0%, ¥ X
O Salix misaotatewakii (Z£) 735.9%, HTTJRD A protojaponicum (HE « BE) 735.7%, +~v
L)@ Piceasp. 1 GE- T 2—1F) 4.1%, WU NV RE Piceasp. 1 (FE) 733.2%, 7VF%)R
D Cladrastis chaneyi () 7 3.6%, 71> FJ&D Cercidiphyllum crenatum () 733.5% T -7-

GF& 2). £77, X XBD Betula protogrobispica (BE) /N> /) XJED Alnus sp. 1 (FE),
23



& BIRPIHEEE 15 |

el oS ,
!
i:i.l'
&7
&
L] ..ﬂ
"
OE eg
&3t - Kn-1/Kn-2
(GHratEYnEE; X4)

i

£ || FABnEE F17

Ba-BERERE
MR RIRER SR aEE

EREX) MIDPEFEDERE
ERE, E27E)

3. AU OMEIX]. [HrRIRE, _EARREIRER I OVEARN &) P ORI LA REERONE b
Y. Y < /MU (1955), FEAIEDY (1965), /MUK - JFEA (1965), /NMUNIED (1970),
EREED (1971), b - 0 (1990), [ (1994), FHIEA (2012) ZKEIT/ERk.
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Alnus protohorsuta ($) 72 EDF1/3 7 FFL S LA BITRHNVTHEHENZ ) -T2 (£ 2). T8 Acer
DR IFH, VU VIV R Pterocarya sp. & NV B R Picea sp. | DFEF-ZFRE, ZHLEMDIZE
A EDREERE ORE STV, Zb b ORERBIOHAHIWT bR A L, HERIRHIEL (R
FROZFENZ R T LB 2 DNDTD, RK2ICEDTND. 7ok, EHFIEIIIRONTWD, B3 XF




FLAI BRRET L) W
O zicrem Kn-1/Kn-2 &
TCHERE
o) RIRAEEEE TSy F5UYLTVAERE

o AR s

] AR ER SRR

o HEETNS o 5 (B3
N ¢  EmitEELHhE(ELE)

X 4. JEARBIENDON— b~ 7 GERENrEEE B S Te e BEayoAh) . siiED (2012) %
W, — h~ v ORI 3 5.

DN ) FXJE Alnus FT203H/3 ) X8 Betula & B2 HAVOREVALR, bRV 2@ Fraxinus sp.,
Y VI8 Rhododendron sp. DREDFEHHHER LT, FEH L7 0 8RE DLl OBIAFEDO A RE A BT 5
&, REEDAKNED THY (#£3), Z<AILHBHCHBHABT LTS HDOTHoT- (F4).

RO REZERLS 20 RO S B, v a U RO Zingiberites sp. ZBR< A BITAFRDOIRHAE
HER 2 BT, AUEHOGRCAG RS, VERE A ARO R L S\ BIC R D, Zingiberites sp.
(I4H%D S bR FEFIIREDILETIZD 503, ZHAEDY a U B RHEAI D TEELL 721
RECh Y, ZObfA LR CEOREL b OB EOIMHEEIZIIFAE L7220

7B, WA PEHE OREFEERBEDOREMZ I 5 72018, A OB 27223, Kn-1, Kn—2 &
BITREEFDEE LA IR S22 Tz

@) e A ORRK

Kn-1, Kn-2 OMEHEZ S 51 A E AT, 4818 (M2 OIEIZ Kn-1L, Kn-1U, Kn-2L, Kn-
2U & 3°2) BAE A E - (K 6). 4B baldat 14 5FEREZ [FIE LTz (#5). 2k & LT, Picea,
Fagus, Alnus, =VROPFEHEIGA G, SEROFIIEIN A DRRL L REIZERITZ. LavL, K

TV A THEDHER S VTR Pinus, Tsuga, &/ IRSRHENTED, HHZKn—2U Tk /¥
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5. KFBORINGTHE. A EHEORIKARSSE, B-H  IMFEEREW S IeaHE.
A, BURAESERE (BFE). N~ —ORE X3 30cm. B, EHEKn1 & Kn-2. A7—/l3—=
Im. C. JE#EKn-2 OTEH. N ~—0OESIE 30ecm. D. JEHEKn-1 OFATHEE. iR
=25cm. E. BYEKn-1 OFHHIT 2. fiR=25cm. F, G. b7 7A@, F i,
Gl EHETHD. FON~—ZREM 30cm. G DA —/L 3—=50cm. H. A7 7%
i PR =25cm.
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K 1. WFERERE TS £ 0 S HERE.

Division Pinophyta (Coniferophyta) (Ek5%4H)
Family Pinaceae (<~ #})
Abies protofirma Tanai
Abies sp.
Picea kaneharai Tanai et Onoe
Picea sp. 1
Division Magnoliophyta (Angiospermae) (#%1-#i47)
Family Zingiberaceae ? (> = 7 A EL ?)
Zingiberites sp.
Family Cercidiphyllaceae (% )
Cercidiphyllum crenatum (Unger) Brown
Family Vitaceae (7 K 7 %})
Vitis sp. 1
Family Fabaceae (= 2 %})
Cladrastis chaneyi Tanai et N. Suzuki
Leguminophyllum sp.
Family Rosaceae (/37 &})
Prunus protossiori Tanai et Onoe
Sorbus laceolata Tanai et N. Suzuki
Sorbus uzenensis Huzioka
Family Fagaceae (77 #})
Fagus palaeojaponica Tanai et Onoe
Family Juglandaceae (7 /v I #})
Pterocarya japonica (Tanai) Uemura

Pterocarya sp.

Family Betulaceae ( 77 /% / % £})
Alnus protohirsuta Endo ex Uemura
Alnus sp. 1
Betula onbaraensis Tanai et Onoe
Betula protoglobispica Tanai et Onoe
Betulaceae genus et species indeterminate

Family Salicaceae (¥ 7 #})
Populus sanzugawaensis Huzioka et Uemura
Salix hokkaidoensis Tanai et N. Suzuki
Salix misaotatewakii Tanai et N. Suzuki
Salix palaeofutura Narita et al.

Family Sapindaceae ( 2 7 & %}
Acer rotundatum Huzioka
Acer protojaponicum Tanai et Onoe
Acer subcarpinifolium Tanai
Acer sp. cf. A. fatsiaefolium Huzioka
Acer sp. cf. A. rotundatum Huzioka

Family Actinidaceae (~ # % E'%})
Actinidia sp.

Family Ericaceae ( > V%)
Rhododendron sp.

Family Oleaceae (€2 & A #})
Fraxinus sp.

Taxon undetermined (/) 3EEEREE)

Carpolithes sp. 1

B3 16% b @£ TRY, KA DR E 38R >Tnd (D).

@) ERSRTRR

IRRRE CITAZERTAY 20 FELL L& I CU7zh, CLAWP & IMA, LAA 2 X 25T 217~
Tz, WIFREIRED {5 R 33 6 DB Y LipoTz.

CLAMP OFEATHESRIE, A-THI5IR (MAT) 238.2 °C, HdEH OWEAIR M) 2320.3°C, HFEHD
IR OMT) 133, 1C, AR 10°CE#iZ 5 H  (GROWSEA) 235.4 » A, T HDA DR
K& (GSP) 3616 mm, HRPFIRIKE MMGSP) 23 148 mm, A bHIBEEOE3 » AR G-WET) &b

1R 3 # Al (3-DRY) (2B ABEKENZIEIL 463 mm & 453 mm & 78-7- (F6). 3-WET & 3-DRY
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B

Kn-1 Kn-2
R

FL5I
WEES ) TR e
[ RRERE 2 SRR
B B AR5 7l
Brime EIREZ=
— B RS SH =R
d’b
'ba Q\(Z-‘oia
. 0@ S 5 / o) /bel
o© o & o @ W e Vg & #
o oVl i Pl of

__ Kn-2U
| '_ Kn-2L
|

Kn-1U

| | Kn-1L

- '-{"‘ -

Tsuga Alnus Fagus Taxodiaceae

@HA5L) Picea

Scalebars =10 Lum

% 6. IRGEKERD S E OFRRX.
NheweapefEiE (Kn-1,2) (Nz, (BB bapEETE
(Kn-1L, U, Kn2L, U) EFEH LA bRT.

% Narita et al (2012) %2,
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% 2. WIFAREMRE DA YR OPEH R LI,

Numerical abundance and ratio

Taxa organ  Kn-1 % Kn-2 % total %

Abies protofirma cs 1 0.1 1 0.1 2 0.1
Abies sp. if 3 0.3 1 0.1 4 0.2
Picea kaneharai sd 1 0.1 1 0.1 2 0.1
Picea sp.1 If, sh 18 2.1 79 5.2 97 4.1
Csd 11 13 66 43 77 32

Zingiberites sp. If 13 15 1 0.1 14 0.6
Cercidiphyllum crenatum If 36 4.2 47 3.1 83 35
Vitis sp. 1 if 7 0.8 7 0.3
Cladrastis chaneyi If 71 8.3 14 0.9 85 3.6
Leguminophyllum sp. If, Ift 3 0.2 3 0.1
Prunus protossiori if 1 0.1 1 0.0
Sorbus lanceolata If, Ift 3 0.3 3 0.1
Sorbus uzenensis If, Ift 7 0.8 2 0.1 9 0.4
Fagus palaeojaponica If 314 365 779 51.0 1093  45.8
Pterocarya japonica If, Ift 29 3.4 19 1.2 48 2.0
Pterocarya sp. fr 1 0.1 2 0.1 3 0.1
Alnus protohirsuta If 45 5.2 33 2.2 78 3.3
Alnus sp. 1 If 23 2.7 24 16 47 2.0
Betula onbaraensis If 5 0.6 9 0.6 14 0.6
Betula protoglobispica if 43 5.0 34 2.2 7 3.2
Betulaceae genus et sp. indet. sa 3 0.3 3 0.1
Populus sanzugawaensis If 28 3.3 42 2.7 70 2.9
Salix hokkaidoensis If 2 0.2 2 0.1 4 0.2
Salix misaotatewakii if 63 7.3 77 5.0 140 5.9
Salix palaeofutura if 1 0.1 5 0.3 6 0.3
Acer rotundatum if 16 1.9 36 2.4 52 2.2
Acer sp. cf. A. rotundatum sm 1 0.1 1 0.0
Acer protojaponicum if 49 5.7 84 55 133 5.6
sm 1 0.1 1 0.1 2 0.1

Acer sp. cf. A. fatsiaefolium If 5 0.6 4 0.3 9 0.4
Acer subcarpinifolium if 53 6.2 155 10.1 208 8.7
""" sm 3 03 4 03 7 03

Actinidia ? sp. If 1 0.1 1 0.0
Rhododendron sp. if 1 0.1 1 0.0
Fraxinus sp. If 1 0.1 1 0.1 2 0.1
Carpolithes sp. 1 sd 1 0.1 1 0.0
total 860 100 1527 100 2387 100

cs = cone scale, fr = fruit, If = leaf, Ift = leaflet,
sa = staminate aments, sd = seed, sh = shoot, sm = samara
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7% 3. WIFEREIIRE DBy ERE DT B AR & HEE S D A5,
ITPBIAREOREA KR (2012) 1I2HEESWTND.

Sy JAE

AT

HEESNDEER

Abies protofirma

T

Abies sp.

firma

Picea kaneharai

torano

Picea sp. 1

pliy

A. firma
A

P.

P.

glehnii?

Zingiberites sp.

Zingiber officinale ?

Cercidiphyllum crenatum

C. Jjaponica

Vitis sp. 1

V. coignetiae

Cladrastis chaneyi

C. kentukea

Leguminophyllum sp.

Maackia amurensis?

Prunus protossiori ssiori (= Padus ssiori)
Sorbus lanceolata matsumurana
Sorbus uzenensis commixta

Fagus palaeo_japonica

Japonica; F. multinervis

Pterocarya japonica |/ Pterocarya sp.

rhoifolia

Alnus protohirsuta

hirsuta

Alnus sp.

serrulata; A. serrulatoides

Betula onbaraensis

grossa

Betula protoglobispica

ISR ISH S IS IRl PN Bl Bl e

globispica; B. ermanii

Betulaceae genus et species indet.

Alnus spp.; Betula spp.

Populus sanzugawaensis P. suaveolens
Salix hokkaidoensis S. koriyanagi
Salix misaotatewakii S. gracilistyla
Salix palaeofutura S. futura
Acer rotundatum / Acer sp. cf. A. rotundatum A. pictum
Acer protojaponicum A.  Jjaponicum
Acer sp. cf. A. fatsiaefoium A. miyabei; A. saccharum; A.macrophyllum
Acer subcarpinifolium A. carpinifolium
Actinidia sp. A. arguta
Rhododendron sp. R tosaense?
Fraxinus sp. F. lanuginosa

9

Carpolithes sp. 1

N NI I I I I I R I I I I R R I R R I I I B N A T B

T @ Tree(BA, W@EA), S : Shrub(&AR), V : Vine(mAMAEY), H : Herb (FiAR)

DFFFTFERIIHTEZED 722 L DA A8 U CRBROBKED o T2 LGET D &, LK E
(MAP) (1,830 mm &72%. F7=, WMT & OMT O BFRSE MART) (323, 5°CEHEE SN 5.
7233, CLAMP |Z 2 = CHEFRBLE SUpegelE & 153D B £ BRI B CilrfEl S 41 (Wol fe, 1995),

ZIHAD & BT KUWGESAE O TR R 2 FZHME MET3br) D155 & OIEHE(RA (Standard

deviation) 3% %. ARIOFEEDEERERZETFHR 6 DMWY THD. ZOfEIE CLAWP [IZPET L &

2D ENTED (KES, 2002).

30



F 4. HIFRIREOR IR ORET SH D EHERSL.
© : BT 2%, O : MR LB CEEH 55050

53 FARE ST B A FE T Hi il e (L& E 1L 3h

Picea sp. 1 P. glehnii? o° (@)

Jigiberites sp. Jingiber sp. O

Salix hokkaidoensis S. koriyanagi O

Salix misaotatewakii S. gracilistyla O

Acer subcarpinifolium A. carpinifolium (@) (@)

Cercidiphyllum crenatum C. Jjaponicum O

Pterocarya japonica P. rhoifolia O

Alnus protohirsuta A. hirsuta O

Alnus sp. A. serrulatoides (@)

Populus sanzugawaensis P. maximowiczii O

Fraxinus sp. F. lanuginose O

Cladrastis chaneyi C. kentukea O O

Fagus palaeojaponica F. Jjaponica ©

Vitis sp. 1 Vitis sp. O

Leguminophyllum sp. Maackia amurensis? o7

Prunus protossiori Padus ssiori O

Betula onbaraensis B. grossa (@)

Acer rotundatum A. pictum (@)

Acer sp. cf. A. fatsiaefolium A. miyabei O

Actinidia sp. A. arguta O

Betulaceae genus et species indet. |Alnus or Betula® o7

Rhododendron sp. R. tosaense? o7

Salix palaeofutura S. futura O O

Acer protojaponicum A.  japonicum O O

Abies protofirma A. firma @)

Abies sp. A. firma (@)

Picea kaneharai P. polita O

Sorbus lanceolata S. matsumurana O

Sorbus uzenensis S. commixta @)

Betula protoglobispica B. globispica (@)

Carpolithes sp. 1 — — — — —

# 5. WirOIER LA DER R L FIA.
qta) % 0 <] g Q =

3 Q9O . 3 ] 3 d S o

JE e % % % % % % % % % % % % % %
Kn—-2U 0]34]22 0Ol 3]|2(|26|14)22(11|3|[1|1]0 045]22 0l2]1f20]9 11158
Kn-2L| 2 | 2 | 57|44 01714 3116921121 022]11 0l7]3]10| 5 01130
Kn-1U 02927111 0Ol 6|4f22|16) 1|1 1|[1|2]1]25]|16 074137 0| 107
Kn-1L 0|56]53 0 0 01912 1] 1 0 0127]16 of1]1]2]1 0] 106
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% 6. WRHEIRED S HHEE S7- CLMP, LMA, LAA |2 kA &gt g 8232~ ~2Y (Tanai,
1971), 484 (Tanaiand Suzuki, 1965), % 7> =X (5H « 4%, 2018) LHAED 5 #uls (F

g%, T, BEE 801, HIR) OF—XZERLTWA. kHED (2012) (124 « (EIE.

e [romefonontdy e ool gusurene Bt
A1 (3] BT

CLANP, LA, LMD DR ShEBRESK LB R I #ER | BOE [99vary| BE xiE T Enllll H iR
WAT (Wean Annual Temperature) [°C] 1.72 8.4 8.2 10.6 10.0 8.7

HAT (Mean Annual Temperature : LAK) [°C] 0.788 1.7 5.1 9.2 11.9 6.7 LT 3y 68 82
VT (Marn Vonth Nean Temperature) [C] 180 30 2.3 234 2.6 2.8 2.5 19.0] 18.6] 20.2] 22.9
CNT (Cald Month ean Temperature) [°C) 25 -6 314 -1.61] -0.88| -3.83] 5.2 -10.3] -10.7f -h.1] -29
NART Olezn Annual Range of Temperature) [°C) 5 0.8 23 5I 255 225  25.6] 26.7) 29.3] 20.3] 25.3] 26.8
GRONSEA (Length of the Growing Season) [menth] 0, 85 5.6l 5, 4I 6.6 6.2 5.7 5.5 4.5 43 5.6 5.7
5P Browing Season Precipitation) [mm] 318.0 868 616 776 511 629 710  590] 780[  680] 1130
WNGSP (Mean Monthly Growing Season Precipitation) [mm] 36.7 15 148 i 138 140 129 131 181 136 198
3 —WET (Precipitation during the thres Wettest nonths ) [mm] 138.1 53 463 548 419 546 470 460 540 490 790
3 —DRY (Precipitation during the three Driest months) [mm] 89.9 305 453 529 433 203 360 340 500 370 560
HAP (bean Annual Precinitation : LA ) [mm] 3. 59| 15600  1830] 2211 1655  1541] 1280) 1380] 1600] 1450] 2230

WAT: FFHRE WNT : XL EEGCAOTHRE OINT : Rt EATAOFHRE. MART : [REEE (WNT-CHNT THH ),

GROWSEA : iEAFHMEO RS, GSP: EMAEEMHOBRKEDAST, WGESP : EMEEMROBRKEDTFHIE,
3—WET : 3 BRAA 3NARIOERKEDEE 3—DRY: RLEELLINARIDEKEDEEH, NAP: FREKE.

LMA (T & % MAT DFEHTREFRIE, BRREERD. 16, 0%FEE & 72572728, 6.04C LWV I ENFLNT-.
SEITIBAT CLAMP {2 K2 MAT DL D oREVME & Zp o7z (FR6). 72721, Wilf (1997) (k545344
FEOEUT LD VAT DFRFEIF 2. 32°CL 72D, RFEEZ XD L, CLAP & LMA DZZH0 MAT DOfEIK
7P BT

LAA 1252 MAP OFEFTFEFIC OV T H3K 6 IR Lz, MAP OFBfii7ei AL & #S3k o Th
%. WRREEE I LA DY A AD%HT =) —IZOTC, Microphyll 2 23 19%, Microphyll 1723
38%, Mesophyll 17331%, Mesophyll 2 738%, Mesophyll 3 23 4% & EN TV (RT). ai #&0
T 2 Y —DIERFED B RO THIE Microphyll 2 72 51X 6.9, Microphyll 3 72 51E 7.9 72 & ; Yabe,
2011), pi ZHHEIA DT AV —DEIG LT DL,

MInA = Yaipi
TERINDND, WREIREOSE, MInA 1%

MInA = 0.19x6.9 + 0.38x7.9 + 0.31x85 + 0.08x9.1 + 0.04x10.9 = 8.112
Lienh, ko7,

In (MAP) = 0.548MInA + 0.768 = 0.548%8.112 + 0.768 =5.213376
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2DT, MAP = 183.71 em 2MEDHID (F7).

LLEX Y, (SRRt IR K EIE 1, 837Tm L 720, JElTHEE Liz CLAMP @ 3-WET & 3-DRY 0
FEMTRE A 8 LT BUER R (1, 830mm) LIHEFEDIMELE o7

723, WRTREARED DA DAV KBS & HUBHRET T 272D, Y0y (Psgrttaiy] ;
Tanai, 1971), #4 ¥ (BBEAFHHE ; Tanai and Suzuki, 1965), BFA%E (RiHAMERTH ; Tanai and
Suzuki, 1965), & 7L =X (HEASCHTIEEY ; AR - 0%, 2018) ORI LARED CLAMP & LAA IZ

DUVTHITY, BUEDRHAED RIS L & bIcR 6 LR TITRLT.

4-2. BE

(1) R

IR E R S TR E O T SIHERII RS2 A TEEBREEFEC,  FAUTA T 7N
R s g (M54, 6). EETIEL 0 MRS - BESFRIZHE L Tl h, ZbIZ b7 7ARKES)E
FEOHRARIS R GRS NS (K 5-F, G, 6). ZAUSIIAEREOHERE RS, IO KEERND
WENANERBE~E (L L T oo Z 8RR LTS, 0 X 5 e HEFEBREE O 2 I Likh)» & o
NN X o TAECTT A2 DR, T2 BIfRRORMER BT 2 LRSS (K6 L 7). K
ERE SR ABEEARI I PHENTZ K O 700 an 32 &1, AR SHERS L7210y HAiil o> T
TERL S NIz RATREME 2 e T 5 &5 2 bID. FEREITEIRKIIMHERICE 2, AHEICH /83 A
BEPKILKDY LIZ UIEE EL D, DT LA EORERES 5 KILTEE DR %2 K& < =TT
ZEEMAGNTHY, RHEFISGROONHAT TG E S, 29 LIoKINEE R O ¢
LZaus, BREO &5 Z2lra B ERb A e S OHERBREE O, WRIEIREE, W+ < ITAHE
T 5 1L DAEDS A VA A THERE L CTE 2R L B A HALD. Kn-1 B LU Kn-2 2B FEH L7cAiY)
EADREEDIESTIL L WS T RFEDIRE N D705 Z LI, AREE)E S L8 CRpl 23217
7o 2 BT D, —fRICHERIGI I WHAED B 2R DRI LA DY A XS IERGR AR L,
BESED T TDMRFE DN HF, HEORME F 7213 mIEN 0 IR & > THERE L7220 & W o T RF% A
FFoZ LB NTWD (Gastaldo et al, 1996). AFEEIIIEIOE~TRHRTMNZ, FEORE IH

W DINCIERI M 2R S 720 2 L D RMMEDOIHE TH 5 LHlrE LG, AREICE N HMICI3T
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ERAFEANAIRE « SEREOTSE L2 2 HNAY UV IVIE Pterocarya japonica, Rv ) XJ& Populus
sanzugawaensis, ) FJ& D Salix misaotatewakii & S hokkaidoensis, 1 =T )& Acer
subcarpinifol ium 75 EI3GRD HIVH—HT, TFIRDT 7R ) A XT7F Fagus palaeojaonica, 717N
J %)@ Betula protoglobispica, b7t & Picea sp. 173 EIIHBHEIZAEE Lz L &2 ONHHEE KE
IZEEND. ABOHREEREEE HETEXD L, ZOZ L1L, W IR % OFRE « Sk -
LHhORAZ T DRHECTH D Z LA T2 (X7).

IREREREDAEAIT, AREREAEET U= B O EHIIESe, B L e HIET
X%, ERBOBIKAES (X5-0) RLLILLERAD B O DOFEHFEEDS S ST s, 42 -
W (1982) (IR o009 2 ATEOEIK ARSI 5 EN 0 Z I EE A5 13.310.9 Ma D
K-Ar FFRZHE Uiz, RIUEERNBIE, HEEED> (1995) b 11.820.6 Ma D K-Ar FARZH#E LT
5. ZIHOEE, KRB LR LB 6N Z T T U FA)E (13.7£0. 7 Ma, 13.8%0.9 Ma:
eIy, 1981) BROF =Ry FA J@IEEDO KPS (12.470.7 Ma: 52 - I, 1982) D K-Ar 4
REBRERFIEITR. —TJ5, FE L NEGEIRICH 2 T PHfE R 7 & 13 A
DNPD4A (14.9-15.9 Ma : Yanagisawa and Akiba, 1998) Z 7 BT 2 R’UERED Denticulopsis lauta )y
ST 5 (EfBIE0y, 1984). SR &b I8 & ARSI L OVRENE RO Z L b EX HDED
&, R ER AT R QP i c 7= 2 LT S D, L7edd>C, AEmRES
FHA T ORI LATRECTH D LT CE 5.

@) At

REAT (1991) 1%, IR DEEHT DML 58 DS, TTBOT 7R ) A X7 F Fagus
palaco japonica ISPEHIED 84%% 53D HIEEFECTH D = & A45H Liz. AIE TR 2, 387 mOEAZ
Wt L= 25, E palaeojaponica HSEEHRIAELD 45. 8% % 5, Ak (1991) ORL7=F—# &1
FZERDNH LN, AFEOEEFETHLZ L2MR L. £, W=TROLHATF Y /¥ Acer
subcarpinitolium, A. protojaponicum R W /)& Populus sanzugawaensis 7Y, SEXODVEHEILTERS
\Z MU B Picea, BB Abies O~ Y BVHIESIER VAT S5 Z L bAGNE o7, Fagus
palaeojaponica &% U, HEHIZPES DACATROUTEARR DO T b IR &2 615,
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#27. LAA (Leaf Area Analysis; Wilf et al, 1998) |2 X DA /K EOHEENH.

CLAMP [ZXAZEHEN 7T —
& —~
@ = - o il . x it - [ g
gl Bl sl sl sl |E|¢<
¥l = S S S g g é
. X b= p= p=
LR R -
AT S it BTS2 241 0.00| 0.02] 026 049 0.18] 0.05] 0.00] 7.79]| 5.04| 1541
AT it FREE 451 0.03| 0.01| 0.18] 0.35] 0.34] 0.08| 0.01]| 7.92]| 5.11| 1655
%t 44 41 0.02] 0.03| 0.32] 035] 0.22| 0.04] 0.01| 8.45| 539| 2211
A o R [ 29[ 0.00] 0.00| 0.19] 0.38] 0.31| 0.08] 0.04| 8.11| 5.21| 1837
e TRl R SOV 28] 0.00| 0.05| 0.23] 049 0.20] 0.00| 0.04| 7.81| 5.05| 1560

In(MAP)=0.548MInA+0.768

MAP(Mean annual precipitation): £F [ % 7K 5

MInA= X api

EmELTA)—  LsWhmi)  In (Yabe, 2011)
Leptophyll 2 50~200 4.4
Microphyll 1 200~600 5.6
Microphyll 2 600~2400 6.9
Microphyll 3 2400~5400 7.9
Mesophyll 1 5400~9800 8.5
Mesophyll 2 9800~16000 9.1
Mesophyll 3 16000~ 10.9

ai: VAR H TV —0 B IR IAE DO
pi: BEmMBEA TV —DEIA
R2=0.760, standard error of the estimate=0.359

Zingiberites sp. \XRBE/REROWREMENH D7, FEHEUIZE < 720, IHFEHRE IV A O
G UTRAEZ R L, BRmHRORAEEZREZ L WD EfmoTond (7). 7FREIILHETD
TIEIRERN B 2 A2 2, WA 22 £ 72V VRFEE, AHIED> (2012) P Narita et al. (2020)
TR LTV 0, BT U7 ORAERSy (Wang, 1961; Wolfe, 1979) TALVEZE A SERNEAZHR (Mixed
Northern Hardwood Forest) (Z&HiL5.

TEREATREORAR b RIUHE A DRIRL & HFHEGHI T, MU C R Picea & 7))@ Fagus ML L
TV~ (#5). Traverse (1988) Tl WEEDEHOFEYIOIEINT L £ THAT S, BTV E
WIOAEINE CIEIATE TS, DOV TIRRTW D, AEHER LG Z O LT 4 8
e (M6, £5) Db, FlTRNHFEREAERET 2L, MO Kn-1L 75 Kn-2U (2T THEIZH
JENDRITEL D ZENEZDBND. ZOZEhh, KEEMLA CIIMER SN o7 HE
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TiTEERES it (FLL) 484 (Abies, Picea, Acer protojaponicum, Betula protoglobispica)
] wa
e 3= SEBEAE A (Acer subcarpinifolium, Salix, Cercidiphyllum)
HEYE R ¥ HIBEESE (Cercidiphyllum, Alnus, Populus, Salix)

7. WIFEREIRED R i & BRI

Lt &4 E4E & (Fagus palaeojaponica, Betula, Acer)

B B >

Tsuga=t /) X8}, ¥ R OREY) SRR HERE L 72D EIGHIR T & ZAIAER LTV

AREMEDS B 2 HILD.

(3) IR R

THFERERE O L ERIRDOI A3 Microphyl1-Mesophyll 275 2 (Wolfe, 1993) &\ -7z ki
HERORENSDNLUN (K T). TSRO 7 T )& Fagus palaeojaponica %/ U, 71T
FIRD Acer subcarpinifolium™° A. rotundatum 7 7V @ Pterocarya japonica 73X CHEET
0%, Fi-, FEMELSNOEERRMER T2 &, WFREEClIh =7 BN ) FROGERIZ RS
WD LIRS R DEENZ . AR ZVE LAY TEZ D &, R ORI
Z OHUANEE E I IBERE Ch o 7o T L AR T D, T OHEEIIIERRD DHEE SRR
BOME FR7) LHFELRN.

—77, CLAMP 4TI J > TSRO IR 2 EOKIRT — 213, IR RE B D mE=C L

MG AL & R IR OKUBE T CRaL LT2 2 & & d (3R 6). IWIFERELIS D4 Fr s OREI b,
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FRECIA U 24T > TU VRS, A4 Fr U oD SAEM L ATE ORI IR i & il L7
HONL S EEN, WFGRERED TS R O4 FHIROM A 2 RET 2 2 L2 TERD &,
MRFOA TSR L U CORERBHEDALRE S BTG A & [FRROMIEHRE FIcdh o722 LdE
b,

CLAMP & #EFE T L DT D RO TR BRI R E D7 —ZIER 2 &, R V9 h
RpEE, FIEHOWEKIR QM) 2B EOEILHT K0 E<, BkeE G-DRY) $2<, FHlkEAK
B (1830mm) (ZHOWTHIHEDOFKH (1713.2 mm) <EH (1861. 2 mm) 722 LHALHITT 0> FA A
\SEVMEAE & D (3%6). GROWSEA 235.4 » H, ZOMOMKE (GSP) 43616 mm &\ H A &> T
HEWHZLiE, ATHRIED 100CEBX 72 A OB KES SN2 &, Tebb AR KE
NE o722 & % BT 5. CLAWP TR S HHEE S D IR REO drklbal 37 B S 3%
BHEDWIRIROTI EHHLL LT= b DFE 572 2 & Ao/ s 5.

IRREIRE L Ve o~y A, BREE, 2 U3 a2 XY OFAEMRED CLAWP 35 JOMEmFEIC X
DAETEI K BHEE OfFTHER 2 Ll 5 &, BKESOIREOT — X (ZHETOEB RN, K
(I CIBE IR OB R TREMIRE & 772t 5. CLAMP EHTIC 4720, IiRgtiiE L 2 v o =
AR ORI I G — Z TSN TN D 720, BEERRZ VDB ER S, A
M TH EREREOIRBEIN ) DINTR LSRR & 72 D52 v &, AN ORI D KUBZE B ORR -

INEETR ST ATREMED V. ZAUS DWW TR SR SRR 5.
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5. E&AHEYRE

5-1. fESH

1) U TIEOHEREH

AR S SEO TERINBIEH LTz, 2 A @34 S s o0 )BT B4 %572 TRt 4y
LTS (K8, 9). AW TG L Lz U 78 FENSEIEA 50misE Clies, WEIRE, i
%, BEEOHEN DS (K10).

YA ST S JE FENY, 2 EKILAEES T K ONBCE BRI K D s o~
JBEAFEAITB, /78 FOBIRARES R KO LAEREE IR T @A - A80F, 1975 72 L).
WOEROBEEN I AR KON b 7 7 RIRI @A = L, WHIREOIREIC bk R L b5
(X 10, 11). F7=, BEHEOBHIIUIRONDS OO, BT HHBIEE RDHIRY, £EIE LMl
FHEACHFRO BIND Z LD, U TEHNIIHER Th D Z LAV SND. BRI EOHL
TE B A B CEEICE N5 — T, MITEEBOWEBICZ < SN AEANRD HID
(12 10).

ARG L LT T @Iz T 7 DOHERERE  (Gp, St, Sh, F1, Fr, Fsm, L) Z5807 G&8). Zhb
Da— REFLE, Miall (2006) OFJIMERIOD 71— RERUTHESTC. 72720, SRITR~7o K 9 I2F&
DFEHRBR SN TN D728, BHEFEFHOMIT~OBREBIRIZ OV TILT L BB B TIER 0.

FEMIEREIED (2017) Tb_7=1@Y THH.

©2) T EAREDPER & B

IUTTED 6 JEYE (AL HIEIC Nk-1-Nk=6 ;5 X1 10) 2B PEH L7242 2799 s LA oW T
ATLICARER, &M 1 L8 1 fE, 4R 1 B3 8 3 7, e 12 B 14 J8 30 7, & 14 F 18
J& 34 TSGR DLz (K 9-12). ENENORBEDFER L FEEORIILI TO®Y Th b, 728, &
SFERFOMBIIIRA, BeeE GE /NE P =— R OILAILEDWTWDR, U HHEMO ~ 7 R
Equisetum sp. DIHFFMNZZEDALAIZIESNTND.

38



TR TR

| e
+{ i \>\\'
+ o NE I
1| 44°N )
+ +
+ +3++ /
o+ +X++ 4TN0{QJK\\x
N |
++ 140°E 142°E 144°E
M. R /I
+ +++ +++++++H
++ ++++++++H
B e e i s | ) o e o e i
+++++++++++ e
4 ++++ 4+ EHVIVAD
L+ o
A e e i ARE

+H+tt+++ Tttt
o+ ++ s

++ A+ttt

+H+++++++++++
- +4+++++++
+++++

LRTEWE KO | <ty
+ )] e o
11T N

e

5 km R Bl
] %sm%

I |EEE
RS- MLRBEE
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TEGAE URBRE (Y IVEER)

AEBOMN
Il
&

1%
ZRRARILER R E) i
B =%E H=Es
N EA-ER EhHER
/! wE

[X] 8. 44 A HER ) O X]. 74 « /MU (1955), 1A - #6520 (1990), [ (1994), FiH
F)s (2017) ICEESWTRERL

DO Nk-1

AJEE THEPROFEE LT HERERA L OUEE T, BEATERRE 2 D725 20 S3FERES i Lz (3R 10).
LA DS LA DR CE DREICHE L Qe (K11-6). F72, FbAOIEFOHITT v
XL TohoTe. B EADOREEHATERRICRN U O TICHERE L TUzns, ZERALE - TOAIREE
DIbABRD LIV, MR LTE, N1 JEEOILARED O Y FFIEO Salix misaotatewakii

(30.9%), 1> @D Cercidiphyllum crenatum (26.7%), 7 VFJED Cladrastis chaneyi (15.5%)
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TR,

R A
TIIET L2E

100 (m)‘

.0
— M fA i
TR
FL5

. L RS A
(= WML L)

RRNE LR

i W ) o a1

9. U REOBHT HL4F)IBDN— k= v,
X T EAF] ThD. BHEIED (2017) 22,

£ 8. NUTEOHRH. BHIE) (2017) ZOZE.

FHN = HTEIX X E] e 7D 1:25000 Hi
Jb— = TOEPHIIX 3, 8 ZEH.

bl 18 S e SEhHRRIEMILT LB
R HE TR
Gp  HAOELEE TARR RIS B e SR LE St, Fl
L XK
Wi ZE SO MM bR EF L TR g - Gp, Sh, Fl,
st s - LUKk ST oo
Sh  BE~EERbE TR ¥ hR BB CAHEE, AT St Fr
LXK
L EMESOBEE  ALUFUYIARE, oy LR R EA BTEE BEGRED) G St
BEDHE TEMERILRA [B#E Nk-2, 4, 5 Fr, Fsm
BRI
. . * BT, RERIERIEE,
Fr B BERS BOTFER, Stk e Gp, Fl, Sh
N, MR, % RELT FE Nk-3
- T Bk S— MK EERIEAILE, & EALE st
. - S S EERik 2 BT, RELE .

B Nk-1, 6
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A ~

1L /ST TROBHONT LR CAORER. A SR St 0 17 7RAUIEIL. /o~ —DRS
(40 30cm. B : HERHH St O THUREVIFEL />~ — DR SIH930cm. C : HeBH FLIZSO
DIROA. EHEEIZEAST HHAHOCND. A — =T 1em. D : #Ef5H Fr iCR.6H0
57747 vy INEER. Ar—o3—F 1em. BB Kn-3 1R ONDENIRIA LA (K
FIDSD). 2~ —DE S 30em. F : HRH L OTAEIEEME. 24— —31m. G :
% Nk-1 12 5L B A B LR ORER. HE(LRIEo0MdE LTS, A r~—0DE 513 30em. H :
it Nk-4 ORHEAOTEN. SEOHAEEL TS, 27— lom. RIEIES (2017
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#9. EATHEMRHCE D0

Division Equisetopsida  ( & 2 V-
Family Equisetaceae (k7 V&)
Equisetum sp.
Division Pinophyta (Coniferophyta) — (ERE#H)
Family Pinaceae (=Y F})
Abies protofirma Tanai
Picea sp. 2
Pinaceae genus et species indeterminate
Division Magnoliophyta (Angiospermae)  (# T-HE 4 5H)
Family Poaceae (A %))
Bambusioideae genus et species indeterminate
Family Cercidiphyllaceae (77 7 F})
Cercidiphyllum crenatum (Unger) Brown
Family Vitaceae (7 K #}H)
Vitis sp. 2
Family Fabaceae (= A #})
Cladrastis chaneyi Tanai et N. Suzuki
Family Rosaceae (/X T )
Prunus protossiori Tanai et Onoe
Prunus rubesibensis Tanai et N. Suzuki
Sorbus uzenensis Huzioka
Family Ulmaceae (= LF})
Ulmus sp.
Family Fagaceae (77 %)
Fagus palaeojaponica Tanai et Onoe

Fagus sp. cf. F. palaeojaponica Tanai et Onoe

Family Juglandaceae (7 /v X F})
Pterocarya japonica (Tanai) Uemura
Family Betulaceae (/3 F#})
Alnus miojapinica Tanai
Alnus sp. cf. A. protomaximowiczii Tanai
Alnus sp.
Family Salicaceae (v ¥#})
Populus sanzugawaensis Huzioka et Uemura
Salix misaotatewakii Tanai et N. Suzuki
Salix parasachalinensis Tanai et N. Suzuki
Salix kitamiensis Tanai et N. Suzuki
Salix sp.1
Salix sp.2
Salix sp.3
Family Sapindaceae (&7 11 UF})
Acer palaeodiabolicum Endo
Acer protojaponicum Tanai et Onoe
Acer rotundatum Huzioka
Acer subcarpinifolium Tanai
Acer subukurundense N. Suzuki
Acer tricuspidatum Bronn
Acer sp. cf. A. rotundatum Huzioka
Taxon undetermined (43 EREARGE)
Carpolithes sp. 2

Dicotyledons genus et species indeterminate

D 3 5PHERET T CTRIRD 10%FEE% 5,  “V2 " JBD Prunus protossiori (4.3%) , %I 7N
S BD Pterocarya japonica (3.2%), T IBD Acer tricuspidatum (3.0%), A palacodiabolicum
(2.6%) , DAL F RV % A subcarpinifolium (1.5%) DNENHITHNTE L GEN TV, 2
NHDH G, AV TIROC o crenatum WFERRGEN L (R10), TEA L OXBGBIRITIAS TR
WHDD, I X8 Salix \IZOWTBRJEICHR T DHEEMEMAET (Salix sp. 1, 2) 2MEHILC
(F%10). =M, ZORBHENGIXT RUJE Vitissp.2 X° “U 7 FJ&” O P. rubeshibensis, 717

JBD A rotundatum, A subukurundense 7% EIMODJEUE I TR G2 WE D IR BREDNY S E LTV
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#10. A THEIREOSFEREOME R L BIE. BEIE) (2017) (THNEE - k.

|=E-3 Nk-1 Nk-2 Nk-3 Nk-3’ Nk-4 Nk-5 Nk-6
HEAI—F L Fl Fr Fr Fl Fl L
=k C A B B A A C (&)

ﬁ\ﬁ£¥ %E'E' EHE  BE(%) EHE  WE(%) EHHE W& EHE BIES(%) EHER WE(%) EHE BI&8%) EHE #TE(%) EHE H& (%)
Equisetum sp. st 3 17 177 271 180 6.4
Abies protofirma cs 1 09 1 0.0
Picea sp. 2 If, sh 3 17 127 195 7 12 48 27.1 4 37 189 6.8
"""" sd 6 34 2 03 8 13 4 23 5 47 25 09
co 0.6 3 05 15 85 9 84 28 1.0
wd 45 6.9 45 16
Pinaceae gen. et sp. indet. wd 2 03 2 0.1
Bambusioideae gen. et sp. indet. If 6 06 3 17 5 90 68 2.4
rh 8 12 8 0.3
Cercidiphyllum crenatum If 275 259 73 420 48 81 24 136 1 09 421 150
fo 8 08 4 23 27 45 1 06 40 1.4
Vitis sp. 2 If 3 03 3 0.1
Cladrastis chaneyi Ift 164 155 7 40 16 27 1 06 188 6.7
Prunus protossiori If 46 43 6 34 52 1.9
Prunus rubesibensis If 1 01 1 0.0
Sorbus uzenensis If 5 47 5 0.2
Ulmus sp. wd 1 02 1 0.0
Fagus palaeojaponica If 11 1.8 7 40 71 664 89 3.2
Fagus sp. cf. F. palaeojaponica cp 2 19 2 0.1
Pterocarya japonica Ift 34 32 4 23 1 40 36 6.0 6 34 81 2.9
Alnus miojaponica If 21 84.0 21 0.8
Alnus sp. cf. A. protomaximowiczii If 2 02 2 0.1
Alnus sp. 2 co 2 03 2 19 4 0.1
Populus sanzugawaensis If 17 16 9 52 7 12 2 11 1 09 36 13
Salix misaotatewakii If 328 309 14 80 219 336 2 80 1 02 5 28 3 27 572 204
Salix parasachalinensis If 26 25 26 0.9
Salix kitamiensis If 23 22 5 08 2 03 30 11
Salix sp. 1 sp 31 29 31 11
Salix sp. 2 fmi 8 08 3 17 11 0.4
Salix sp. 3 mi 2 11 2 0.1
Acer palaeodiabolicum | fF 24 23 0.9
sm 3 03 3 0.1
Acer protojaponicum If 4 04 4 23 16 27 5 28 29 1.0
Acer rotundatum If 31 52 1 06 32 11
Acer sp. cf. A. rotundatum sm 7 07 7 0.3
Acer subcarpinifolium If 16 15 31 180 2 03 1 40 367 616 51 288 2 19 470 168
sm 1 10 22 37 7 40 1 09 31 11
Acer subukurunduense If 3 03 3 0.1
Acer tricuspidatum | fF 223 22 8 0.8
sm 8 08 8 0.3
Carpolithes sp. 2 fr 4 07 4 0.1
Dicotyledoneae fam., gen. et sp. indet. wd 1 02 1 0.0
(&) 1060 100 174 5845 652 100.2 25 100 596 100 177 100.2 107 100 2,799 100.0

co = cone(EKk 1), cp = cupula(i% =), cs = cone scale(Ek 5 %), mi = male inflorescence (X1 1L ),

fmi = female inflorescence (M 14: 7€ ), fo = follicle(£ 3R, fr =fruit(R 5), If = leaf(3E), Ift = leaflet(/N %),

rh = rhizome(}t T 2£), sd = seed(f& +), sh = shoot(3~ = — ), sm = samara(# %), sp = stiple(FE2£), st = stem(ZE),
wd=wood(¥1).

(#10). 7o, SPHZRFE TE -T2 b OO, PATHERIEIZIR > THERE L 72 ARAAM A BB 6

e (10).
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F11. AT DRSS EEREONTL AR L HEE SN A EEE.
WTPBAREOREA AR (2012) (ZHESWV TS,

o3 FERE T UL B A il HEE S LD ETER
Equisetum sp. E. hyemale ? H
Abies protofirma A. firma T
Picea sp. 2 P. glehnii T
Pinaceae gen. et sp. indet. Picea glehnii ? T
Bambusioideae gen. et sp. indet. Sasa kurilensis? HorS?

Cercidiphyllum crenatum C. japonica
Vitis sp. 2 V. vinifera
Cladrastis chaneyi C. kentukea

Prunus protossiori

Padus ssiori (= Purnus ssiori)

Prunus rubesibensis

Cerasus sargentii (= Prunus sargentii)

Sorbus uzenensis

S. commixta

Ulmus sp.

U. davidiana var. japonica?

Fagus palaeojaponica

T

. Japonica; F. multinervis

Fagus sp. cf. F. palaeojaponica

F. japonica; F. multinervis

Pterocarya japonica

. rhoifolia

Alnus miojaponica

. japonica

Alnus sp. cf. A. protomaximowiczii

. viridis var. maximowiczii

Alnus sp. 2

. japonica ?

Populus sanzugawaensis

P. suaveolens

Salix misaotatewakii

. gracilistyla

Salix parasachalinensis

. udensis (= S. sachalinensis)

Salix kitamiensis

. chaenomeloides

Salix sp. 1 . gracilistyla
Salix sp. 2 . udensis (= S. sachalinensis)
Salix sp. 3

Acer rotundatum

. pictum

Acer palaeodiabolicum

. diabolicum

Acer protojaponicum

. japonicum

Acer subcarpinifolium

. carpinifolium

Acer subukurunduense

. ukurundense

Acer tricuspidatum

. pycnanthum

Carpolithes sp. 2

A
A
A
S
S
S
S
S
S. udensis (= S. sachalinensis)
A
A
A
A
A
A
?

N I I I R I I R R I R R I R I I IR I

T:Tree (FA, HEEA),S: Shrub (X A), V : Vine (-2 5 A %), H : Herb (FA)

@ Nk-2

AJEEIHEREMH FL thood Lo N Y o ZNVERORSE U T-WEIRE T, BEATHRRE 1O % 13 4
FEREDSPEHI L7z (3210). A3 (a 0’ 2-3 MR DRI L CRE L, SER TR J71A)
PEFERO DAV o7z, FAATIRREERm I o L COHETICHERE L Q. ke LTiE, Nk-2 e
DACEHED 5 © 1Y T JR/D Cercidiphyllum crenatum HEcbEL L (44.3%), DT ROLH LT R

U /% Acer subcarpinifolium (19.0%) 232 3UZHE< (F10). Ziub 2 XV b BTNz TE
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JEERE A>T e, RN b U B @ Picea sp. 2 12bidd b, 3 ERE, IR
7o (F10). 723, SPHEREERE CEIeholc b, JEEEIIR U COHTICHERE L 7oA A B8
Do (1%10).
@ Nk-3 BIONk-3

JEHENK-3 TIEA Lo b Y » T NVEEFOREE LTV EES (MERGHH FL) A4 o P THEBRO S8 L 721
B R Fr) T, B M, XAREEFENL, 10 SRR b (3210). AEHECIEM A &
EBIS, DU LR Picea ZHily& L7 45 ADENAFHMEAMEARORREZ 2 LT (M 11-E, &
10). 7=, V&8 Fr) OFNLTIE N7 VB Equisetum O FEEDEEERIZIEA L7 IREETHEH L,
EFED B HEE LT IRRE CTHIE FEEOARADNE BRI & T T/RRRE CREI L QD b o7z, AT, %E
DAEAITIEE Fr) FICHEES RSN E S8 E LT Bile > CEH L. 2L OEF ORIz
EOHFEMEIEED HIVT, HEVA RIS CTH o7, FELAIFEBEIC L O ICHEEL 0D b
DHZ FRD BAVIZD, FENBEIEIT L TRIZT 2 b ORI E ~ T REEDLA B b/, ik
& LT, Ne=3 BUEDALARED 5 B ~ 7 B IED Equisetum sp. (27.1%), b7 E & Picea sp. 2(20.3%:
MIbFZERS), # R TEEE (10.2%), V%8 Salix misaotatewakii (33.6%) O 4 /y¥ARE
NEIRD 96%% (5607 ABHEDCABHIFEHEOENIIERFEEA D ey (£ 10). 7eds, pRANED

(2017) TITRBETE T3, ANBHEDR EEROATEER W LA Lo b Uy TLd BEIZ 3N
XJ& Alnus miojaponica BNESET DENIAOTINCH Y, Nk3' L LTXBILE (K10 ; % 10).
@ Nk—4

AEUEIHERGHH F1 "POUERR OB EIKEN ST, 3, MBIOMRRE B2 D 12 55D EEH
L7z (3210). ZhbDLAITHEE NE R E EBEL, BLAITOWTIIZES I 2 IR ) 358
DHIT, B A XBEEETh o7 (M 11-H) . B AIIEREIC L OHTACHERE L Qb bo b %
o1z, BEHVBHEAIC K LAEE LTS bR, FE - T DIREDLA B EHERD b, ke
LCiE, Nk4 JBUEDLARED 2 BT BO LIS F RV ) % Acer subcarpinifolium (65.3%) 73
S L, BT Cercidiphyllun crenatum  (12.6%) HZV. ZhE 2 SOPERAIIEL & HIok

TEERENLEEL, Wi 2 EhE D EABHEOCAENEO TEREEZ LT (R10). ZAUTf
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K12, AR OS/PFEREOHETE SN H/EREREE.

oy JERE T VLA R i Hl T EH LU 3 4 1Lt
Equisetum sp. E. hyemale? O

Picea sp. 2 P. glehnii O O
Alnus miojaponica A. japonica O

Salix misaotatewakii S. gracilistyla O O

Salix parasachalinensis S. udensis O

Salix kitamiensis S. caprea ; S.vulpina @) @)

Acer subcarpinifolium A. carpinifolium O O

Cercidiphyllum crenatum C. japonicum O

Ulmus sp. U. japonica ? O

Pterocarya japonica P. rhoifolia O

Alnus sp. cf. A. protomaximowiczii A. maximowiczii O

Alnus sp. A. maximowiczii ? O

Populus sanzugawaensis P. maximowiczii O

Acer tricuspidatum A. pycnanthum O

Cladrastis chaneyi C. kentukea O ©)

Acer palaeodiabolicum A. diabolicum O O

Vitis sp. 2 Vitis sp. O

Prunus protossiori Pdus ssiori O

Prunus rubesibensis Cerasus sergenti O

Fagus palaeojaponica F. japonica O

Fagus sp. cf. F. palaeojaponica F. japonica O

Acer rotundatum A. pictum O

Acer protojaponicum A. japonicum O O
Sorbus uzenensis S. commixta O O
Abies protofirma A. firma O
Acer subukurunduense A. ukurunduense O

TEIETHONY T Z IV BD Pterocarya japonica 6.0%) Th-7= (F10). iz, DETHD b
DO, Nk-1-3 \ZEENLNTFIBOT 7R ) A XT7F Fagus palaeojaponica DG AT (&
10). AEHEIY T XIE Salix ZEET, 7T Fagus G b DD, FALE L TIE Nk-2 JEUETEL,
T2 (F10). 228, RIMHMEABIELATHIRE & & IR U O TITESE U TREH LTS,
WTI B SN TR Y, EREOREIX TE eh o
® Nk-5

AJEUETHEREFH F1 hoh Lo b Y 7VEEBROFEEE LT RRE-FPRIRDE D D, B, MR E DS
FEHIL, 10 0EREAFROT (£ 10). BYLAIIHBESEE/NT SBE L, JEE IR AR50
LT, BEA XL CTh o7, B al I EEmI I U COE TITHERE L Cuens, BRI L
TEMFIZ L THD b ORHE > TODRIED LA BEEO bz, ks LT, Nkb EHED S Sk
U EJ@ Picea sp. 2 (37.9%), WTFBDLHLF RV /)% Acer subcarpinifolium (32.8%), 717
7 J@ Cercidiphyllum crenatum (14.2%) , 7 FIEDT 78 ) A X7 Fagus palaeojaponica (4. 0%),

YU UV JE Pterocarya Jjaponica (3.4%) 7R ENBRERRL IS (R 10). ZiHdHh, FUEJE
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Picea sp. 2133, ¥ =2— FOMIZERRSOM 1%, DT RBOLISF RY ¥ A subcarpinifolium
(IBEDMITH R A, > T8 C crenatum |FEEOHMITRRZILIFENT 5. ML LTI PO Nk—4
JEUE AT 578, ZORUEIL N T BB Picea sp. 2 VEFNTERY, TO%E, v=a—, ERE,
FaaPED L 31.9%% D, ZORBETRHEZEN L T DRI TH S (3210). Fiz, Nk-
A THAD L EENDATEREDEIRIS (10). 723, R A bIEATGEE & & bIEE
LCREH L7273, Nk LRERICW TR B ERiS TIs Y, EFOREIL TE eh T,
® Nk—6

AJEUEIHERSH L OBEPROIEE LTJeis C, BEAIRE AN O TEEBE O LA TICPER L
7o, AL 2 B EEZe>THENT 5 2 e, BIELCEH L. ZO7DIicR8ETHIbA
DEHEDDIR, TR E TSRO EAE 10 PHEICE £ - T0D (R 10). #ake LT, Nk
6 JEHED 5 H 7 I8 Fagus palaeojaponica (66.4%) DSKEHZ LD Tz, FEH LI bADZ 1%
BEIE SR DN, IREMTE TN X8 Alnus sp. 2 ORFEL T T B Fagus sp. cf. F
palaeo japonica D%kN 2 T DpEH UTZ. &£72, NUBJR Picea sp. 212DV TIIBEDREHE LY
Hie L AR -CERROBEHE S MR oo 7. Fiz, R@UHE DT B~ RIE Sorbus uzenensis
DEENHER ST (R 10). BRAGMLA BHIE L CER L7122, Wb EESIVTEIY, S5Ertof:

EILTE o7

5-2. BEL

1) 47t

A TFREIREDSEERS U T )T B4 FF 0044 37 | RRIARISRD 7 o 2 Jg CIESER oD 7 D DOHERRIHD R &
G 8), ENHOMAEIOED DI TR DZEM 720 URMNHEREY) (HEREHE Gp IZIZUE D, St &
TIEF1 8T Sh £7213 Fsm TR L R = > b A), JERHER) (HEFEHE Sh £ 7213 Fr 2>
5720, F1 2o alea ORI =y | B), 35 JOWIRMER) (HERSHH L CRESNDH2=> | O)
D3 O%Fak L7z (K10). ZAHDMRY KL TROILD Z b, Bt A4 (2013), ALHIEN (2017)
TIERHNTNDIEY, FHEHIROAE XA E U CrEf ) 1SR ST HEREERR I S o T L HEE

END. BEtUTAVAEEREED 9 5, Nk-1 BIOINk—6 13Z DB HEFEFEL) 7> HIOHEREEREES
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eSS, 72720, WiE CEEITRR->TERY (¥10), SENHADHBRERS 2220 Z &
5, Nk—1 & Nk—6 & TIIHERE L 72O SMN R D Z E0MEETE D, —7, Nk2, 4, 51359N72 L
WHHEFE L W FEH U722 LD, 2B OIFHEDOAATIIN) TS B HO iy rmEBREE CHERE L
T2 EnEZRBND. £z, Nk3 -3 IHEEEHERE) L O EH L2203, JEERE Ok U HEE|ZFE
TORDICANR R OI, B LT A DSHERSH Fr OSBRI T JOSHATEEBES LV FEH L Tu
D EhD, JUERO S HRACER RO L HEE LT, TN EhOBENAWCITET 5 2 b
M6, ZIVSIIEATIN N ERL ORG ~D ) R B 28 L TR S iz b D EHEE S NS, ATl
PIREEZ D 5 720 ) BRSO CHERE L7 b alE Ch D L S 2 5.

A FREIRE O, AREIREDSPE U2/ S 7 J@s B OISR OEENT 2 2, A%
DJEDOHIEDSEFFNBHEE LTz, N7 L0 e ShDlERs (1A -2, 1990) 725 10. 2
+0. 5Ma, 12. 130.6Ma 0> K-Ar 4548 (JE - (10, 1988) 728, A@X v Bz (Lo« #52, 1990), &
DT FILE SND 7 —L v e (0 - 1L, 1988 ; [X]8) 75 12.80. 6Ma, 10. 00, SMa D K-
Ar A% GEESZ - (LA, 1988) 75, AED MLdHDHWNIFRRERFE L E 2 s ovisa (B8 - /bl
N, 1955 ; 520 - 110, 1988 ; X 8) 735 12.120.9Ma, 11.320. Ma @ FT 4FRVELHE S TS

(BE/K - 4, 1987). F7z, FULFREEARD DUVNE AL E S ek Lty (BRI, 1995 ;
T < /NN, 1955 ; [X18) HIEROZEILETR AN 10. 50, BMa O K-Ar 4\ fE CEIRUEDS, 1995) 73,
TR B LA DN DT 12. 120, TMa O K-Ar 4EAUE GEFIEDY, 1995), BL0N10.92
+0. 56Ma O K-Ar AEAAE UL - 1, 1999) 23ME S TWD. S HIT, AFFHUsHAL T OFIZIE >
— L TERAEDIER & SNAFEEREESLE (EEIZ0Y, 1961) &V, O K-Ar FREIE 13. 720. TMa,
13.8£0. Ma 279~ (CEHNEDY 1981). BLEX D, /SU7 @I 12-11Ma Atk O T HTHAZ 1 S 14
HIHHTHRTOHEREY) & B 2 b DT80, FATRIRED FEROFERE T Ll cx .

@) et

UTTEOHERERREE L 0T, BIBEOLAREDRERZMGETT 5 2 L T, TN ENDBREICHT
D7 LHEFIME R A B N U, B TS s g AR O ik T, £ DFER, IR
R Y T IBD Cercidiphyllum crenatum<°71 7 @D LT1>F R ) ¥ Acer subcarpinifolium,
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RN EJBD Picea sp. 2 HME LT HIWEA#EA:, 7 VED Fquisetum sp. % riFHETHE, o b
JBD Picea sp. 2 YT XIBD Salix misaotatewakii HMEST HHBIEWHNEE, 1Y TRBED C
crenatum<°YFFXIBD S, misaotatewakii, 7 VXD Cladrastis chaneyi DEST DAL, 7
FIRBDT 7R ) A XT7F Fagus palaeo japonica HWE 5 2 JERAO I IHEIEAEAE DG 4 # A 7 OREAED
fEatRcE 5 (M12).

O FHAEE Nk-2, 4, 5)

REATIT) D ZEMN 72\~ LD 72 & OITREERBE THERR L 72 Nk—2,4,5 DBV TJED Cercidiphyllum
crenatum & I =T @D LTI F RV ) % Acer subcarpinifolium® 2 53ERHT, FEHETENENS
PEL, BROIFEDRD BN, 2RI A ZOREREDREO HILD Z b, TROEIERMMETH S
EHIWrCEX D (Scheihing and Pfefferkorn, 1984 ; Gastaldo et al, 1996 7). ZiLHOUERH
PEOSFERAT, Nk2, 4, 5 DFBETBWWTENEIRAIZEL TWDHZLEBRETH L, b2
OyFEREANRIIREARRAE O = FERERRE L N2 Z L SFIEECH D, Fiz, BB XD & Nkb Tya—h
DPEHEINEIRD 27, 1%% 55D D N7 BJBD Picea sp. 2X°Nk—4 DY 7 )V & Pterocarya japonica

(6. 0%) & IR SRR S 7o TREMEAN D . PEHENIZ < RN DD, BT Nk2 2 Nk—4 Th
BEERH Ao TR (F10), FROHENSFsND. —F, SN DENT 52O/ R

DHY, TIXBD Cladrastis chaneyi, Fv /XD Populus sanzugawaensis, I &0 Salix
misaotatewakii, 71T @D Acer protojaponicumlINk-2, 4, 5D 3BUENMNZ, Nk-1 255 bHFEH
T5. BT DEOIE, INSIETHIFMEZRET D N1 OZERTH D720, Zib OREHN T
UTAERA OREADN G b7 b ST REE B & 2 Hivb.
© HEEAEE N3 -3 )

ZOREYEIIBNT MY BJED Picea sp. 2 DENHIRDFTRD I, b7 VRO Equisetum sp. | FEEE
I IEAS LT B23636 JOVERL & 450t L7l P2 ERRAN IR >GRO BND Z b, Zabidn
FTIHFHIEOPERECTH D, IOV, va— b, KR, fk CoOREIERT 2.

i, 2T IR A b PR A D Z L2 h, FRRICFEHIEO MR L X O, 2
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\S AL R

oA ,”"w A [Jw=
w3 il NN 4 NG s
- @%@@2@5@%@@ i %@ b4 [5] s
AL M s ST : [#]iemith
R s ;
Dl L)
_:‘*_7 i{_ﬁ%ﬁ}’ » ¥ ""V ¥
A @p#f ¥y ¥ #f\ *’Z%q,
SENG f,,f_:*g:'w 73 4;,@ J, #«'7”' *’*’ $ ¥
Nk-2, 4, 5 3 Y,
: E%i}%ﬂﬁ Nk 3/3 BERH
Nk-1: 88 (ZBR#?)

Nk—6 : ;4

AR
A \LbiEsE (BILHEE)
: Abies, Picea, Acer protojaponicum, Sorbus

L3t R
: Fagus palaeojaponica, Acer rotundatum, Prunus

® RBE/TBEAEE
: Picea GZ#h'T%), Cercidiphyllum, Acer subcarpinifolium, Pterocarya, Salix,
Populus

¥ RHh/HREAEE
: Equisetum, Bambusioideae, Picea (E#hitf), Salix
/ Cercidiphyllum, Alnus, Populus, Salix, Cladrastis

g

12, FAAFTRREO R I & BB

no 3 SO E L E LRI T TE S, — 77, ANFENLROZE LY YR

Salix misaotatewakii |FEELIANDERE Z D72V, KEL 70 A ADIENBZE L TEEL WD L

PG, WEFHIMED /PRARE & HIFr S, AR SRRSO OB EREL IR 2 Z LN TED. k-3 &L

TR U Tt EEROEE CTELE LT/ N J | Alnus miojaponicaly, D% IHMFFARBDIEET,

SATEERAAN LI L N D FEIZH -T2 2 L0, ALV OEMER 25217 T\ 5 AfE

MR3H5. LinL, AEOIENEE L CNDZ L EEETH L, KRERBREEOERI I/ S e

EZ DT, N XIED A miojaponica HEEFIRHIZR N UEDAHEORAORERFE L 2 2 5D
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MEBTHD. k3 PHEMNT L ZOMONEHDOS L, YIFED S. misaotatewakii, S.
kitamiensis |3+ HWIFHEAT, WFTBDOLHILF KU /% Acer subcarpinifolium 13561558
ARIAMREEREEC, ENEHUB LW LEHET 2 08RECH D 2 Lhn (3 10), ZAIUHIHMEREARM
BRI HR LI B2 H 2 &b TE D,

® WML Nk-1)

IARSCHERE7) > D REH L T2 Nk—1 DAVAREO R E 2 2 ClEdhEsE & U7z, Nk—1 OHERER L 130
THEREEC, 29N H D\ NTINHERE R E N QD 2 E D BIRESITRE L T D EHEE S D, 1Rk
TR D © 003D K 91Z, Nkl OGFRED S, 1 FRD Cercidiphyllum crenatun<°71 =7 &
DI F RV )% Acer subcarpinifolium7s E, JEIADOBARA & OI@ME EY Y (3 10). Nk-1 T
(X Nk=3 D L D N ZJFHIEDOPER AR TR IR DAL TUV RN E DD, Nk-2, 4, 5 L[ARRIZH Y T8
D C crenatum INEPEL, D OEBOBEZLES. FRRPERIID =T IBD Adcer tricuspidatum |
bR bD. £, VIXRE Salix 1ZO0WTE, EORUTHHET 20N A b DD, EHEE N
PEHT DT DAL, WEEHMEO DB TH D EBEZ DINLD 2D, ZTNOIHFHEAD
WRFETZ ST LTSS, £, NFETROEZIET 27 VX RO Cladrastis chaneyi ©ZRRILY
A RDINEF DB HIND Z LD, R0 HEFHIMEDO/MERECH D L& 2 Hh, WO 5T
D—DZ ST FREMDNE . APEHITIEZ VB LISMIHNR D 2 DOREATEED BV oy aRE (F 7k
B THE D VIV JBD Pterocarya japonica, Kv ) XJ@D Populus sanzugawaensis, “V7
Z” J&®D Prunus protossiori, 71T J&®D Acer sp. cf. A rotundatum (3H)) w=ETe. TiHiX
VT2 LTINS ORAE I ST B ATREME S 0 208, FHC Ke ) XBD P sanzugawaensis, “Y 7
77 JBD P. protossiori \ZOWCTIIFEHERD ETIIABHED SRR OMEHEL » L2 (3
10), Zhb bIFAEOHERRELIEZ DD D LIV, ZHUI LT, 7 RURD Vitis sp. 2,
N ) RIBD Alnus sp. of. A protomaximowicziana, ) XBD Salix parasachalinensis, — “¥
2" J&D P. rubesibensis, N TTJ&D Acer subukurunduense \IMEUETITPEL L CU RV VySERE
T (R10), EOREOHMAERS NI bONEHWT 5 Z LI TE T, WA ORREE & (303
LbWiET 2 2 LN TER.
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@ SRRt (Nk—6)

Nk—6 |3 Nk-1 & [7] CIIHERE Clddh 5 5 DD, Nk—6 OAARECII R 2 BT RER LA 302
DEBIELTWDZ e, RS 2V NIHEFRHE & 25 2 G 08RO BT, Wi JHEEM
FRICRE QBN DD, WHEEICE SN DM EAREED Z 7 % 7 I—W%Eh D, FEEORE=EL
Toess % R & 9 D IAIEHEREY) & I TIRAUAT ) N OFER CIER S L 7o T 1V 2 HEREIN B £ D b
FEEORR R, 22, RO & EOREAE T RS 2 0 ERED MER 53 DA 2 s
LTC\% (Spicer, 1981 ; Spicer and Wolfe, 1987; Johnson, 1989 72&). LML, D7a< &% Nk-
6 DPEHICIRN) INZHKT 27 VA S &5 2 HILD B OITERD il . FEans 2 Bl Lfie -
THEHT 2 Z L2, MOEHETHA~BIE L CTHERE L7338 b D & DD, Nk-1 & OHERET
HE TR E ZENTR. FTe, M EATHEOSARMD S < 7202 &5, B ORARDE M3JH
A DI DIRIK & 72 S To FTREMEDE X HiIVD.

Nk—6 Tl b ZpET D7 FTIRDOT 7R ) A X7 Fagus palaeo japonica 13 Nk—6 OREHEDK) 7 El%
8, FUOEHEREZEZONDAMIBEBELE (R 10). 7TRBOT 7R ) A X7 F
palacojaponica HMES L, {LADBIET ZIERIE, 1 REFRMROMRIEYEE (HIED>, 2012 ;Narita
et al., 2020) OEHMFEICHROOILD. AT CHR L OIS, WIRRERED DI LR
ERHINTIEZ L E T2 33 5FERED S S, Nk—6 L0 HFEZERMENE L, T TROT 7R/ A X
T FE palaeojaponica DMELEL, N EE Picea=oH =T @ Acer wE ) MIBHIHRORA 2R 2
EDHGINTHD. TFTBOT 7R ) A XTI paleojaponica \IBETF F crenata s & LAk
Wit Ze SICAEB LI L £ 2 B Uemura, 1988 72 L), FF 1~ RIED Sorbus uzenensis s
EDIHRIEORERFE L 2 2 DD HTEREDRDO B Z LD, Nk—6 OFEITILHR RO 7 T3
R SNTACARECH D LB DND. THHDERELISNI N6 22 HIE h 7 b BRI =T 8D L
S F RV )% Acer subcarpinifolilum 71°7 5 @0 Cercidiphyllum crenatum 73EH LTS, =

UHDIFAENE, Nk—6 OIFEEREENIRED B R E T TN D & 27NE 35 D0 LAV,
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6. EHIOZEDOMONEY L ARE

6-1. B VEOHYMATEE

4 BSOS 2 T T —OREHIX > 5 —ORHIKIZANT T, Y L VB LT (X
8, 13). EVIVEIL, TN BRI bATED DIV HBEECEKE (— R E Y o UG
PG 5 AR, 2001) FHRT, HHANEE - i - B - RS ORJEIC 7RO VEE Ay (fa
A, 2001 72 L), A, ZOTEHE EHOXIEOBSHFRRIEE L Vi 12Ma LB 255 (fa
A, 2001 72 L), K@ FOBEEEDIXT VI8 Ostrya sp. DELADILAMNSS N D & Picea, A
XBRREY) Taxodioxylon, 7))@ Fagus, /> / FJ@ Alnus 78 E OMILAOEHDEHE SHUTERY (12
A, 2001), AJgEHOEEEEDHIL, ZRTHRPRENRE SN TO D ERH AR D> Tnd.
YU FROE AT BIE, Br~AJBD Osmunda cinnamomea (Matsumoto et al., 1994), O.
shimokawaensis (Matsumoto and Nishida, 2003), 17t 8D Picea nakauchii (atsumoto et al.,
1994), Y HIBD Tsuga shimokawaensis Matsumoto et al., 1995), AA i = V@D Glyptostrobus
rubenosawaensis (Matsumoto et al., 1997a), AXJBEHEMID Taxodioxylon cumminghamioides (i
A, 2001), N/ XJE Alnus sp., THH)E Ostrya sp. (I, 2001), 7 )& Fagus sp. (I,
2001), 7 =2 RVJ& Decodon mosanruensis (Matsumoto et al., 1997b) 72 EOFEHIE S TND

(PN — M) .

ABFFETIIAAA (2001) TS3 & LI-EHAWEIEO MO VATHIEEEOEHER-T DR A%
L (M 14). ZOBRETIIIECERY e EORMU ARG AN HATIEESIR - TEE L CTEH
T5. RALLTHEEL TWDTEOIZFREICI A HILD S DI TRV, ML, AT a Vg
Glyptostrobus sp. ’MEL L, N EE Piceasp., AXaATES L E$EERS Metasequoia ? sp. ,
A FRDJERHFE, B T IBD Cercidiphyllum crenatum 7~/ @D Alnus protohirsuta, 7173
J X)@ Betula sp., 7 FTJ@DT 7R ) A X7 Fagus palaeojaponica, =) 7 )& Quercus sp., U
7 v 2 @D Pterocarya japonica, N1 ) ¥J&D Populus balsamoides, ¥ F X J&D Salix
parasachalinensis, JITTJED LA LT KU ) ¥ Acer subcarpinifolium ©4 Y & Fraxinus sp.
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INEEIVTCE. FT AR DR BB O A SRR S HUe. AEHETIIRZ D
{LANAA 2 a Vg Glyptostrobus sp. THY, ZILHEEL TND LN ERDG, DRl &b R
A ¥ a V)& Glyptostrobus sp. [FIFHWEEWERTH D Z EMEESND. —F, 7TEOT 7R/
A XTFF. palaeojaponica Zhhs & LT IREERHNIAA + 3 UIE Glyptostrobus sp. |2, {LADER
RTDOLRBOLIT, BIELTEHEENTNDZ LD, IV EGNOERSITHRE L Z L3
A6ND. ZHDADER LT Ro-T" TIRHTHEE S EET DB CTH o LB AN T L
5 (X 14), ZAHOHEMHNRE & 2 OBEHROEAZ R LTS ATREMSE . &b ARzl
ROH Y, FERICHIRADRH D03, ULEBZ0TERDLE, B IVEBORNEEDARHNT, A1
3 V)& Glyptostrobus sp. ZHEEFEEL UICIRHEAE L, £OBRICT FTIBOT R ) A X7 ) F
palaeo japonica 75 E 7 OAERL SV D (LHITEASD D 7V 2 B D Pterocarya japonica <°H T J&D L
> F KU ¥ Acer subcarpinifolim% F & UT-HREANRIE LT-HECH D LB Z HID.

TR A XTI palaeojaponica 7 EDOHIERK S LD IIHEHEASS, U Z)VIJED P japonica
RLHAF RY /X A subcarpinifolim% 3L UTIFHRREAE DU CIIISIRERIRESS 40 arhdiit &
[FREDRIRLCH D03, AL > 2 V& Glyptostrobus DML L T DREAITOCRAHE TH 5. /84 (2001)
TIIBHEDAA > a V& Glyptostrobus DEFEENGHIETL, IRAFEMTEAZE T L. L
JEIZBNT, 2D LD 72t AP HE L X T2 ER E LT, AR (2001) TIFMRHESE T o 7k LTEH)
DFZEZ T TND. AWIFETHIAA (2001) DRREZSFFT D X9 IiER e o7z, 2D X5 7R8RER
P AAROIREN RS Ch o T AA 2 3 U Glyptostrobus HEFT HER L 72> TS EBZ D
ZEWTED.

AA ¥ a Vg Glyptostrobus DHUZ A Z & 2A T & Metasequoia H3 55 —FlZBSe L= /0 FERET,
BHBEE TIEE WA A TOSSMEREE LTHRZ DD, THHERRS &, Mo EHEB ORISR Kb
FARIRE 72 & O Tk OO AR & 1 HTHE LT,

6-2. EURPIREIMIRT:
4 BT ST DFERTIRARIN S~ 1 o ) LA MEA T % 258 0D “He b (3D,

1981 DERFERBITFY ; [X3) D 2 JEH#E0s-11 (5kH, 2014 D 0nL) FB3ELT0s—4 (5H, 2014 @ 0nl) 7>
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15. EFEER O EABORET 5 ~a v 7RO ON— b~ > 7. W TR EE B3
1700 1 /25000 HIEX [EAEN] THD. /— b~ TOHRPHIIX 3 250,

LENEIREMNAREE RS2 (X115, 16). P~r v TINRWOFERE “BEaialeatiEg” X7~
TR EPRDFETES DRVEOBES, IREMZ GTIEE DB S TR (X16), KEAR)720 L
P THERE L 72 & B 2 B 5. M AT ORBYEN LIE L, BEASSUIRSNTWB 2, BHE
& U THATTRE : 2 J8YE (0s—11, 0s—4) (ZOWTEAFITdR2.

LD 0s-11 T, WEEICHENTIEEE) Db afE SN (M 16). JEHE0s-11 X hZ
TR B S T O _EALITHERE LT A TR S B T (X 16), ZoBHEG 133, BA, #

AL L CEEH LTe. 0L FOBIEN I THER TE 20, Bl 0s-11 OELE, BT
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0s-1 FEBHES (FITILREHBE)
X 16. >~ v 7JIVRWIZ

T o e, ERE (= “HEET) ORI
DOEABRLE TN A DEEIRZZE T H L, AT

HEL TR D H SRR

REERHOD X 9 Zeinliflek CHERE
L7=bDEEZ HIVA. 0s—11 OFEEME L, YU 7V JBD Pterocarya japonica HMEL L, HY T

JBD Cercidiphyllum crenatum, 71T JBDILHLF R )% Acer subacarpinifolium 7>V )&

D Alnus sp. BEDOIVTEY, ZiLH OUTEBIAFEN T S IEHISOBEE 2 4T e, PEH LIAba D

- (E3
A EITEERE TH Y, AL LTZEL L ABND N, MRERA O NNTHER S 4L, HEE) SR
IRMEEITER LT, ZO XS MEAPEHE OEAR LA DPER, (LaREOMD DHErd 5 &
Os—11 DOREEAEEZ R L T LHEETE

I DJEYE 0s—4 Tl 020, 5 m1EE O, THEH AR S th s S LA REA 157~ (X 16)
Y

+’-‘ 33

.
ABUED_E FOEFNINTN HEEE L & LIZHRIE T, b7 7RIS ERO AR RIS T ) S5
9% (K16). ABEUENDSITEE EE, MbanVEE L TER LT
EET 7 ERIAT) LD > D\

H—r/ et

INLEEETDE, 0s—4 OREE
JHEL TR OOfrIRs CHERS L 72 ]

EMEDSEI,. 0s—4 CITA L L=
{baDMEEL, FRIEICIHZ BN EDONRREEE HDTW-bO0, RIETEZELERETT
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SBHZTFTIRDOLTF R )% Acer subcarpinifolium TV, MOSKERED S DITER0 B/ o
7= (B, 2014). %, BE, MHMEaAHEHL, FETEXEHOWNTHLNLDTF R /¥
A subcarpinifolium ToHo7-Z L #EETH L, 0s4 OBEIIIZTBOL LI F R /% A

subcarpinifolium DRIV NABEOREA 2R LTS EB 2 BILD.

6-3. I FaheRE

A T id AL > D IERETIE 5 D) PGHIIZ AT Topfnd 2 1afE (K3) 7bIEa & LA
FREARTTz. JNE/SERI & NPEDURR) RN A3 2R (X 17) (3HsisgE s R <, AR
DFEES HEEEOW S, ATEEHO RO HIEEE, HRER EDlSn Tl b, Hlgo)[vh)E
PN Z RS 2 LA G TH S (K 18) )1 [VE DR DJEHE I\ ThEMU LA DREHDSHER S,
IR TR o TREH L7z (M18). Zb0ZIFRILL, BHEL TN Z %L, FEN
REECH 25582, HHRAPRABD B M A RE SR PR T OB 32 4T

Q AY ) - v v N

G\ e ERELIE
¢0 50 100 4 a b
=, o 198
104X o /7 k66
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FL1

|E| LR RSN A

£ - LR EH )
NE-CRY

D

4 17. J1VEfEOEE S 2P A O/L— h~ v 7 T HGZ 3 - 551 700 1/25000

HEIX 4% Thd. — b~y 7ORIHIIN 3 25,
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EPEAE w1 JB8UE) D DENT 2 L2 L (X18). Kw-1 13, FARIRA S B O
ICHHE S HERE T A A TEEEREE TH Y, b D I BT B E FAAZHOWTIEERIRD 72 <,
FRERRIZIIBRID B 225, TJIFEZ 7R LTINS ATREMED & .

kw1 22DIFRAL U723, R, AR EEE U CEN Lz, A, HlasRirikagi 3 v
3, HET D L SIS LEBES 5. Kw-1 OfRkE LTE Re /) XD Populus sanzugawaensis
P, balsamoides3%< , 717 5 @D Cercidiphyllum crenatum ¥V 7 /3 J&OD Pterocarya japonica,
Y XIED Salix misaotatewakii, 1T /D LH T RV J 3 Acer subcarpinifolium HREFEL, A
BT RV ) A subcarpinifolium DFEFHITFEH LTS, EEAITIIITZ TRV,
BAERICIE U TH END EREOZARMED D NTRLS, E00 6 OOk % Tet B DIba 034
LCHEHLTWD Z 00, FHIMITIVERTH D EEZ bId. £z, 150V nfaltortEiA
FEOUNT I HIBHEORIE A A TG, LU EDOHERSEREE & R LATREORER LA~ D, Kw-1 ORFEE
[T AE 27 L QU2 RTREMEDSETL .

7235, JIPEHIXEE S D4 sl 209 ) | VR OTea @) b b LA DBEEZRA 1208, TR
{PRAED BATZLATTAF BT VL,
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7-1. T oA Fris oo AR

RN L7 T IR Fagus palaecjaponica %W \SFEE L, BT I@OLATF RY /% Acer
subcarpinifol ium=2 A. protojaponicum, N1/ &0 Populus sanzugawaensis, 7175 ) gD Betula
protoglobispica 7 EDZAFILVEHEILTERNT, =Y FD U B E Picea<oF R Abies 73 E Db 13
BDSBERE LTI Y, AT LI - 158 - JaREOREAE L B3k 32 g T 4 RO MR AR ORI A
RLTWDZ ERH BN E o7, PATHIRE DHEE SN SMA S 7 FIROT rRk ) A X7
F F palaeojaponica W ETEL L, MBI Piceao) T 1~ FIg Sorbus ZfE->TEY, HRAEY
FECAXTRBROMBZ R LT e, —05, ERATREDDIE, Y T8O Cercidiphyllum crenatum
AT RO LT T RV )3 A subcarponifolium, 77 & & Picea nME ST HIMEEAE, 27 V&
Fquisetum=°X r HFVHEYHEH, NUBIR Picea, Y& Salix, 7~/ )& Alnus DMEET 514578
TBHEA, 1Y ZROD C crenatum<°XFXJED S. misaotatewakii, 7V XJED Cladrastis chaneyi
DESTHMFHEEZET L. I=TROLI T R /X A subcarpinifolium 57 7 &
Cercidiphyllum &2\ NE N1/ )& Populus % fE S8 & 4 DAEEITEURPIIRE, )1 PSR CINZ,
S FHUSRAGRO AR (RS, 1991) 225 bR SNz, 2O LARETHE, AT RO
LA F RY )% A subcarpinifol ium=°71"Y 7 )& Cercidiphyllum HEEZNE DIHIR BT, FELCRE
ZITPEH L, BRI DL, BRILLIMEA B EEINLD ZEDE. ZD L) RPERND,
TS ORI IHERESRIL OB S TH L rretEnsm <, BIAEFE & FRROBEOIREOR AL 7R L
TWAHHDEEZLND. ZOXIBRFEEND, FATHEWRED DHEE S VTBEEAE & [FRRO
FIZRRAE (112) 230 AU ASTE L QU ATREMEA S .

IFRE R AR PSR T I I ORERE CH 278, LA FREmRE) || FERERE AT 2
X0 BFEE RO AT CTH D ATREMEA E . L Ly s, 4 sl <ldrhib i
WA 8 U C, KBWIZIX 7 RO T 778 ) A X7F F palaeojaponica z b L L,

NV EJE Picea 72 & OEZEMZREM DM O IELLIRIFIZEBIE A TH Y, V=T RO L
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HF R )% A subcarpinifolium=<C71>Y 7@ Cercidiphyllum7; & a8 B L T A h U b
J& Picea=o v X)@ Salix %8 51 & 3 &R, 7> T8 Cercidiphyl lum=oY7X)& Salix,

T VXE Cladrastis HME ST HIEAA 72 8 ORHAEAED SIE L T2 ERHGTH S (X 12).

7-2. BUFEOREAE & DL

L FHUBI I RN T T RO T 778 ) A X 7F Fagus palaeojaponica DME 5 L, =T @oh
N XRETE, SIEERTCH D b B BA R D I ATE S SRR A AMETE LT, AmE AL
DA IR IEEREE (Tanai and Suzuki, 1965), HALHUZAGEOMLKEREAIRD & LTz
BT A L ARE Uemura, 1988), [LEEHNG D “{&HME" (Tanai and Once, 1961) 72, 4
FHUT ORI EAREL D RO AR T H 7B A SR L 3 D458 b,
Z DX Tl IR AL 2 DB B A S CIEEEN Tho7c bD LB b,
BETL27TRICERT 2L, BUEODT T RITMIEH ORBELIEBMI ISV TESTEL 220, R
OREREHE L L TIEZ O TS (PFEIE)y, 1983 72 L), BRIBUEDT T F  crenata |(3ALHHEDE
FAPMEHILIFE D, T B A CRMEOE SFEE L C HAROMIEHOMAZ RS ST 0D (5K,
2014 ; J\UKHGIEDS, 2003 72 L),

S FHIRIERO DA T T IRIE, SEROAfEEE (Tanai and Onoe, 1961) CHALHT OIS
DEEEARE (Uemura, 1983) TZPET 5, BUEFD T £ crenata \Zitkx/g 227 F
stuxbergi TIL72 <, BIAEFEDOA X7 F F  japonica \ZiE&x CHDHT IR ) A XTF F
palaeojaponica CTb. BUEDOIRHHEIERERNCIXT ) £ crenata BNBAAERL L TR0, BIE
TEA X7 T F JjaponicalFide L ABARMELELFAFCHRRERAR Wolfe, 1979 DT 7 OREAEXSy
Tl Mixed Broad-leaved Deciduous (ZIFIFFHY ;X 19) OHERFED—> LW H(ZESIT T (&, 1999),
T FF crenata ® X O \HABAROBESFEE LTI TIEAR . AFHIR CRODONDL T TED £
palaeojaponicaly, FERENNZITHAFEA X7 F F  japonica {FERIL CD H0D, HL ETHHIFE
THY, HEHHEAHLO SO, HEFHHEETIE 45. 8% % 5D TRY, EATHMR LEITTS
T JEIREACH 66.4%% O TNWD Z & bIFETEZ D L, AFTFHBIIRBIIET 7R ) A X7

F. palaeo japonica % & d5Fd & 92 i i RS REOBFEMAEA CH - 7= rleEn E 2 bivs. 7
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R A
R
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il
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7 S T T

HBRF - BHERITE

(BHRBIH) I

BAEZEEOHEERS GEK, 2014) : AMEERH /B (T8 /BESEK/ BERESHEK
HRIFLEOHEAERS GEK, 2014) : 8K (2 1 H) /B - EEEBITH GHEEZH) /BRI (F-5#)

/BRE - BHEBTE (BREXWK)
19. W7 U7 OBHEOREANAG. BAGELERLIRE/K (2014) OREAEXS T, BAREHEOREX ) &
HIRUEAEORE A X 3R 5. FT2, FHHITEIRSIRC XL 0 X5y L= Wolfe (1979) D7

T OHAEX Gy & B2 5.

-

::m::;?%, %//{/%%é s | - ;;#o( n

30°

")

IR A XTI F. palaeojaponica | IEAHEIRECREIDEAEMRE (WIS Tanai and Suzuki, 1965)
72 EOAHRE OB R C O LR L o> CD 2 & SCHUEHU A O HILEEE. (Uemura,
1988) THEEFL 22> TWD Z &b, IThaRBIEREA X7 £ japonica &13572 0, BIAFED
7 F crenata® X 9 IRAERBMANIC B Y, FRFEMROESREL L OB CHoT2Z LB D
N5, ZiudsErs (1977) TSN QWL D1, ZHERIOMYHEATEZ RIS T D 7 @D,
AN TIIL AT T F o stuxbergi THDHDIZKL, T OMEICARREET 7R ) A X TS F
palaeo japonica % &te X D270 % L D HEAZEAHT TS,

—J5, LA THEREO R T RMEACIE, RETR) IS Y Z 8D Cercidiphyllum crenatum =P
ATTIRD LA F KU ) % Acer subcarponifolium 'V Y& Picea HE G HIWHA#RA, 27 V@

Fquisetum=<°H r R, MU R Picea, Y@ Salix, /N2 / X)E Alnus DMES T H141Y
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C. HEOTBENOWEE (Line-1)

Acer pictum
Pheliodendron amurense

Salix hultenii var. angustifolia

A HEahEtEE 4 Ulmus japonica Uimus laciniata
# Picea sp.1 Phellodendron amurense A et
. cer pictum
etula protogiobispica . Fraxinus mandshurica var. japonica
= Line=t  Ulnus japonica
Fagus palaegjaponica pic
Acer protojaponica
A b Acer subcarpinifolium, Salix misactatewakii
it s Cercidiphyllum crenatum, Plerocarya japonica

o0
LR B0 BHEE ()

Abies sachalinensi Salix cardiophylla var. urbaniana

Picea jezoensis Alnus hirsuta
Salix cardiophylia var. urbaniana

= Populus maximowiczii
ey Fices sp.2 Alnus hirsuta

B. LaFEmE

| Fogus paecciaponica . MEQAMINOEE (Line-D)

1\‘& . . ,}( ;E ‘:: 4 Equisetum sp., Picea sp. 2 Fraxinus mandshurica var. japonica Abies sachalinensis
i N7 Yy 2 EE - - fczii
1 %‘j Fpilki s E%E%.u.ﬁi L Salix misactatewakii, Bambusicideae Ainus hirsuta Populus maximowiczii
A ¥ 7 i 2 A b inifoli Abies sachalinensis Picea jezoensis
icea sp. 2, Acer subcarpinifolium, Padus ssiori Anus irsata

SLEEE Cercidiphylium crenatum, Populus sanzugawaensis Tilia japorica

Tilia japonica Salix cardiophylla var. urbaniana

Alnus hirsuta
Tilia japonica

Salix misaotatewakii, Cercidiphyilum crenatum, Salix cardicphylla var. urbaniana

Cladrastis chraneyi, Pterocarya japonica

Alnus hirsuta Alnus hirsuta

! Bo[ Ulmus laciniata Salix sachalinensis
Wl Lina-2
o

g I
=l i3

N S— T~ W&

O %0
TR 2 e BRRE (m)

%1 20. 4tk g EREA: L BIFEO-HRS N OREAE (B-IF)Y, 1996) DL,

TBHEA:, Y T )8 Cercidiphyl lum=° )@ Salix, 7 VX )& Cladrastis DS HWIFEAENE
TSNz, AREHEA CEERIC O Y TROD € crenatum<°H =T JBO LI F RV J ¥ Acer
subcarpinifolium, W0 7V JED Pterocarya Jjaponica \ZHOVNT, ZHISDWHLBERETH D A
F Cercidiphyllum japonicum F RV )3 Acer carpinifolium W'V 27V Pterocarya rhoifolia
1%, BUE, AMLIFEZRWTA 27 Ulnus laciniata, 744 2 AA Y Acer  shirasawamm= -
U g Fraxinus 72 F & & SIS OO EEHERFE L 205 Z LV abns (Sakio et al.,
2008). F7-, HIFWHIZ T CED Picea sp. 2 N> ) XJED Alnus miojaponica, Y ¥ED
Salix misaotatewakii HM&5 UTAEAEDIHEZ BN LIZDY, RNURJRE PicealZoWTIE, BifE,
T AT~ Picea glehnii 7¢ EIXHRFERHR CIHOIREMROME KL L 725 Z L ¥ BT D
(Kikuchi, 2008 72 &). >/ FBD A miojaponica \ZNHFIRHAFED /N ) 5 A japonica |[THIT
KA <, HEARRROSIHN IR Z TR 2T Ch D (B, 2017 72E). A miojaponica OOHE
FEERBESOPERN A BB D &, ITPIBIAERE & FRROIBHAR O Cdh o 72 ATREMANE 2 s, Y-
FIE Salix [IZOWTIE, BHEOKREEOMHIMHIAT L TCWDT0,  FAFRRE CHEE S

HIFZAEAI AT LUV EER & L CHIBTCE 5. A TBEDY )@ Salix 13T bl
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DD TIICED ETHHZY DRV VKM L TWLEREIFETH Y (R, 2017 72L), HE
BB CH 5 Z L b CTER D L, ZDOL IR YT XIE Salix B 43t OB
DFETEL LTV EWIFET, ZHOEHENDHEE SV iDL b RAEER ORGH
TII <, BTHOWAETHL Z L 2/RL TS, ZIVHD Z & bAFFHUOTEY LAREFITIE, 1]
FEEIRED K 5 7effabiii A= 2 Bt e— 05 C,  EAATRED» DHEE ST mmEfA= D X 5 1T
HAEFETEEN TS LB X LS.

A FF e ClIRIRED e & 7 & U CBIARET R J % Acer carpinifol ium\ZiT&7 71 =7 &
DLATF RY ) A subcarpinifol ium5isb Hivic. BUAEFEOTF NV /% A carpinifolium|3i%
WAL & LTEER AR LIRS AR ORRFE T 5% (Kikuchi, 2008 72 &), #SHET A
Y Fraxinus platypoda=oFD 27V Pterocarya rhoifolia, 7175 Cercidiphyllum japonicum
F /)% desculus trinata’z & TV, FRY XA carpinifoliumHEEFEE 722 2 & 1 3H8D TH
Thd. LEHIROEPCAREOSS, (CAGERCTAN YT RY /X A subcarpinifol ium H3%/Y
RSN X BREEVESIND OO, Z0OZ LIRS RO LA REORE R XEITEOREAEIC
HET 2 HONRZN—FT, OB EFENBIE L (T8> TS AMREEZ R L T d. FRY
XD LTI F R )% A subcarpinifol ium H>HFHIHHTHEAZIN) HAEHIRF AT )N T T4 A tiisk
DR DB S L 72> TN D &) IS, BIEDOHEAE TIZR S NRN RN FER TH L.

A T HREAL L, KIGANZIET T8 Fagus 28 5T & 32 TS AR B IS RASHNE L 2~ T,
IR R oo AR L BARN IR TH Y, BRI LB DI STV DS, BIEDOH
I RN T T T8 % B o HE L ZERIEIZERIREATIROTEAE (W VoW ity O BksAR 157K, 2014
(1 19) LT 2 &, HALHG OAL BILHESOHERHTT OaRA I LIROFEAL S & L A 1R & g7 b D
W (K19;313). 2O Lnb, AaigodiEAdlL, b bLHeeHRa AR 7Rk %
AT ENBEZBND. ), HIHEAFNBYEOIMEEDIREEA: (G&EE0y, 1996) & Lbiged

&, BITEOHE) ORI ZAHERL L CODIITETOBFEIZOWT, 2 LRI S5 L&
2 LIV ATED A TS O AR B E Qe (%120). YRFORBED AR, B HFEDS L
EUIELHLF RV )% A subcarpinifol ium (2725 15 %K< &, BHEDO-HD X 5 7edbifEE o
BEREAE & R EZRERN N LB Z HND. LLEEETEET S &, AFHkO Latiy, KR
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HNZIXTTIBDT rR ) A X7F F. palaeo japonica % 5T & 4 2 VEHE L IERTE EEBREASAROREFH7)
SLHTF RV )X A subcarpinifolium 732 £ OFRERT: EDRHEEZ S 2, ARBHNZHHED AN
AR EE ORA TR EEFTREZRBEEEDS, A7 < & b ARREIZ I ORIt I plaz LT
[ s

7-3. AFHURO HREADORHRHIERR
(1) A ars O A REOR AR

ZAVE Cilaim L CE 2L 1T, A T UM AR TP g o2 iR A RO ot

HHIEIITHTHE O 4 SR & A TR Y, Tanai (1961) ORARENZ 31T 5 dgirugrtg o

“TEEHY” ORI T 2EARECH D (X21). 4 FHIROMYA LAREORBAIRHEIE, —5ICA
A ¥ a3 Vg Glyptstrobus sp. NN =T @D Acer rotundatum7s: L OHFEFHTHETAO A BANERE,
FTATENLIRID DR L AR T 20882 S A TS b DD, 78 Fagus BMESL, HT )@
Acer R07173 ) X8, $1HHD b7 B )& Picea 75 K BT DAHAAIFFHEI S Tanai (1961) D =14
(ZRHEN 5T 5. BEAUEYIREERHSST 5 7 VR Liquidamber R0~ EE)F Comptonia %Y
ATTUNVRNT E B OFETHEET S &, Tanai (1961) O AAOHS —firRIcT 522, e
< EHIHMETII = THST-Z ENHLNTHS (X]22).

AT R 17 > & g - HER T ORI ORERIRE (5 EAUFARE ; Tanai, 1961 72&) 1ZHAK
HIADH SN TN D, ZORMRITIIHEERYRKIRZEDEE & 720 W - flfS, 1988), AbifpEduis
OE /) _EREIRE (W - flAT, 1988), WS XV NEMRE (Tanai, 1971), ABHBEALEROZOMEIEE

(Tanai, 19615 #F, 1992) CTIIBHRA OV IEILLER 250 © OO, FHRHAFAI IR KN L TH 5.
B ARRE OB ERREAIRE 340 TS ORI L ATRE & IR RS A 2 2 &3 2 Tl L T
WD, ENENORBFRIIRE < FRr-o>TnD (R 14). T72bbh, Ao b-ae 334
LV, “BIE L7ABEGRED D> QD —fBUEIRE & SN D HERGRNY, TEREMIZISHL
AREE R0 EEL <722 “FOBAAL” 2580 6 s Z eI TR (I, 1992 7:8), 4
FHUR O CAFEDFAED D, ED X 5 70 “FOBRAL” 2 EIPEritilicis 2 Lt s &

EEWRTD.
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IFERERESS 40 T & R R OEM LARRE, 4 Tl 7 ShE S 2 20RO F0E,
& BIZEDAT OHFHUITR LR LR IO HEH S S HIVTN D WFFHZAY, 1981). #iF
1FH (1981) XTI LAREFOMEE L, AN 2R Uiz, T biE, HEREH-o%A oL
BIMEL, YIXE Salix HDHNI N/ TR Alnus 70 %8 SR L 32 JFUHIMEOIRAN S O D, 1§
FIREARED X DI 7 T B AL GO L OETE TS @FHZA, 1981). HHIZA (1981)
TSN CAREDTE IR R DIV TR, BT =R RERE (Tanai, 1961) & OfHRK
HIZREE ARG L, 412, 2D & it lomamie & U ChriEo 7 WHED, 19925 4,
1992). #HHEDY (1981)  TRSNT-FEEN SISO AMEIERF T, MDA, B,
CHERINTND R 14). A WIS T DO 7 A NWWRECII T TIRINT 7R ) A X7
F Fagus palacojaponica Cl372<, WEIOT »FHRT77F FE antipofi WWEENTND (F14). T
YFWRTTTFE antipofi \IREHTHIOR -SRI TR E £h, fiid BRI EENLMET
H5. NFIIMICH A X' aA TIED Metasequoia occidentalis<P/r Y J&D Zelkova ungeri % g
terp &, REBIORHSETE L QD AT FHIEOR CATEL O & s RO~
VHEEE (Tanai, 1971) O EFLITSH. 2O Lo B #, C #TIETrR /A X7 F
palaeojaponica Z&ie X 912720, B S ST LIEOMLARHICE D bOIEN L
5. IR AR & LT A T U ORI LAY, SRl ~72@ Y, AA 2 3 D& Glyptostrobus
2 EHETeDS, WHHENO B A L IET D 08HENEL <, ZO XD RRIZRWT, 4TIkt
R =IO 7~ 3 i AR LATED— D TH D LEZ HILD.

@) ZIERUREIRE D HIE & AR PR ACE D
HAOHHIHHr e S, BRI ORM RS &, —RISBRIEN BT 572 < 70,
Z DT, LRGN ATEOMETOTINTH S, Vurd AADHF NI ESHRI I 3 e %

ﬁh@ﬁ%ﬁ%%ﬁ@:&ﬁ%b,mm%ﬁ%%@ewgﬁ%maﬁﬁﬁ%nfmé(ﬁﬁ,mm;
[X]23). F7=, AINPEOAA IV 3 VhERE Miki, 1941 ;X 23) 1%, HIOFEIZ L 5 &
HHERN DB Z 2 bd L oo (5, 2001 ; Tsukagoshi, 2011 ; [X123). X512,

FE IR A L OUR T DV I B 2 A REDS I BV TS (HEFRS, 2004 : [} 23). #EHIRD
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7% 15, HHAPEHL IO R T 7 ORI AREOEE.  Narita et al (2020) AT,

eI R E i REA K7 Ba "AAEZTYINTY” FEB Khanka Hamjindong
Hhigh £F0ED EER EHE IR B8 Wog oL 7 e 5IE
e AHE A 2000 HAT-RB(00) [ MNOS) i (2000 Paviyutkin (2009 Huioka (1972)
FHR 13-14 Ma 13 Ma 13 Ma 12Ma 14-15 Ma 11-12 Ma 9.5-14 Ma

DEHOH 33 sp,, 35 sp, 22 sp,, 116 sp., 20 sp., 165 sp., 45 sp.,

GE B & 21 gen., 14 fam. 29 gen., 20 fam. 16 gen., 12 fam. 89 gen., 41 fam. 15 gen., 10 fam. 82 gen., 39 fam. 31 gen., 23 fam.
=R R Fagus sz/z:o;’:pon/‘ca, A?}Z;ZZ: /:,f:;: Fagus antipofi, Pinus trifolia Alnus sp., Fagus chankaica, Quercus miovariabilis,
gLy . N bl » b ko : PR
MR EEEE  Acer subcarpinifolium, natorsti, Populus P, o AT Zellkava uneers Metasequioia disticha L o

Betula protoglobispica Betula protoglobispica Ulmus Fagus Cy arya ezoana Taxodium dubium Parrotia fagifolia
ERLEHOEE x O O O O x o
o . .
= ihéj{é_ﬁs) F. palaegjaponica F. antipofi F. antipofi F. japonicoides none F. chankaica £ pr:;ZZZZ ?Z.o Jata
—a . L
iR =gn  amcsgmen  DCODB spmozgme amocmmen  =gme LB
4 =

2HBEE %) 16.0 470 28.6 355 32.1 17.2 15.8

q:_ql_z’\fajA‘E“:f’El:écc) 6.04 15.5 9.88 120 11.0 6.46 597
) R om

INKERERY ) 2285 —

;ﬁﬁiﬁ:;;;%?g 2.32 294 3.02 1.86 2.70 1.16 1.81

KA B O B O bR M AR DAL TN D (A, - 2287, 1991 5 [X123). Zh oA
PO HAAEREDO R L,  AREDOTHIEAERE &L [FIRE, BE RO T LY B
AR I, “BUYE” LREE ST, L)L, AT LAREE 1352720, Ao
HOETHARRE CITEFRRO A 07 2 7 FRMED 2 UL LI, BEEAEER BRI ED b DA%
<, BEMNGH DI EROMESFENZ < G ENL TN D.

—J57, SRR VT IR EIN O PR RO CH L ORIEE IR0 Hivd OO, Tanai

(1961) OREHERANHEHTE, AASEOREE & AR, BEA, =ROZNZiok
FROZTED B SIS Pavlyutkin et al, 2016). 2D 55, HHFHHHAZHORYERID “42H
B TS T DR ED IS (Hamjindong FEAZHE) &AM (Khanka fEARE) D2 NENUSH
TS (1X123). s AR Hamjindong AEAZREI 344273 Mixed Broad-leaved Deciduous forest
THY, 7V Liquidamber o~V X~ W J& Parrotia 77 ¥R A RSO DR A S AT
W% (Pavlyutkin et al., 2016). £7z, WD Khanka HRHE, A XA 7@ Metasequoia=<?
XV AXIE Taxodium, 7X@ Zelkova 72X, FIRHROBEAUHPNAIGET 2 Db EENDD,
LHF RYU ) Fx Acer subcarpinifolium DERLT FEE LTT AR ) A X7 F Fagus
palaeo japonica \TJEEIT % I, chankaica % &te (F15).

INET, BEREREORMRLAGED = H#RWEREO B OV TR & ZANRE-T223,
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VI EOFFELZZETH L, RO HBUIF IR IIGRO Hh,  HERAAAh B b
FoTE WO IERDSNLT 5. £, FHITHHERII I AAS S 2 —F o7 Kb oL, 1 3TEL
TEDNEE THENZ T T SERITH Y (X23), AAFIGOHHEHIZRZ D Z A X 2 7Hs =1
TEMREDHBIO X A 2 2 7 LIHEAE L T D AU TRAEICET 5.

72385, HAMEERLHIR S O &2 0 A2 5705, T LF %Y 10D Kolf Hl##f (Chelebayeva,

1978) 134 FFHUL OMYLAREE JB L~V TR L@ LT 5. Kolf fEMEED TSR

(Medvezhkinan FEAARE ; I 1X, BN B Betula, v /) X)E Alnus, U 7L
Pterocarya, 71°7 7 )& Cercidiphyllum, N7/ %J& Populus, Y XIg Salix, 717 & Acer, Y~E
EJ@ Comptonia, AA 3 = 7@ Clyptostrobus 72 8 &G0, HEM L =IO/ ZRL, B
LT IS D TR DIRE DRALBRE Th 2 Z LAVREITWD. XFLT, Kolf @
OFEE (Kolfian MEHE ; HHEIIHSE) ClIsEmba L, TERE RO LN TV T T8
Fagus \XEHVE L, 7 T8 Cercidiphyl lum<°71 T7 & Acer bBEZITI L, Y ¥@ Salix, /~v
J %@ Alnus, R /@ Populus HME 5T HRHEZ ML T % (Chelebayeva, 1978). ZAL5HDHE
YHEATEOBAEFERI T & 132> TRV, D Kol fFian MEIRED A B U ORE LATRE L 1%
FERFHROFEETH A 5 LHEES LD, Kolfian fEARAIE LT 20BN DE 2D &, I
FEAEZ SO LT D FTREMEDN S, [LIHIRAEOR IR AE 27~ L QD SIE B 2 LT, BN LT
A, LIRS S e o 72 & SN AOREAEORALBESA KL<, JbEEIcRohs 7
J& Fagus HMEST 2 TAEELZEREISERNIRASHEAE X 0 S B ICHITRO ZERIEN L QD LAFIRT
EH =T, HHIHUEt AR - =R AT AR~ S BB LT 2 L AR LT D,

ARFZE UL, ARRERE DI AR DN T B RET L, KEULA DR & R E 7R 2 &
ZHERL TN, Narita et al. (2012) CTIREHFFEMBEOEHICOWTHIE L, AARDIEH LA
NP-3 (13-6.5Ma : [X]21, 22 ; LATRIRIE ; [LEFH, 1998) (TImEd 2% 2 & A L7z, NP-3 HHI LoD
NP-2 #5 (18-13Ma : [LIEFH:, 1998) (2L L QW ekl 2 )T I8 Quercus °7 U@ Liquidambar, 77
VT IV Carya OFERENED L, 7T )8 Fagus <° Taxodiaceae (“AFXEY : BifEILE / F}
Cupressaceae |ZF & O HIVTND. LUTTRIER) OREEFEDIEIIT 2R A &> (F5#E, 2008). xfL T,
NP-3 H#50D A7 NP-4 45 (6. 5-5. BMa) TIXFHH 2T T I8 Quercus R°7 V)& Liquidambar, 71V 7T 7V
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2B Carya OIEHEINEINTIHD L, 78 Fagus <° Taxodiaceae OPEHEAME L L, iR MET
DI AT E Shd R, 2008). ZO X 5 Zefbib At XE LR EAMN D fiEa B LT
W5,

IHFREREOIER LRI A BT 5 & NP-3 HATAHYS 52, TOMBITT T& Fagus<° b7
B )@ Picea MBI L, Taxodiaceae HETeZ L5 NP4 [ZHTV . T Z LTI s T
ACRERHTIIAIN L 0 b BRI =R RES B L 72 2 & 2 BT T 2 SRS TE 5.

LLERY, AAROEITRHIHN A Cd - 7o =i L, itttz ot asic et L,
BTN ANT TR R L TAR D R D L 0ol bBEZ b,

(@) drRfE LA

2 TS OTHFERIRE L, BT O FURSOSEEREIRE S, R ERIRMEL 7o TR Y, Zh
& ORI EATRED HTHIBRRY AL E-ST & KR ODFFALA DWW TP JED 20 2 L SR STz (23
#15).

—75,  AGHHE O T IR S AT T AT & CoAREN ORI LATEOF KRR £
DRILT =2 2 HET 5 L (& 6), HMICAPAIROIE T K> TR HBIA T2 5 2
SIFHEL. BEKEDOT —H ZAl a5 &, PR ORI OSSR BT
BRI Y~ RERE L W b RERMEARLTIY, Eio, “HTHtoA T X
FHTHT I ORI LD &, BRI REDINL TV D (GR6, 7). ZD X 57k
IKEDZACHREAEDEA A b7 6 LT ATREMA D 0, AREIZ IS TS AL I =8t
SHHEL U7 BRI K EDOEUTRD HALD 0 LIV, BEKEOZEITE S A— DS DL
R0, AHPRIRZEE 2 HD.

TOT « B AT 22Ma EICHEA L, SMatE, 3.6MalH, 1.5MaHD 4 >DH A 27 CREEHNC
LS EEZ DTS (BH, 2005 ; [X22). ZOHT 15Ma EIZ R TEE L A— 2 Oift
bR -o7-Z & bIEM S TEY (M, 2005 ; [X22), TLbEdTHERT 5 L, FlAsgrtaio
YA AEEED D T L OWIRE RIS, ST O A iR & AR K S
MUTWASZLIT—RAT VT « B A= Ot ORRAEZ 5D Z LINTE 5.
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@ wnshEiE (21MaZ %) @ Ar#shEiH (10MaZ %) @ SHhFHATH (1TMaZ 3)
- F8 ; 3 g

/@]

®ICAXRBELDH

Khanka

jindong -~

( “Pinus trifolia” )

o EMIEEROES O : e ] - =ik
23. HAFNEOIR & Fr kO mE O LaRE. BRI IAERT (1989), 2~ (1990), J\IE (1994),

/NEEIR - RERT (2006), B2 (2014) AZAENSIRLU TR L7z, XO—Hid Narita etal (2020)

HE AR OWIFFREARED & SO A HERE~ OB KEOEN (36, 7) 13 8Ma D
AFE A=l (X 22) OFA 7 ERRET HAREMN B R HD. Lo, TIHCEiEEs
DY TR NEYRE (FERIREK R 1560mm) 76 HiHgrtt el ooifiratiaie  (GERIREK R 1830 mm)
(2R DR KEORIING, —R7RATRE L A— VI LORHY & 13T 0V TH A IV 7 EEL
7 (22, &6, 7). N2 T, BAED HAFNSO HAMHADREAKZ 72 5T DIFY 7 E&EN S
RSEAFE A= &, 0T DR T DXSIRROFAENRE DS, IR EE LT 13)a
(Z1E, HOPAQIZEUE &R U & 5 2t sl B L CE e E 9 NI B Tidze <, Bz
KRR OKERBEDALZ T L THODAEEES 5 5.

RN E S ONSHRE R & R E B 2 b D RASNE DS ARE (REBRO A, ; fEF,
2004 ; fEHIROAKT N, RS - 2287, 1991 5 [HAROERR, AT, 2000 : (X123 ; % 16) O/
SIRDMEZE 7.2 &, REREFEORIENIKRE <, SRR & VX R—TII22n b 00, BIEORIRLT
MOAL BT DB o7 Z & 2R T RSSO FTEEME B 5 (R 16). LnLRdy s, RET—

FAPRRELTERY, U XU DRI~ DR K BB /BN 20t 112 g
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LTcE VA= EREOMHT 2 Z L I3BIRE R CIIE L.

CLAMP "C/R & 4172 3-WET K2 3-DRY D7 — & ZeAfiit 9% &, iRl Clait 7 — 2 & b ¥y
FEYREDT—4 X0 HEML TR Y, HFHI 3-DRY DIENTFEICKE o TD (E6). ZOLIHIC
JEHEE D =FERSHFEO BB &7 > IR EOBIIN S 1 AEIZRT DREROZEDRL DSEHR LT
D AMREMEN B 5. Ak, — AR, & KN & OBREICOWT, SLICHLMNCESND Z EnEE
no.

() BAAFNSOEATE & 44 F s O LA RE

G TR IRAN LT T8 FPagus AR L 3 D VESELSERISHERNRA M A- A7~ 4703, (B HFED
TR ) A X7 Fagus palaeo japonica %, LB A ARBEGTETH 5 b OBMEEE T
W5, DX 72 HAREAREOHEENT 15Ma EHO AAMHERUC L5 EIl e LTo BASN SO K
DD EINTED VIR - flRT, 2006). HAFEIT—T &7 KEERGZGOESN T >7273, 20Ma =
A6 AAMEOYERPIGE Y, FALAARIIREE RN 12, PR B ARG HE] D (2[R L727S HETED
P CBEh L7z, AREERT 2RO T, 1BMa 2 AISA7R—Y 7O E IR E - 722 & C,
BITED H @ UK TR0 MEZE L CBIEDAIREDFA 3 R s 7- (5, 2014 72 L5 [X23). H
AN ESTERRIELS, FERE B AN & D728 0 Bkt X (270> QU RTREMEDS & 2 03 (NIRRT, 2006)
FAL B A TR OMEEE A AN 3 D ot S CIIoHs ANEk & 7e o> Tz (23). Ak
EIXEAFIEIERES S, BELAROMELIH S, Bl ik Sav e, ABFJE CRtARIR & 774
g B & RO\ TBEEE L U272, [N T OISR ORRSEDMFE LT LB A DD,
ZOL D MR EEES D L, AR O AT R R SRR E IR ST LA R
ThdEEZDLND. FTo, KT L2 X 512, LAl bartoF UL A ARSI D & A
VT EARBLTEY, AASIEMEAORARN %% 2% ECHIO CEERAIESIFICHD.

A FHIRI N CTESFECH 72T 7R ) A X7 Fagus palaeo japonica IN& 3 57 FIgElE, HiA
FHAS 10 FEZRW LENLL EOFENH Y, I —1 v SHEFER &L T 7, ALKAGI 040 LT D (AT,
2002 72 X). FNHDH b, BAMTH DT F crenata b A X7 F. japonicald B AEATECTH
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ge F Ot E T o %¥%ﬁ1ﬁ§
18 | %E | a0 35 RIS FE | el el B
46(Ma) 3(|) Zb 1I0 0

‘ cf.F. crenata F. crenata
F. microcarpa(l A 7:#) (7F)
| - /! (F. hayatae

; BA T TT)

Fa;s_sp. l,' F. stuxbergi(Ls113 7 F)

I H 7 o : x
T longbetiolata F. antipofi(77 > F R 7779

——
F. evenensis 3 ) )
8 (F. muitinervis

F. palaeojaponica TR IT)
TIR/AITS) aFjaponica | | (faagy

Acersp. cf. A. subcarpinifoliim A. subcarpinifolium(s 73> F KU AF) o
T e T TTIIT EEE—— . CTPINIfOliUM
(FFUJ/F)
(b ARTERD
. =
) I
T | e || BB | =pw  [mEm !
(Tanai, , —apt) ! AR

24. T T DT F)E Fagus & 1 =5 )& Acer DF RV J X8 Indivisa DJENTHYAR.
fEkS (2002) %

5. 7@ Fagus OB —RAAET OIS TSRO 5D Ay (Denk and Grimm, 2009),
BERTHED 5 BITHT U7~ etk L, £0%, BB L7e 7 o FRT7 75 F antipofi
N AABIEHNILL AT 2 K 912785, 0TIt N 21 38 IR C OIS 32 7 R A
X T7FF. palacojaponica DX 5 78A X7 FFHii &, AINTELET DL T T stuxbergi DX H
7T HIUoMET D (T, 2002 5 [K124). Zhb 0 2 FEOSH L R AS BRSO 725 b
CRARA B D Z L BIRR STV DY (iR, 2011), SEISRAT-FEE) B HIROREA LA E O
FFD A CT U FRTTF F o antipofi DNEEITHNOIZKIL, B #HLBETIIT v FRT7 7T F
antipofi CTl37e<, TR ) ARXTFF palaeojaponica BWAYVEIOD L HITZBDHND L D725

(X 24). 7RI AXTF F palaeojaponica I%, 15T x> 70U\ AZZBDHILTUNZ F
evenensis OIELTZ B2 HNDHN, A bAEE~i % INT 722 LB HEES LS. 20X D
7HEEIT Denk and Grimm (2009) DL AL TG, AR Y RO HHIEL L, 42 ool

WHEATRE LSRR AT T BT I DACARE & ORBRRAYZEERL, £ LT, BIANTite HAROR b
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LRECIHALF DACERRE ET 7R ) A X7 F, palaeojaponica % &/ CWHZ EHEBFELTERD
&, E evenensis INT /TR ) A X7 ) F. palaeojaponica~&E AL L7ehs BT Db AGBE~ i %
JNFT=bDEBEZDHZENTED. ZOXDIZUCHAERHEDA X7 F F Jjaponica \Z-278703 %%
FEOWHG FHU ORI GRD HIVD L ) IT7eoTe &B 2 Hinb.

2 FFHUR ORI AT RN E END I T IBO LI > F R /% Acer subcarpinifoliumlZ
ONTHRRECELT D, W=T R Acer DDA R IR OREIERTED L DO TH L3,
BHIEFTHEE TR LNER, =78 Acer D% < OEINHBL L= 2 & AMLA SRR D
FERNDHEE SN TD (Wolfe and Tanai, 1987). DD TTJE Acer DAENDHEAL LI THI = &
(R 0 OOMHECH D03, A subcarpinifol ium & %F KV /X8 Indivisa D717 J@&ITAT
WEHTH I RHER L7 2 &8, MRt )| O ARk DR SAU T D CRET - LR, 2004 5 [%124)
Z DBOBFROACATRETZIL “Acer pseudocarpinifoliud” (5HF RV 7 Acer subcarpinifol ium
D =h) S (PR, 19714) LERA Onoe, 1974) OWEOTNNIH D DD, F43

(1974) OEAVANIFAFERAPRLETL ZIRNROFHE S, 246 < = Vg Ulmus DFRFETH Y, Onoe

(1974) OBFUFIREDOMFEELBHASINEL, A ezoanum=° A. protonegundo 72 £ DD J1 )&,
IRBEND bOT, #INCTF RV ) XM Indivisa DI =T BITIRIET D LB 2 bNDbaDitskx
BRI CIIFAEL 7RV 20728, T o4 sk o b a R cE D 2 F R
% A subcarpinifolium DHELE TRBA/RENRE. Loz UbfRE RAMRY T, d0BEoH
TS DAF O ST R Y ) ¥4 Indivisa DILARRH S TNS Z &2z, vy 7i
W D Khanka HEPIEECTH LB > F KU /% A subcarpinifolium DFEHPHRE SN TEY

(Pavlyutkin, 2005), FHITHALIEOWINCATEZ 20 F R )X A subcarpinifol iuml3E
FNTNDZEND (Uemura, 1988), AFHIZAHTH:E Tl HAERL IS A& oA LTy r]
REMSEZ DND. AITF R 2% A subcarpinifol ium \(ZABE T, -HYHUS O LEEETRD
MIHED DEEHT DABINEIRE (BHARATEDEL | IV, 1990 ORI IFRY) <7 7R/
A XTI F palaeojaponica & & bIZPEDMER SN BITECEDSIBHER D K 918D, DATF R
U %A subcarpinifolium(X, TERERNZIIBAREDTF RV /% A carpinifolium OHFFEEE %
HILDHM, F RV ¥4 Indivisa DF T JRITON TREEB TITEAH L, BASEGOHRTHEEZFRD,
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BUEIZREST2 L WO RIS ATRE CH 2.

b B3 XJE Betula °71°Y T @ Cercidiphyllum 73 X% 7@ Fagus o =T J@D LA L F R
U /3% A subcarpinifolium LAWK, B ABIETERS O P H AL LA - B AT 79 584
FRIZIERRD, FAUTHE CE RN HELL TV D. ZNO OGO TN ED L5 72 b 288 T
A TSRO LA Z < FRO BINVD K DT o Te DN DN TUIAERD S LR DFREE 72 573,
LHTF RY 2% A subcarpinitoliumD>HF RV /X A carpinitol ium ~DATROEA %8,
T2&, DOTEZ LIV A =HAREOR T2 L DIRHARDTZRD X 5 e Bz A=

TR Tl N2 SITIA S TH 5.

7-4. ALHREIZISVT DAEFERL O PR

JeHEE OB SR I A ERE (Tanai and Suzuki, 1965), HRAWEIIRERE (KM -
2, 2018) 73, TRHAFHTIHoR 2 URIIRERTIN I FEAEIRE GRS - 85K, 2019) 2%, ARt
(IR IEEREYRE (Tanal and Suzuki, 1965) 75, EHMEESTHIZIIAR NEEE (RHARATREEL ; AVE
5, 1990) 23, & U CRISEHHAT ORI LY O Y o X fEEE (Tanai, 1961 ; $5K, 1967 ;
FH « 2, 2018) DYMHIBHIVTW D, 2D 5 H, HA RS K ORGSO 35 57 ARk &
IPFEEFIRRRE 72 TN, RRS, IHRSREIREOME 558, 7 /7R ) A X 7) Fagus palaeo japonica

(Tanai and Suzuki, 1965 CIX /. protojaponica) HSHHEMRETHEEST 58095 SND. i
TEIRE &, HEATHIRE, BODSRIRN Y, VEELSERIMER T~ Y Rl CORMER 232 5 Z L%,
< OHGERE (R 14) L0752 E0D, EEA (2012) TIEZ b O EATEN = RERMERE
ELTETE, =HEAUEREO BTN (1992) 238 L7z X D (Sl & 70 5 S L
7.

— 5T, WHLASRERE L ARG L LT2 2 O a SRR IO T IV B IERE 2 BT
WIZFERE D BV TH D TREMED =< (BKH « 2k, 2018), ZHHDFEREZRET DL, =18
L LCTHEVICT DR 01E, SR IRTET I L RO 72 OFRUEIRE, 2 0 2>y
TERRE SR R LA B Cdo 2 7o DAL 2O LBARREIRE & S RN D, L, Zih

DENNCOREDIE Z S Z 125G, Tanai (1961) OFAHPAROEFRTIL, FEREH OV T
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SHERIRERE & OB LS B CIER <, FEALOREEE AT L D ARRAIZ b =R RELL
ICREVWZE b H Y, H—DPIF L LT ICT20IEEETH S & STnd (il 1992).
R, 4 AR ORI LaREE S DT ARREN O FREORM AR R4, Bh0EE, R, -8,
AR, H 022X OFREATEE) T, HEREGOEOC L D75 TR LRI R & 72758580
LR, ZIHOFIH I Tanai (1961) TR SAVAEARLZ, D78 < & bARERT ClEma %
ITOMERHD Z L ZERL TS LEZ DD,

Tanai (1961) OREPAREUCAHED &, FRANTAEEORH -SRI ERRE, - Bt (UL
b, Tanai, 1961 ; [¥1) 725, BEAUCIIE, W0k, A CLE, WDE - bR, 1988 5 X 1), B~
~Y (Tanai, 1971 ; [ 1), 5248 (M, 1961 ; X 1) OBWWEE), =RHANIIE0E, HiE - KT (UL
F, #WPREDy, 1981 K D), B (REIEDy, 2012 ; Narita et al, 2020 ; X 1), F&% (RHIZ
73 2017 5 X 1), BRI (H - 2, 2018 ; X 1) OFRFEMRES, TIIF ¥ — MEWRE (a4, 2001
72 K1 OFF L VORYEARD 2, FIERNCIZE0EE (Tanai and Suzuki, 1965 ; [X[1), H

(RERS - 80K, 2019 ; 1), ABIREARE CIVELE, 1990 Ot FHIEHEVIRE A 5 R, RAFKEEL ;
D, BARIET IS O o 2~ fait (B - 4, 2018 5 X 1) 2MBENT 52 L &7
5. FTEN XIS, =HIT TR Fagus ZRHRIN S Lol TR S N AEBIBIEHREAS & ST
T2, H9i < HHETLORARL b =F & K& 758 VIR STV (Tanai, 1961 #3, 1992 72 L),
Tanai (1961) OFPFRIOER TIE, (L0 SFEROSN=Y ) XJ& Liriodendron <o >
7T AJg Sassafras 728D “exotic” BEERHRRHAKERIIMNAZ, ZIIBRETZ 7o Fa /) gD
Populus balsamoides o773/ XJ&D Betula miomaximowicziana, B protoglobispica s &3t 5
EEUEEMET L, XA U AXRE Taiwania 2w Y& Cunninghamia 7¢ & D 73 E %
KL Z Lo TS, L, EEORYHCARETIE, ST~ & R ST R O
EARETIINOT NS FRHAER 2T E A EEE RN %L, 2V ) })E Liriodendron 0% A T
AKX Taiwania e £ H—HREED HIVTR. £z, R ORI 23860 DTz
T8 ) XJED B miomaximowicziana, B protoglobispica 73 ¥ DAITREIRITHL 7 2~V HEWIRED
&9 2RI AT AR E TRO HILTND (3R 14). IR T, Tanai (1961) 72 EIZHRNT=
FFIOIST 2 A 7 & SNTHEVED L T > a X IEEAT, D> THRIITHEr o =R GO 5
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N5 EEZ BN TWZE DT (Tanai, 1961), FARKIT AR & AZAN SR TN S OO, B FHH:
ORI EARE T D 2 & EBEZBITWD  (BH - 4, 2018). 20> 5 ITdmBEDHIHIRHT
AT IR NI I AU 32139 ChH 523, AR O 23 =R L L 7y
TADWIEI LB HERTRAMA TR LT D, IR & Z 2 SN D ABIRRE (B, RAKEE
VS, 1990) OREKH 7 HIEDT 7R ) A X7 Fagus palaeojaponica °5H>F KU J % Acer
subcarpinifol ium HERANZEEN D70 L, THINETHEIIOWRIRERE L DT I ETHD G
14). L7edioT, Al & bdnmElk Ty, AN &1 720, & BRLREO I E L 1) Sl
T RN AN Tl a— B U iR O W B S EE R AR DR & 7~ T R AMFTE L
boEEZBND (K22). Fiz, BEMLFEOHHIEHL) b AT AT RSO0 mED
PRI T T IBOT 7R ) A X 7F Fagus palaeojaponica b T J&D LN F KU J ¥ Acer
subcarpinifolium 73& £1% 2 & LN HAREN O LATEOLE LR E B2 6D, 72
B, AHEHEOFERE R RITENBOA (QIE35y, 2020) 72L, IMa EOIRHEEORY
FEE, K VEERMRRGE ST T~ VR Larix <2 NV B & Picea 78 E DRIHH A FIR & 3 DR A R~
L QD Z Emb, FRiORHSE AT DT 2Ma 2>5 1Ma ORIICEZE LI ATREERSE 2 Hivs.
A ATHIEORINCATED O B, IRIEAT OS2 L QO LD IIFRIREL, Z ORISR
ACHEEN ORI ATHED CLAMP <0 LAA OFEFTHERA LT 2 &, FFissrittaigl o R s At
Zid LR EAGRAY 8-10°CRREDFIFHN T, KEZREENIRO LT, FHCHHIhEitaioas
R TR e~ R & T S 00 = R R TR AR & ORI TEIRIR R E D
KT — & ORI HTTRD IR > T RUZ OV T TR ThD  (GR 6). BKEIE
DT —=HETOERRLONIZD, WTHOAREOT — 4 & BYEOIGRE & [RIFE ) Z L O
KETHD. B CATEORTHETFRIREIL U & LIEKIROT — 2 K& 7B 3580 Hiv T,
RIGHNZ TR ARG SN D4 T ORE CARE L, TS~~~ RERE, HAhiiERs, &
WEEREIRE, 2 0 2 2~ BRI IR O U N o TAEE & 77085 (%22, #6).
HRE IR I O R T — 2 MEHN TV RN S OO, SO EERE)S, IHHEET
(XA TR & BT ST HERTINC 230 C AR aiikiee L CIRBAIRAT U T2 o7z SRR S
5. ZOZ &, AN THEIHSE oG EREAHE ORI DR HUE AN TRl kMR < 12
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B L 72 D5 (Pavlyutkin et al., 2016 72 L) L3572 ->TERY, AWEEIZI N THIHEHT
Pl 5 BT BT IR N T CRkioE L CoimA R P e R A PR 2R A M E
LTV DHEES LSRG LTV D.

BACAREO/AD DB DR Y, i e BB A 2 LT D 2 EREZ
535 Uozumi, 1962) 7%, [FU < BALARHE) DURTFEREE 256 UTo/ MR (1991) I3, THIRatine
PEH LT 2 ORRE AT B 2 T 7 U A @O BAL AR R LR ROV T U B3k
Y5 LD Ak A R L O D, ZAUTT L b MR GHEE T TR DA el LTV bl
72N EEERT D LB DS, £ (1995) TiE, 14-10.0Ma (203, AAYECIEAE L CHRA
SFLL TV EEZ BILD b OO, RO AIRKE T /APA LR A DI EEZ S LI, IR
ICBER DA D -T2 & LTS, 20 & 512 4H0 BAMTIZITZE B IR S WP b ITEASTRD
HIVTUERS, FREOMADRALEZZET DR, ARRERHT CIIERD, AN TIHBEROFEN X
DERNH D EFZZ HILTND (Pavlyutkin et al, 2016 ; [X]23). ZAUKGE L TAM LD H2m72
S5 R o772, ALHHE Tl LD P RS IR A T HHAZ AR AfeE L
FELRET 722 L 2 BT TV D LB Db,

VLR Y, ACEE CIIh b g A2 IR R T Fagus, 71737 ¥R}, YRR,
AT J& Acer, U Y B Picea 75 & A FHBHNC G T =TERNEMEE) RO B, D%, BRI
AT £ CIREmMEARE N C, ZAUTERL U 7o R A R DR AR OO T e A BE BT SERNRAS A
PSHIETEH AT Tl L CIRE L QU2 Z SV sz, £z, 20X ) dtimEoimba
BHXT 7R ) A XTF Fagus palaeojaponica £713 571> F KU /% Acer subcarpinifolium %%

WIZEDWEZ G TND Z L ZFHEE T LNEALND.
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Gz A
8. TNE B

1) Ao IR (13-11Ma) ORI Cdb 2 SEREIHIRIEIE R HE e g Mo
VATEERREAED D, IR SRR ATz, IIFERE R X b OBRY NS % O LR A A
RLUTEY, EAEYOEaEZTRLE Uiz 14 821 & 33 FOM A L ks, 7 FRo7 7
N A X T Fagus palaeojaponica H* 45. 8%% 5, HEHFRLE Ieo7c. MERFEOUTLIEIAFEDZ < 1%
RFARA TN L TR Y, BEEAZER OB S LIoMIRAROIEAZ R L TV D L& X b,
F7z, FO XD IHERARHIIIET 27 ORAE R O TERERERREAMNCEZ D HiLh. WIREEIX
BRI EIED DA D AVAE LATRES KU ATE R JE D72V A Z R LTz
2)  LAERRAT, TR ST (12-11Ma) OHEER T D/ T @i HREHT L
7o, FTHADORE A ZFLE Uiz 14 B 18 J& 34 FE L R S, Y T8 Cercidiphyllum=?
F RV RITFFED LA >F RV J % Acer subcarpinifolium 7 & J& Picea hME ST 52N L
WHOWEHE O, N2 )& Fquisetum, 4 7 WFHHETHHE, UL JE Picea, Y@ Salix,
N ) XE Alnus DMEST %ISR MNEA, 1Y TR Cercidiphyllum, Y X)F Salix, 7VX)E
Cladrastis IMES T DA SO OADT /7R ) A X7 Fagus palaeojaponica fB 5D
HREREAED 4 4 A TOREZETeZ ENALIEfeoT-. FRFHREO E BRI I b ORE
R & HEREEARNT > DI EIBVAERE & AR DA BB Ch o7 & B2 b,
3) BV U AR ERE, ) IFREEE e L, 4 Fttiskod 2 oo baRE S 44 Fiit
(L LA R L, B T8 Cercidiphyl lum <%0 7V & Pterocarya, Nvi /%@ Populus,
Y XE Salix, HTTIRD LI LT RV ) ¥ Acer subcarpinifol ium7¢ ¥ HME S DIl AEZ 7/~ L
TS HD LD,
4)  SFHUROEREAL, TR R L T D & B 2 B BHWEOTHRIREAREC 4
BEDEINEAEORREN D, KIBHNII T FIBOT /7R ) A XT7F Fagus palaeo japonica ZHESfE L L,
N7 B & Picea 73 ¥ DREERICA =T & Acer, 71737 X8V 8 OFEIELIER 2 HECET DR OTFEE

JETERS B IEERHE M T o T2 Z LWL TH D, £z, TDO LD A E D L0 v F
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RV % Acer subcarpinifolium=°71"Y 7 )& Cercidiphyllum 73 ¥ %48 51 &4 HMEARS, R EE
Picea oY X@ Salix 2B NFE L D% HINA:, 72 T8 Cercidiphyllun <o)X & Salix,
7 UX@ Cladrastis HE 5T DI EOFHREAEN FIEL TS Z BB E 7o o7

5)  THRAREAFESS 40 T D SEHIMRERE DAL R FHESA LA DRERDN S, 7T RDT 7R ) A X7
) Fagus palaeo japonica h> 4§04 FHIR DI 72FE T - 7= FIREME IO TEV. [FIERIZT 7R
J A XTF F. palaeo japonica H3H ST L 72 HIORMNLATRE L DD, Attt & ik
HHIINTTT 7R ) A X7 F E palaeojaponica \3BAEDTF F. crenata D & 9 72 ARERIHINIZ &
0, JATHIE TR S AU QU K9 ITARTEDS Y IRFORMERDOREFE Ch o T rIREMN B 2 bivd. £
T2, A AR T RL O AU TR RED SRR AR | 3B EOTIRHAEA: L HR( T 5 — 5 C, RO EAEAE i
G ENDEPEEOEEDBUEORAE & 725 TR Y, FAZ LI YT RV /% Acer subcarpinifolium
P BRI OB O AT O SRR & 72 DRHESRD BTz, AFHs ORI ARt A DK
JRENIIBHEDOIHBER R, S ORI L T D 2 L R E 2 D L, ARERIC
BUHEDOAINALECACHEE ORI ATREZRBEEE DS, A7 < & b AEEIZ I\ TP gt i
(13Ma) |ZIFAT LW Z & A7

6) A AHURONN LAFEA KRRNCHE X 5 &, HOBEMOKA L — G DD, 7T /o
TR ) A X7} Fagus palaeojaponica & TRE L, N BB Piceals & DEIFERI L 1 =78 Acer
KA TR g E OULEIRER W L T DR AR L, Tanai (1961) OOREMFRRLD =FERY THHY
TLHZEBWLITHD. ZD LK D IR AR T4 s ORI ATREOTE(EN D Tanai (1961) C
RSAVTWE HARDHE =ffta D “Z2Ed) 13072 < & b AmE TIE = Th 5 Z L3 B>
Llgolo. AU ORI EATETIZRED DAL Tz “FHOBYE” 5otz 1 &
TWD LN TE DI LR, TS0 “ RO B, =—F > 7 K6 O A
BONEEEBESE T DX A I 7 LIEHFAER L TND Z EEERL TV,

7) A HURORE AT L RIRH RO T AL H oD B A ORI ARER & o 7 TSRO
EOMYACAREE T 2 &, B OILARRI DN EEMOMAA R L T\ AH B, Khanka
FEIRED K 9 725 OAETEE, 77 R /A X7) Fagus palaeo japonica \Ziik&x72 7 &0 L7 T
RYU /% Acer subcarpinifoliumZz&iele Y, ZHHIROMEWRAISE L TG, £, IMICE BT
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RIRA T 2 L, SHMEATEOHBRAERR L AR T, A EEERIEAMENZ & A3 6
NI oT=. ZHDZ L, PHHRET R I =R ORRES HEL L= &0 ) 8y 3R
WEED, BEIHEHHCNT CREAICER > T ol LB X HiLb.

8) ALHEHE CIXF AT ) & B R AT 2 8 L CHI5GRDS 8- 10°CREEEOHFIHNT, K& 724
BIIERO DIVT, BEITHTHLE, R icBnb Lzt SNDAMOEB L 1380 D Z LAV S
Tz ARMNOACARED DI S AL T kM 3 RE TIIld™ L B BEE Tld7en o 7o ATREMED
N ENREZHND.

9)  ALfRE CITHHIETIEL HILAE,  ATHERTIAT £ COMPLATEI T b A THR E L
T4 TSSO AL L [FRRO 7T Bk 3 ) 8, hoT g, hU BB E b ofia R L,
FNEDEL DILLRETT 7R ) A XT7F Fagus palaeojaponica E1-13 571> F KV /X Acer
subcarpinifolium, & HUNIZ DG %8 AT, FHHHLIRE, A A CldiiA ORI
FEFEDFRD HIVTI Y, R CRATL A TR0 Z L LW Z LAVREIUTU, JifE
BT TIIAN &322 0 Aottt IR, Al Ay & Ol AU st afitise L
TUZFREMED B 1, D X 5 7R RGO O SEIL RIS HERNRATAROREA D ke L TRk

SEL T RTREMED R STz
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9. GHNTARM LA DRLH

ABGE TG DIV AT DOIPREEBIEL L, SPFANCIRT LICRER, 19 F 26 J& 65 FiAMiER S
. XD55, HRE 1 SPERE, SRR T ORI, TR 45 S0BRRE, R ElETH D (R

16). Narita et al. (2020) (ZHIEE < (EIE L= B EHEORESC A L FIORT.

Systematic descriptions
Division Equisetopsida
Class Equisetopsida
Order Equisetales
Family Equisetaceae
Equisetum sp.
(Plate 1, figs. 1, 2)

Equisetum sp., Narita et al., 2017, fig. 5-1.

Remarks : Fragmentary stems were found in mudstone, which resemble to the modem E. hyemale L. at glance.
But these stems have thicker than modem equivalent. These specimens crowded with Picea sp. 2, Bambusioideae,
Alnus miojaponica and Salix misaotatewakii in swamp or riverside deposit of horizon Nk-3 of the Panke
Formation.

Occurrence and Collection : Nk-2 and 3 (H-475, NSM PP-12480), Kaminayoro, Shimokawa (Panke

Formation)

Division Pinophyta (Coniferophyta)
Order Pinales
Family Pinaceae

Abies protofirma Tanai
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7% 16. AW Tl T AR

Division Equisetopsida
Family Equisetaceae
Equisefum sp.
Division Pmnophyta (Coniferophyta)
Family Pinaceae
Abies protfofirma Tanai
Abies sp.
Picea kaneharai Tanai et Onoe
Picea sp. 1
Picea sp. 2
Family Cupressa ceae
Ghptostrobus sp.
Matasequoia ? sp.
Division Magnoliophyta (Angiospermae)
Family Zingiberaceae
Zingiberites sp.

Family Poaceae

Bambusioideae genus ef species indeterminate

Family Cercidiphyllaceae
Cercidiphyllum crenatum (Unger) Brown
Family Vitaceae
Vitis sp. 1
Vitis sp. 2
Family Fabaceae
Cladrastis chaneyi Tanai et N. Suzuki
Leguminophyllum sp.
Family Rosaceae
Prunus protossiori Tanai et Onoe
Prunus rubesibensis Tanai ef N. Suzuki
Sorbus lanceolata Tanai et N. Suzuki
Sorbus uzenensis Huzioka
Family Ulmaceae
Ulmuis sp.
Family Fagaceae

Fagus palaeojaponica Tanai et Onoe

Fagus sp. cf. F.palaeojaponica Tanai ef Onoe

Family Juglandaceae
Pterocarva japonica (Tanal) Uemura

Pterocarya sp.
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Family Betulaceae
Alnus miojaponica Tanai
Alnus protohirsuta Endo ex Uemura
Alnus sp. cf. A. protomaximowiczii Tanai
Alnus sp. 1
Alnus sp. 2
Betula onbaraensis Tanai et Onoe
Betula protoglobispica Tanai et Onoe
Betulaceae genus ef species indeterminate
Family Salicaceae
Popuilus balsamoides Goeppert
Populus sanzugavaensis Huzioka et Uemura
Salix hokkaidoensis Tanai et Onoe
Salix kitamiensis Tanai et N. Suzuki
Salix misaotatewakii Tanai et N. Suzuki
Salix palaeofitura Narita et al.
Salix parasachalinensis Tanai et N. Suzuki
Salix sp.1
Salix sp.2
Salix sp.3
Family Sapmdaceae
Acer palaeodiabolicum Endo
Acer protojaponicum Tanaief Onoe
Acer rotindatim Huzioka
Acer subcarpmifolium Tanai
Acer subukurundense N. Suzuki
Acer tricuspidatum Bronn
Acer sp. cf. A. fatsiaefoliinn Huzioka
Acer sp. cf. A. rotundatum Huzioka
Family Actinidiaceae
Actinidia ? sp.
Family Ericaceae
Rhododendron sp.
Family Oleaceae
Fraxinus sp.
Dicotyledons genus ef species mdeterminate
Carpolithes sp. 1
Carpolithes sp. 2



(Plate 1, fig. 3)

Abies protofifina, Tanai, 1961, p. 248-249, pl. 1, fig. 10; -, Narita ez al., 2020, p.262, pl. 1, fig. 1.

Remarks : Detached cone scales were recognized in the Konan and Kaminayoro flora. They are characterized by
obovate shape with a smoothly round apex and short stalk. Length-to-width ratio ~0.9. Although the bract scale was
not preserved in these materials, the cone scales are identical to those of Abies species, especially Abies protofirma
Tanai, in their shape, length/width ratio and short stalk. Abies protofirma is most similar to the extant Abies firma
Siebold ef Zucc. in general outline and scale size (Tanai, 1961). This species has been recorded in late Miocene—
Pliocene floras in Honshu and Hokkaido.

Occurrence and Collection : Kn-1 (NSM PP-12276) and 2, Konan, Shibetsu (Bifuka Formation), Nk-6,

Kaminayoro, Shimokawa (Panke Formation).

Abies sp.
(Plate 1, fig. 11)
Description : Leaves subulate, length 2-3 cm, width 2-3 mm,; apex retuse to emarginated, base cuneate; stomatal
zone 2 line; leaf attachment indistinct.
Remarks : The leaves of this species are able to distinguish to genus Picea by apex of leaf. This species and Abies
protofirma are possibly same species because they are occurred from same horizons.

Occurrence and Collection : Kn-1 (H-274) and 2, Konan, Shibetsu (Bifuka Formation)

Picea kaneharai Tanai et Onoe
(Plate 1, fig. 4)
Picea kaneharai, Tanai and Onoe, 1961, p.17, pl. 1, fig. 9; —, Tanai, 1961, p. 252, pl.1, figs. 3, 4; —, Huzioka and
Uemura, 1973, p. 698, pl. 1, figs. 14-20; —, Onoe, 1974, p. 31, pl. 2, figs. 6, 7; -, Narita et al., 2020, p.263, pL1, fig. 2.
Description : Samara, ovate to oblong in outline, length 1.0-1.5 cm, width 0.3-0.5 cm; seeds triangularly oval in
shape acute at base, length 2—3 mm, width 1-2 mm; wing narrowly ovate widest just beyond the middle part, rounded

at the end.
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Remarks : Several winged seeds were obtained from both horizons of the Konan site. They are identical to Picea
kaneharai Tanai et Onoe in the shape and size of the spatulate wing. This species resembles the modem Picea
polita Carricre, which grows in the mountains of central to southern Honshu at—1,000 m above sea level. This
species has been reported from early to late Miocene floras (e.g. Miyata flora: Huzioka and Uemura, 1973) around
the Sea of Japan area.

Occurrence and Collection : Kn-1 and 2 (NSM PP-12277), Konan, Shibetsu (Bifuka Formation)

Picea sp. 1
(Plate 1, figs. 5-8)

Picea sp. Narita et al., 2012, figs 4-5, 6; —, Narita et al., 2017, figs. 5-3, 4.

Picea sp. A., Narita et al., 2020, pl. 1, figs. 3-6.

Description : Leaves subulate in outline, 0.7—1.5 cm long, 1-2 mm width; apex acute to acuminate, base cuneate
to attenuate; petiole very short, attached to the twig by a sucker-like base ; leaf attachment, opposite.

Samara variable in size, ovate to oblong in outline, length 1-2.5 cm, width 0.3—-0.6 cm; base obtuse to rotundate,
rounded at apex; seeds oval to orbicular in shape, length 1-2.5 cm, width 0.2-0.5 cm; wing terminated in the upper
half of the seeds.

Remarks : A number of isolated spruce seeds, shoots and leaves were obtained from both horizons of the Konan
site. These leaves and shoots are clearly identical to those of the genus Picea, with very narrow, sessile leaf blades
and convex to acuminate apexes. The winged seeds are also identical to those of the genus, with oblong to triangular
wings and bluntly pointed seed bases (e.g. modem Picea jezoensis Carriére). Each organ is remarkably similar to
what has been found in the Kaminayoro flora (Narita et al., 2017). In the Kaminayoro localities, isolated spruce
organs were found to have accumulated in certain bedding planes of the flood plain and abandoned channel deposits;
thus [ regard them as a single species. This species probably was a common element of the riparian vegetation during
the middle to late Miocene.

Occurrence and Collection : Kn-1 and 2 (H-125, NSM PP-12197. 12198, 12278), Konan, Shibetsu (Bifuka

Formation)
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Picea sp.2
(Plate 1, figs. 9, 10, 12)

Picea sp., Narita et al., 2017, figs 5-3, 4.

Remarks : This species closely resemble to the modern Picea glehnii (F. Schmidt) Mast. in sublate outline, acute
apex leaf, which is growing in the Hokkaido, Iwate, Sakhalin, and Kuril and also similar to fossil species Picea sp.
1 in the Bifuka Formation. This species is dominated in the back swamp or natural levee deposits of the Panke
Formation and is contained in the lucstrine deposit. This species may be identical to Picea sp. 1 in outline shape and
leaf attachment, but such assumption is unclear because of ill-preservation of these fossils.

Occurrence and Collection : Nk-2, 3 (H468, NSM PP-12459, 12460), 4, 5 and 6, Kaminayoro, Shimokawa

(Panke Formation)

Family Cupressaceae
Glyptostrobus sp.
(Plate 1, figs. 13, 14)

Remarks : Many shoots, leaves and few cones are obtained same horizon of the Mosanru Formation in
Ichinohashi-Ninohashi area. These specimens are identical to genus Ghyptostrobus in having spirally arranged and
twisted needle shaped leaf and characteristic spherical to pear-shaped cone. These characteristics resemble to those
of G. europaeus (Brongn.) Heer. More complete materials are needed to assign specific levels.

Occurrence and Collection : Ichinohashi-Ninohashi (H493, 499), Shimokawa (Mosanru Formation)

Metasequoia ? sp.
Remarks : Some shoots are obtained same horizon of the Mosanru Formation in Ichinohashi-Ninohashi area.
These specimens are probably identical to genus Metasequoia in having oppositely arranged ovate to linear shaped
leaves. More complete materials are needed to identical genus and specific level.

Occurrence and Collection : Ichinohashi-Ninohashi, Shimokawa (Mosanru Formation)
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Division Magnoliophyta (Angiospermac)
Order Zingiberales
Family Zingiberaceae
Zingiberites sp.
(Plate 2, fig.1; Plate 3, figs. 1, 6; Plate 17, fig. 1)

Zingiberites sp., Narita et al., 2012, fig. 5-2; -, Narita et al., 2020, p.264, pl. 1, figs. 7-12.

Description : Laminae slightly asymmetrical, length > 12 cm (probably > 13 cm), width 610 cm; apex not
preserved, base acute, narrowly attenuate; petiole not preserved; margin entire, without marginal vein; venation
parallelodromous; medial vein or costa straight, 3.1-3.6 mm wide near base, abruptly tapering upward becoming
indistinct apically; lateral veins eucamptodromous, parallel, thickness showing at least three different orders,
decurrent at divergence, gently curved, angle from midvein measured 10 mm apart ~20-30° ; penultimate lateral
veins (2nd-order) distanced 4-5/mm; ultimate laterals (3rd-order) very thin, indistinct, three veins between
penultimate lateral veins; transverse veins as thick as penultimate lateral veins, irregularly percurrent, closely spaced
(5-7/mm), nearly perpendicular to lateral vein, forming irregular meshes; cuticle not preserved.

Remarks : Some leaf fragments in the Konan flora show large leaves with parallelodromous venation and a thick
medial vein consisting of a set of primary veins (costa), which is relatively narrow (~3 mm). The lateral veins are
composed of three-ordered parallel veins that diverge at a narrowly acute angle from the costa. The parallel veins are
connected by closely spaced transverse veins that are nearly perpendicular to the parallel veins. These features are
typical of leaves of members of the ginger family (Zingiberaceae). Fossil leaves of this family have been named
under several different fossil genera, such as Zingiberites Heer, Zingiberoideophyllum Krausel et Weyland and
Zingiberopsis Hickey et Pederson, although they may not have been well differentiated (Kunzmann, 2012). Among
these genera, these specimens yielded more closely arranged transverse veins than those of Zingiberopsis (Hickey
and Pederson, 1978) or Zingiberoideophyllum (Kunzmann, 2012). Details of venation are not well understood in
Zingiberites because of the loss of type materials; however, | tentatively designated these materials as Zingiberites
sp., which have been recorded from the Miocene of Europe (Heer, 1859, 1869) and Greenland (Saporta, 1888). No
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fossil leaf similar to this species has previously been reported from Japan.

Occurrence and Collection : Kn-1 (H-501, NSM PP-12210, 12279) and 2, Konan, Shibetsu (Bifuka Formation)

Order Poales
Family Poaceae
Bambusioideae genus ef species indeterminate
(Plate 2, figs. 2, 3, 5)

Bambusioideae genus et species indeterminate, Narita ef al., 2017, figs. 5-2, 7.

Description : Fragmentary, elongate leaves; length > 10 cm, width 2—7 cm; apex indistinct, probably acute, base
cuneate to attenuate, decurrent on petiole; margin entire or slightly undulate; venation parallelodromous; mid-vein
distinct, straight; on both sides of mid-vein, secondary veins lie up to 7 (commonly 5), parallel spaced 3 —5 mm apart;
tertiary veins parallel spaced 0.25—-1 mm apart.

Remarks : These leaves are identified to Bambusioideae because of their parallelodromous venetion and base
character. These fossil leaves congested in flood plain deposit in the Panke Formation together with Equisetum, Picea
and Salix. This taxon may be probably main element of back marsh or natural levee vegetation at middle to late
Miocene in Nayoro area.

Occurrence and Collection : Nk-1, 2 and 3 (H-479, NSM PP-12461, 12462), Kaminayoro, Shimokawa (Panke

Formation)

Order Saxifragales
Family Cercidiphyllaceae
Cercidiphyllum crenatum (Unger) Brown
(Plate 2, fig. 4; Plate 3, figs. 2-5)
Dombeyopsis crenata Unger, 1850, p. 448.
Cercidiphyllum crenatum (Unger) Brown, 1935, p. 575, pl. 68, figs. 1-11; pl I, fig. 8; —, Tanai, 1952, p. 129, pl. 5,
fig. 4;—, Tanai, 1961, p. 325-326, pL.19, figs. 1, 2; —, Tanai and Suzuki, 1965, p. 26, pl. 12, fig.4; pl. 19, fig. 2;—,
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Huzioka and Uemura, 1974, p. 352, pl. 7, fig. 4; pl. 10, fig. 2; —, Ozaki, 1980, p. 39, pl. 3, figs. 3, 4; —, Ozaki, 1991,
p. 125, pl. 3, fig. 7; —, Uemura, 1991, p. 20, pl. 2, figs. 2-6; pl. 3, figs. 2, 4a, 5a, b, 6; —, Narita et al., 2012, fig. 4-4;
—, Narita et al., 2017, fig. 5-6; -, Narita et al., 2020, p. 264, 266, pl. 3, figs. 1-3.

Description : Leaf symmetrical, wide ovate to ovate in outline; length 515 cm, width 5.5-15 cm, L:W ratio 0.9—
1.2; apex acute, base cordate; petiole thick, > 3 cm long; margin crenate, regularly and closely spaced,; teeth, distal
flank retroflexed, proximal flank concave; venation actinodoromous with five primary veins; number of basal veins
seven; medial primary vein straight, slightly sinuous; lateral primaries curving upward, inner pair extending more
than three-fourths the distance toward the apex, second pair extending one-third the distance, outer pairs shorter and
weaker; secondary veins semicraspedodromous, at least 4 pairs, diverging angle from primaries is 40-60°; tertiary
vein weak, diverging from the secondaries at an angle of 60-90°, curving upward, tertiaries near the margin ending
in teeth ;veinlet in aeoles, at least one branching, sometimes gland in apex of tooth .

Follicles, arecuate on outline; length 1.0-2.0 cm, width 0.3-0.6 cm; apex mucrorate to cuspidate; base obtuse to
slightly cuneate; another surface structure indistinct.

Remarks : Many leaves having an orbiculate shape, cordate base, shortly acuminate apex, crenate margin, basal
actinodromous and festooned brochidodromous venation were obtained from several sites of the Nayoro area. They
are clearly identical to Cercidiphyllum crenatum (Unger) Brown in overall characters (sensu Brown, 1935). This is
one of the common species in late middle-late Miocene floras of Hokkaido (e.g. Uemura, 1991; Narita et al., 2017).

Occurrence and Collection : Kn-1 (NSM PP-12205) and 2, Konan, Shibetsu (Bifuka Formation); Nk-1,2 (NSM

PP-12464),4 (H426, NSM PP-12463), 5 (NSM PP-12280) and 6, Kaminayoro, Shimokawa (Panke Formation)

Order Vitales
Family Vitaceae
Vitis sp. 1
(Plate 4, figs. 1, 2; Plate 17, fig. 2)
Vitis sp., Narita et al., 2020, p.266, pl. 2, figs. 7-12.
Description : Lamina three-lobed palmate, with shallow sinuses; medial lobe triangular, with approximately the
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same as lateral lobes at its base; primary vein of lateral lobe approximately the same length as medial vein; lobe
sinuses angular, wide obtuse; laminae symmetrical, variable in size, length 7-15 cm, width 7-17 cm, L:W ratio 1.0—
1.1, pentagonal in shape; lateral lobe apex acute, long acuminate; base angle reflexed, deeply cordate, with straight to
convex sides; petiole stout, > 5 cm long; margins serrate; teeth simple, rarely compound, distantly arranged; distal
flank of teeth convex to retroflexed, proximal flank nearly straight, tooth apices wide-acute to obtuse with a blunt tip;
principal vein enters tooth slightly basally; sinuses between two primary teeth typically round; sinuses between
subsidiary teeth rarely angular; venation palmate and basally actinodromous; three primary veins thin; medial primary
straight or sinuous, gradually tapering toward apex; lateral primaries gently curved, recurved admedially; secondary
veins thin, semicraspedodromous, >3 subopposite pairs diverge from primary vein at ~45°, upward curving, abruptly
curving up near margin, sending off tertiary veins to the tooth; secondary veins parallel, vein spacing increases
proximally; basal pair of secondaries form simple agrophic veins; intercostal tertiary veins irregular reticulate; tertiary
and quatermary veins form large polygonal meshes; areoles well developed, diameter < 1 mm; freely ending veinlets
absent, rarely present, branching once or more.

Remarks : The two fragmentary specimens possess a pentagonal foliar shape, deeply cordate base, and basal
actinodromous secondary venation. The margins of these specimens are simple serrate in which minor secondaries
entered medially. All of these features are comparable to those of the genus Vitis. More complete materials are needed
to make an assignment at species level.

Occurrence and Collection : Kn-1 (NSM PP-12281, 12282), Konan, Shibetsu (Bifuka Formation)

Vitis sp. 2
(Plate 7, fig. 3)

Remarks : Three lobed leaves characterized by venation, teeth having concave form in both distal and proximal
flank are obtained from lacustrine deposit of the Panke Formation. These leaves resemble to modem Vitis vinifera L.
growing in the Mediterranean region, central Europe, and southwestern Asia, from Morocco and Portugal but are
separable in shape of marginal teeth.

Occurrence and Collection : Nk-1 (H-294), Kaminayoro, Shimokawa (Panke Formation)
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Order Fabales
Family Fabaceae
Cladrastis chaneyi Tanai et N. Suzuki
(Plate 4, figs. 3-5; Plate 17, fig. 3)

Cladrastis chaneyi, Tanai and N. Suzuki, 1965, p. 33, pl. 10, fig. 1; pl. 21, fig. 1;—, Uemura, 1988, p. 147-148,
pl. 9, figs. 11-14; text-fig. 33 (see synonymy); —, Uemura and Yasuno, 1991, p. 50, pl. 2, fig. 4; —, Uemura, 1991,
p-21,pl. 3, fig. 2; —, Narita et al., 2012, fig. 5-5; —, Narita ez al., 2017, fig. 5-12; -, Narita et al., 2020, p.266, 268, pl.
2, figs. 1-6.

Magnolia elliptica, Tanai et N. Suzuki, 1965, p. 26, pl. 11, fig. 2.

Description : Leaflet laminae symmetrical or slightly asymmetrical, ovate to elliptic; apex acute, straight to short
acuminate with blunt tip; base obtuse, round; length 57 cm, width 2-3.5 cm, L:W ratio ca. 2; petiole (petiolule) thick,
inflated, 2.8 mm long; margin entire; venation pinnate; primary vein nearly straight; secondary veins thin,
brochidodromous, > 10 pairs, opposite, sometimes subopposite, regularly spaced, diverging from primary at ca. 60°
on middle portion, considerably incurved, creeping up along margin, connecting with the next upper secondary,
occasionally branched ca. two-thirds to margin, parallel; intersecondaries rarely present, nearly parallel to neighboring
secondaries; tertiary veins thin, opposite percurrent, convex or sinuous, irregularly spaced; quaternary veins thin but
distinct, mixed percurrent; quintenary veins thick, irregular, forming polygonal areoles with quatemaries; areoles
moderately developed; veinlets branched more than twice.

Remarks : A number of legume leaflets were recognized in the Konan and Kaminayoro floras. They are identical
to Cladrastis chaneyi, with a short acuminate apex, closely spaced brochidodromous secondaries, percurrent
intercostal tertiaries, and moderately developed areoles with branched veinlets. Since its original description from the
Shanabuchi (late Miocene) and Rubeshibe (Pliocene) floras of northemn Hokkaido (Tanai and Suzuki 1965), this
species has been recorded among other Miocene and Pliocene floras in Japan (Uemura, 1988). Tanai and N. Suzuki
(1965) compared it with the extant Cladrastis kentukea (Dum.Cours.) Rudd (= Cladrastis lutea) growing in North

America. In overall shape and in having closely arranged, smoothly curved, parallel secondaries, Cladrastis chaneyi
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is also similar to Cladrastis platycarpa (Maxim.) Makino, which grows in temperate forests of Honshu and Shikoku

in Japan and in central China. Cladrastis chaneyi is also common in lacustrine deposits of the Kaminayoro flora

(Narita et al., 2017). Therefore, Cladrastis chaneyi is assumed to have inhabited lakesides in this region.
Occurrence and Collection : Kn-1 (NSM PP-12206) and 2, Konan, Shibetsu (Bifuka Formation); Nk-1 (H-355,

NSM PP-12465), 2, 4 and 5, Kaminayoro, Shimokawa (Panke Formation)

Leguminophyllum sp.
(Plate 7, fig. 2)

Leguminophyllum sp., Narita et al., 2020, p. 268, pl. 3, figs. 5-8.

Description : Leaves odd-pinnately compound, terminal leaflet not well-preserved, lateral leaflet opposite; leaflet
laminae basally asymmetrical, length 3.5—7 cm, width 1.4-3 cm, L: W ratio 2-2.5, elliptic to oblong shape; apex acute,
straight or slightly convex with round apex, base obtuse, round; petiolule short, ~2 mm, pulvinus; margin entire;
venation pinnate; primary vein stout, straight, gradually tapering toward apex; secondary vein eucamptodromous,
thick and distinct near primary, abruptly tapers distally, > 7 pairs, opposite to subopposite, irregularly spaced,
diverging from primary at~45° on middle portion, but acuter angle proximally, straight then curving upward to form
a series of loops; intersecondary veins usually present, short, diverging at higher angle than contiguous secondaries;
tertiary veins indistinct, diverging from secondaries at 60—110°, opposite percurrent or irregularly reticulate;
quaternary veins thick, alternate percurrent, forming orthogonal meshes; areoles apparently well developed; veinlets
branched once or more.

Remarks : This pinnately compound leaf can be assigned to the Fabaceae based on the following features: (1)
elliptic to oblong, entire-margined leaflets with round apices and bases; (2) pulvinus petiolule; and (3)
eucamptodromous secondary venation. Among the genera of the legume family, the specimen was somewhat similar
to Maackia with a round apex and remotely arranged, thick secondary veins that are straight and rise at a wide acute
angle and abruptly curved upward  and tapered toward the margin. However, my specimen was not preserved well
enough to observe the fine-venation characteristics in detail. Therefore we compared it to members of the genus

Leguminophyllum, an organ genus applicable to isolated legume leaflets.
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Occurrence and Collection : Kn-2 (NSM PP-12317), Konan, Shibetsu (Bifuka Formation).

Order Rosales
Family Rosaceae
Prunus protossiori Tanai et Onoe
(Plate 5, figs. 2, 3)

Prunus protossiori, Tanai and Onoe, 1961, p. 44, pl. 13, figs. 6, 7; —, Tanai and N. Suzuki, 1965, p.29-30, pl. 12,
fig. 8; pl. 18, fig. 3; —, Huzioka and Uemura, 1973, p. 713, pl. 10, Fig. 10; —, Huzioka and Uemura, 1974, p. 353, pl.
10, fig. 1; —, Ozaki, 1980, p. 43, pl. 4, figs. 11, 12; —, Uemura, 1986, p. 124; —, Ozaki, 1991, p. 128, pl. 5, fig. 1;—,
Narita et al., 2017, fig. 6-1; -, Narita et al., 2020, p. 268, pl. 4, figs. 1-3..

Prunus ssiori, Okutsu, 1955, p. 100, pl. 4, fig. 2.

Description : Laminae symmetrical, length 7—12 cm, width 4-8 cm, L:W ratio 1.5-1.75, elliptic shape; apex acute,
acuminate; base obtuse, round; petiole stout, > 5 cm long; margin serrate; tooth simple or duplicately serrate,
approximately regularly spaced; distal flank of teeth concave to flexuous, proximal flank flexuous, principle vein
enters tooth medially; sinuses angular, narrowly acute; venation pinnate; primary vein stout, straight; secondary veins
semicraspedodromous, thick, > 12 opposite pairs, sometimes subopposite, parallel, regularly spaced, diverging from
primary vein at ca. 40-60° on middle portion; tertiary veins thin, originating at 60° to almost right angles from
secondary vein; intercostal tertiaries thin, closely-spaced (5—7 per cm), percurrent, straight or sinuous, nearly
perpendicular to adjacent secondaries, obtuse to mid vein, vein angle decreasing exmedially; higher order venation
and cuticular characters not observable.

Remarks : These materials are clearly identical to those of the genus Prunus complex in the simple leaves with
semicraspedoromous secondary venation, arrangement of intercostal tertiaries, and typical spinose tooth. They also
have small, equal-sized teeth similar to those of Prunus protossiori Tanai et Onoe, which was originally described
from the late Miocene Onbara flora of western Japan (Tanai and Onoe, 1961).

The overall features of Prunus protossiori are similar to those of extant Prunus ssiori, which is distributed across

northem Honshu, Hokkaido, Sakhalin, the Kuril Islands, northeast China, and Ussuri. Prunus protossiori has been
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recorded in late Miocene floras from Japan and probably is one of the common species of the Mitoku-type flora.
Occurrence and Collection : Kn-1, Konan, Shibetsu (Bifuka Formation); Nk-1 (H-284, NSM PP-12466) and 2,

Kaminayoro, Shimokawa (Panke Formation)

Prunus rubesibensis Tanai et N. Suzuki
(Plate 5, fig. 1)

Prunus rubeshibensis, Tanai et N. Suzuki, 1965, p. 30, pl. 5, fig. 1; pl. 17, fig. 2; —, Narita et al., 2017, fig. 6-2.

Descroption : Lamina symmetrical, elliptical in shape; apex acute, base missing, probably convex to rounded;
length estimated 15—16 cm, width 12 cm, L:W ratiol.25-1.3; petiole, stout, long, length >5 cm; margin serrate;
venation pinnate; primary vein stout, straight; secoundary veins thick, > 10 pairs, opposite or subopposite, parallel
regularly spaced diverging from the primary at an angle of ca. 45-60° on the middle portion,
semicraspedodromous; tertiary veins thick, originating at 60° to almost right angles on secondary vein, intercostal
tertiary, regularly spaced, percurrent, convex.

Comparision and Remarks : Only one leaf specimen is occurred from the horizon Nk-1 of the Panke Formation.
This specimen is similar to modem Prunus sargentii (= Cerasus sargentii (Rehder) H. Ohba) which is belong to
genus Cerasus today (Yonekura, 2012). P. rubeshibensis is slightly similar to P. ssiori, but separable in marginal teeth
and foliar shape.

Occurrence and Collection : Nk-1 (NSM PP-12467), Kaminayoro, Shimokawa (Panke Formation)

Sorbus lanceolata Tanai et N. Suzuki
(Plate 6, fig. 1)
Sorbus lanceolata, Tanai and N. Suzuki, 1965, p.32, pl. 13, fig. 3; —, Huzioka and Uemura, 1973, p. 714, pl. 10,
figs. 7-10; —, Uemura, 1988, p. 145; -, Narita ez al., 2020, p. 268-270, pl. 4, figs. 9-11.
Description : Leaves pinnately compound, terminal leaflet not preserved, lateral leaflets oppositely arranged; leaflet
laminae basally asymmetrical, length 4—7 cm, width 1.5-2 cm, L:W ratio 2.7-5, narrow oblong in shape; apex acute,
straight, base acute, convex; petiolule short; margin entire in lower half, serrate in upper half of blade; teeth simple,
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distant, evenly spaced, at intervals of <2 mm; proximal side of teeth straight or weakly flexuous, distal side convex
or flexuous, tooth apex acutely pointed; principal vein enters teeth slightly basally; sinuses angular, narrowly acute;
venation pinnate; primary vein stout, straight, gradually tapering toward apex; secondary veins craspedodromous,
thick, opposite, slightly sinuous, > 9 pairs, regularly spaced, diverging from primary at ~50° on middle portion,
straight, curving upward near margin; tertiary veins medium, opposite percurrent, obtuse to midvein, angle decreasing
exmedially; quaternaries random reticulate, forming irregular polygonal meshes; veinlets branched once to several
times.

Remarks : Several leaves and leaflets that were newly recognized in the Konan flora were assigned to Sorbus
lanceolata based on their narrow oblong shape, margin characteristics, entire lower half and setrate upper half. Tanai
and N. Suzuki (1965) maintained that this species was related to extant Sorbus matsumurana (Makino) Koehne,
which grows on the high mountains of Hokkaido and northern and central mountains in Honshu in Japan.

Occurrence and Collection : Kn-1 (NSM PP-12286), Konan, Shibetsu (Bifuka Formation)

Sorbus uzenensis Huzioka
(Plate 5, figs. 4-6)

Sorbus uzenensis Huzioka, 1964, p. 86, pl. 8, figs. 8, 8a, 9; —, Tanai and Suzuki, 1965, p.33, pl. 10, fig. 4; pl. 18,
fig.1; —, Huzioka and Uemura, 1974, p. 353, pl. 7, figs. 5, 6; —, Ozaki, 1980, p. 48, pl. 5, fig. 8; pl. 6, fig. 1;—, Ozaki,
1991, p. 130, pl. 4, fig. 10; -, Narita et al., 2020, p.270-271, pl. 4, figs. 4-8.

Description : Leaves pinnately compound, terminal leaflet not preserved, lateral leaflet oppositely arranged; leaflet
laminae basally asymmetrical, length 5-9 cm, width 2—3 cm, L:W ratio 2-3, elliptic to oblong in shape; apex probably
acute, straight, base acute, convex; petiolule short; margin doubly serrate on upper three-fourths of blade, entire
basally; marginal teeth compound, normally one subsidiary tooth situated on proximal side of principal tooth,
secondary vein enters each tooth slightly apically; proximal flank of tooth convex, distal flank concave or flexuous,
forming acutely pointed tip; sinus angular, acute; venation pinnate; primary vein stout, straight, gradually tapering
toward apex; secondary veins craspedodromous, thick, opposite to subopposite, > 11 pairs, regularly spaced,

diverging from primary at ~60° on middle portion, gently curved, forked several times toward margin;
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intersecondaries present, normally 1-2, short, parallel to contiguous secondaries; tertiary veins medium, random
reticulate, rarely percurrent, obtuse to midvein at uniform angle; quaternary veins irregularly reticulate, forming
polygonal areoles of irregular size; veinlet probably branched several times.

Remarks : Several leaves and leaflets were recognized in the Konan and Kaminayoro floras. They are identical to
Sorbus uzenensis Huzioka, which was originally described from the early Miocene Nishitagawa (Tanai, 1952), Seki
(Huzioka and Nishida, 1960) and Aniai (Huzioka, 1964) floras by its doubly serrate margin and forked secondaries
that end in marginal teeth apically. The late Miocene occurrence of this species was recorded for the first time by
Tanai and N. Suzuki (1965) from the Shanabuchi flora of northern Hokkaido and subsequently by several authors
from northem to central Japan. It became apparent that this species was more common among the late Miocene and
Pliocene floras in Japan. This species can be distinguished from Sorbus lanceolata due to its slightly wider leaflet
laminae, compound marginal teeth, greater number of secondaries, and the presence of marginal teeth on the basal
halves of the blades. This species resembles Sorbus commixta Hedl and Sorbaria sorbifolia (L.) A. Braun var.
stellipila Maxim. (Narita et al. 2012); however, the current species is distinct from those two taxa due to its weakly
curved secondary veins and the concave shape of the distal flank of the marginal teeth.

Occurrence and Collection : Kn-1 (H-170, NSM PP-12285, 12287) and 2, Konan, Shibetsu (Bifuka Formation);

Nk-6, Kaminayoro, Shimokawa (Panke Formation)

Family Ulmaceae
Ulmus sp.
Remarks : One carbonaceous wood fossil from the horizon Nk-3 in the Panke Formation. More complete materials
are needed to make an assignment of genus and species level.

Occurrence and Collection : Nk-3, Kaminayoro, Shimokawa (Panke Formation)

Order Fagales
Family Fagaceae
Fagus palaeojaponica Tanai et Onoe
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(Plate 6, figs. 2—6; Plate 7, figs. 1, 4)

Fagus palaeojaponica, Tanai, 1960, p. 798, pl. 1, figs. 1, 8;—, Tanai and Onoe, 1961, p. 35, pl. 7, figs. 3-5; -,
Ozaki, 1979, p. 52, pl. 6, fig. 7; —, Uemura, 1986, p. 123, text-fig. 4; —, Uemura, 1988, p. 118-119, pl. 2, figs. 1-7,
text-fig. 22; —, Uemura, 1991, p. 2021, pl. 1, figs. 1-3; —, Ozaki, 1991, p. 147, pl. 13, fig. 6;—, Narita et al., 2012,
fig. 4-1;—, Nariita et al., 2017, fig. 6-3; -, Narita et al, 2020, p. 271, 272, pl. 5, figs. 1-6.

Fagus sieboldi, Nathorst, 1883, p. 84, pl. 15, fig. 6.

Fagus japonica, Nathorst, 1888, p. 227, pl. 9, figs. 3-8; —, Murai, 1958, p. 20, pl. 2, figs. 1-3.

Fagus protojaponica Suzuki, 1961, 33, pl. 2, fig. 10; —, Tanai, 1961, p. 308, pl. 15, figs. 5, 6; —, Tanai and Suzuki,
1965, p. 21, pl. 6, fig. 2; pl. 16, fig. 8; pl. 20, fig. 5; —, Huzioka and Uemura, 1973, p. 710, pl. 8, figs. 4-8; —, Murai,
1976, pl. 2, fig. 6.

Description : Laminae symmetrical or slightly asymmetrical, length 7-18 cm, width 3.5-11 cm, L:W ratio 1.6
2.0, elliptic or slightly obovate in shape; apex acute, acuminate: base acute to obtuse, round; petiole, stout, short, < 1
cm long; margin entire, at times slightly undulate, rarely sinuous along upper blade; venation pinnate; primary vein
stout, straight; secondary veins thick, > 15 pairs, opposite, sometimes subopposite, parallel, regularty spaced,
diverging from primary at ~45-60° on middle portion, eucamptodromous; intercostal tertiaries percurrent, straight,
regularly spaced, perpendicular to adjacent secondaries; quatemary and quintenary veins irregular reticulate, forming
oblong to polygonal areoles of irregular size; veinlet irregular in ramification, branching once to several times, with
gradually thinning tips.

Remarks : Abundant leaves were recognized among the Konan flora and also recognized in Nk-6 of the
Kaminayoro flora. According to their marginal characteristics and regularly spaced secondary and tertiary veins, these
specimens are clearly identical to Fagus palaeojaponica (Nathorst) Tanai ef Onoe. The leaves of this species resemble
those of the extant Fagus japonica Maxim., which grows on the Pacific side of the Honshu and Kyushu Islands, and
to those of Fagus multinervis Nakai on Ulleung-do Island, Korea, in both the general shape and number of
secondaries. However, some incomplete cupulas co-occurring in the Konan Tuffaceous Sandstone and Mudstone
Member of the Bifuka Formation are distinct from those of modem species due to their much larger size and relatively

long spiny appendages on the surface. Therefore, its relationship to modem species should be evaluated in future
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studies.

Fagus palaeojaponica dominated the lacustrine deposits of the Konan Tuffaceous Sandstone and Mudstone
Member of the Bifuka Formation. This species was known to dominate in montane vegetation of the Kaminayoro
flora (Narita et al., 2017). Similar trends have been recognized among the late Miocene Shanabuchi and Pliocene
Rubeshibe flora of northern Hokkaido. Therefore, Fagus palaeojaponica beech forest was well developed in northemn
Japan during the late middle Miocene to Pliocene, which contrasts with the beech forest dominated by Fagus
stuxbergi in southern Japan (Uemura, 1991).

Occurrence and Collection : Kn-1 (NSM PP-12204, 12289, 12290) and 2 (H-186, 251), Konan, Shibetsu (Bifuka

Formation); Nk-<4 (NSM PP-12468), 5 and 6 (D-211), Kaminayoro, Shimokawa (Panke Formation)

Fagus sp. cf. E palaeojaponica Tanai et Onoe
(Plate 7, fig. 5)
Remarks : Two cupula impressions occurred from horizon Nk-6 in the Panke Formation. These cupulas referred
to genus Fagus by spiny appendages surface. These cupulas and leaves of F. palaeojaponica Tanai et Onoe are
probably same species by their co-occurrence.

Occurrence and Collection : Nk-6 (C-114), Kaminayoro, Shimokawa (Panke Formation)

Family Juglandaceae
Pterocarya japonica (Tanai) Uemura
(Plate 8, figs. 1-4)
Juglans nigella, Nathorst, 1888, p. 16, pl. 5, fig. 8; pl. 8, figs. 10, 11.
Juglans sp., Tanai et Onoe, 1961, p. 21, pl. 11, fig. 4.
Juglans japonica, Tanai, 1961, p. 275, pl. 6, figs. 9, 10.
Pterocrya asymmetrosa, Konno, Tanai and N. Suzuki, 1965, p. 12, pl. 11, fig. 5; pl. 21, figs. 7, 8; —, Huzioka and
Uemura, 1974, p. 349, pl. 3, figs. 11, 12.
Pterocarya japonica, Uemura, 1988, p. 132, pl. 8, fig. 1;—, Narita et al., 2017, fig. 5-8; -, Narita et al., 2020,
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p.273, pl6, figs. 1,2,4, 5.

Remarks : Some Pterocarya leaves and leaflets have been recovered from many site of the Nayoro area. Identifying
juglandaceous leaves among the Miocene floras of Japan has been challenging. The current species was originally
described as a new species of Juglans based on leaflet remains from the Upper Miocene Shanabuchi Formation
(Tanai, 1961), which showed regularly spaced small triangular teeth and a single series of secondary loops
(semicraspedodromous). Based on these characters, Uemura (1988) transferred it to Pterocarya. The species is also
characterized by its oblong to elliptic shape and relatively closely spaced secondary veins, and is distinct from
Pterocarya protostenoptera Tanai of the early to late Miocene floras of Japan.

This species has been compared with an extant endemic species of Japan, Pterocarya rhoifolia Siebold et Zucc.,
in its short acuminate apex and its sharply pointed triangular teeth distributed evenly over the margin. Narita et al.
(2017) revealed that Pterocarya japonica was one of the constituents of riparian vegetation in the Kaminayoro flora
(Narita et al., 2017), based on its occurrence and the depositional features of associated sediments. This species is also
common among the Neogene floras of Japan.

Occurrence and Collection : Kn-1 (NSM PP-12201, 12291) and 2, Konan, Shibetsu (Bifuka Formation); Nk-1, 2,
4 (H-425, NSM PP-12469) and 5, Kaminayoro, Shimokawa (Panke Formation); Onnenai river, Bifuka (Bifuka

Formation)

Pterocarya sp.
(Plate 8, fig. 5)

Pterocarya sp., Narita et al., 2020, p. 273, pl. 6, fig. 3.

Description : Obliquely compressed fruit, winged, stigma not preserved; nut probably two-valved, deep striations
on surface, > 7 mm long, 5.5 mm wide; nut-enclosed area 10.5 x 9.3 mm on surface; wing reniform, > 16.6 mm long
from center, > 16.3 mm wide; veins radiating, relatively evenly spaced, bifurcated several times toward margin,
tapering exmedially.

Remarks : Three incomplete, isolated winged nuts were recovered from the Konan site. These specimens are

identical to Pterocarya based on wing shape. They are closest to the moderm Pterocarya rhoifolia Siebold et Zucc. in
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all morphological characters. This is the first report of winged nuts similar to the extant Pterocarya rhoifolia in
Miocene or earlier floras in Japan. They were found in the same horizon with Pterocarya japonica; it is highly
probable that the nuts belong to the same species, but I hesitate to make that assignment because I did not find
botanical connections between the two organs.

Occurrence and Collection : Kn-1 and 2 (NSM PP-12201), Konan, Shibetsu (Bifuka Formation)

Family Betulaceae
Alnus miojaponica Tanai
(Plate 10, figs. 2, 3)

Alnus miojaponica Tanai, 1961, p.280, plL.6, fig.8; pL.9, fig.5; pl.10, fig. 10; — Tanai and Onoe, 1961, p.23, pl. 2,
fig.7;— Uemura, 1988, p.122—123, pl. 6, figs. 12—-16.

Remaerks : Many carbonized leaves of this species are occurred from uppermost part of Nk-3 (Nk-3”), the Panke
Formation. They are concentrated on the back marsh deposit of horizon Nk-3” in the Panke Formation. This species
is resembled to the modem A/lnus japonica which is distributed in Japan, Korea, Taiwan, Ussuri and Mandshurica.
Mordem A. japonica is living in back marsh. A. miojaponica may lived in back marsh because of their occurrence.

Occurrence and Collection : Kn-3’(D-67, NSM PP-12472), Kaminayoro, Shimokawa (Panake Formation)

Alnus protohirsuta Endo ex Uemura
(Plate 9, figs. 3, 6; Plate 10, figs. 1, 4; Plate 11, figs. 4, 5)

Alnus protohirsuta Uemura, 1988, p. 123-124, pl. 2, fig. 13; —, Uemura, 1991, p. 21, pl. 1. Fig. 5.

Alnus protohirsuta Endo (nom. nud.), 1955, pl. 27, fig. 5; —, Tanai and Onoe, 1961, p. 22, pl. 2, fig. 1; pl. 3, fig. 5;
—, Tanai, 1961, p. 282, pl. 6, fig 6; pl. 7, fig. 1; —, Tanai and Suzuki, 1965, p. 14, pl. 14, figs. 5, 9; pl. 19, fig. 5; —,
Huzioka and Uemura, 1973, p. 706, pl. 4, fig. 4; pl. 5, fig. 9; —, Huzioka and Uemura, 1974, p. 349, pl. 4, fig. 5; -,
Narita et al., 2020, p. 273-275, pl. 7, figs. 14.

Alnus protohirsuta Endo ex Tanai et Onoe, Ozaki, 1991, p. 142, pl. 10, fig. 9.

Alnus hirsuta Okutsu, 1940, p. 157, pl. 9, figs. 3, 4.
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Corylus sp., Narita et al., 2012, Fig. 5-3.

Description : Laminae symmetrical, length 6.0-10 cm, width 5.0-8.0 cm, L:W ratio 1.2—1.25, ovate to oblong in
shape; apex obtuse, straight or slightly convex; base slightly inequilateral obtuse, truncate, or round; petiole stout,
short, 1-3 cm long; margin serrate, groups of teeth forming lobation; teeth compound; principle tooth bearing one
smaller tooth on distal side, 1-2 teeth on proximal side; subsidiary tooth only bears one small tooth on proximal side;
distal side of tooth usually flexuous, rarely convex, distal flank flexuous, straight or convex; tooth apex acute, blunt,
often with prolonged tip, secondary or tertiary veins enter tooth medially; venation pinnate; primary vein thick and
straight in course; secondary veins craspedodromous, thick, 7-10 altemate pairs, basal secondaries diverging from
primary at 70° to right angles, others diverge at acute angles, course straight or recurved near diverging point, gently
curving up, spreading; basal 23 secondaries forming compound agrophic veins; intercostal tertiary veins thin,
prominent, percurrent, straight or slightly convex, obtuse to the midvein, vein angle increases proximally, uniformly,
closely spaced, 4-6 per cm; quaternary and quintenary veins, thick, reticulate, forming polygonal meshes; areoles
well developed; veinlets usually branched several times.

Remarks : The leaves recognized from the Konan flora are variable in shape and size, but these specimens are
identical to those of Alnus protohirsuta in their general shape, characteristic marginal teeth forming lobations, and
compound agrophic veins. This species has been considered a possible ancestor of the extant Alnus hirsuta Turcz. of
northem East Asia. Alnus protohirsuta is one of the characteristic species of late Miocene floras from the Japanese
Islands.

Occurrence and Collection : Kn-1 (NSM PP-12292, 12293, 12295, 12301) and 2 (NSM PP-12302, 12203),

Konan, Shibetsu, the Bifuka Formation.

Alnus sp. cf. A. protomaximowiczii Tanai
Remarks : Some ill-preserved leaf fossils of this taxon are recognized in the Panke Formation. These leaf fossil
specimens are close similar to Alnus protomaximowiczii described by Tanai (1961) and similar to existing 4.
maximowiczii Call. in marginal character and venation. But leaf shape of my specimens is slightly longer than A.

protomaximowiczii. This leaf shape is resembled to existing A. maximowiczii rather than 4. protomaximowiczii in
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outline and marginal teeth. Uemura (1988) pointed the leaves referred to 4. protomaximowiczii from late Miocene
floras slightly differ from the middle Miocene specimens, showing more similar features to the modem A.
maximowiczii. The features from the Kaminayoro species might shows modemization of A. maximowiczii-like
elder.

Occurrence and Collection : Nk-1, Kaminayoro, Shimokawa (Panke Formation)

Alnus sp. 1
(Plate 9, fig. 4)

Alnus sp., Narita et al., 2020, p. 275, pl., 5, figs. 7-12.

Description : Laminae symmetrical, length 7-11 cm, width 57 cm, L:W ratio 1.4-1.6, elliptic to ovate in shape;
apex acute, straight; base obtuse, convex, short straight portion near primary vein; petiole missing; margin double
serrate; distal flank of tooth straight, proximal flank straight or flexuous; apex acute, with short spiny tip; sinus angular,
wide acute to obtuse; secondary vein enters tooth medially; venation pinnate; primary vein thin, straight, slightly
sinuous; secondary veins craspedodromous, thin, straight, > 8 pairs, opposite to subopposite, regularly spaced,
diverging from primary vein at 30-45° on middle portion, recurved near divergence, slightly spreading exmedially;
intercostal tertiaries thin, opposite to alternate percurrent, straight or sinuous, obtuse to midvein, vein angle to midvein
almost uniform; quatemnary veins thin, reticulate, forming polygonal meshes; areoles well developed; veinlets
branched once or more.

Remarks : In shape, these leaf fossil specimens are similar to Alnus kefersteinii (Goeppert) Unger from the late-
early Miocene Shanwang flora (Hu and Chaney, 1938), but these specimens have less conspicuous marginal teeth.
In margin characters and secondary and tertiary venation they also resemble the modem Alnus serrulata (Aiton)
Willd. from the eastern United States and Alnus serrulatoides Callier from westem Japan, but both of those species
show short convex apical parts rather than the cuneate apical parts seen in my specimens. More complete materials
are needed to assign them at species level.

Occurrence and Collection : Kn-1 (NSM PP-12294a, 12294b) and 2, Konan, Shibetsu, the Bifuka Formation.
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Alnus sp. 2
Remarks : Four fragmentary cones obtained from 2 horizons (Nk-3, 6) of the Panke Formation. Each specimen is
fragmentary but has spherical form, these are referred to genus Afnus.

Occurrence and Collection : Nk-3, 6, Kaminayoro, Shimokawa (Panke Formation)

Betula onbaraensis Tanai et Onoe
(Plate 10, figs. 5, 6; Plate 17, fig. 4)

Betula onbaraensis, Tanai et Onoe, 1961, p. 25, pl. 4, figs. 1, 2; —, Tanai, 1961, p. 289, pl. 11. fig. 9; —, Murai, 1962,
p- 16, pl. 5, figs. 1, 2;—, Tanai and Suzuki, 1965, p. 16, pl. 7, fig. 1, p. 16, fig. 2; —, Huzioka and Uemura, 1973, p. 706,
pl. 5, fig. 8; —, Huzioka and Uemura, 1974, p. 350, pl. 5, fig. 6; —, Uemura, 1991, p. 21, pl. 3, fig. 1; -, Narita et al.,
2020, p. 275-276,pl. 7, figs. 5-9.

Betula cfr. schmidtii, Suzuki, 1959, p. 32, pl. 2, fig. 1.

Description : Laminae symmetrical, length 8-10 cm, width 57 cm, L:W ratio 1.4-1.6, ovate to elliptic in shape;
apex acute, short acuminate; base obtuse, convex; petiole not preserved; margin serrate; teeth compound, one or two
subsidiary teeth situated on proximal side of principal tooth, one subsidiary tooth present on distal side, secondary or
tertiary vein enter teeth medially; primary tooth flexuous-flexuous; secondary tooth convex or straight, rarely flexuous
on proximal side, straight or convex on distal side; tooth apex acute with short, blunt caudate tip; sinuses angular,
acute; venation pinnate; primary vein thick, straight; secondary veins craspedodromous, thick, straight, subopposite,
> 13 pairs, evenly spaced, diverging from primary vein at ~45°, angle against primary uniform; 1-2 pairs of basal
secondary veins form agrophic veins; tertiary veins distinct, medium in size, opposite-percurrent, convex; quaternary
and quintenary veins thick, irregular reticulate, forming polygonal meshes; areoles well developed; veinlets branch
once to several times.

Remarks : These specimens clearly correspond to those seen in Betula species with craspedodromous secondary
venation and a compound, serrate margin with a short caudate tip. Distinct areoles with branching veinlets are also
seen in this genus (Uemura, 1988). Among the Betula species that have been described from the middle to late

Miocene in Japan, these specimens are most similar to Betula onbaraensis Tanai et Onoe of the late Miocene Onbara
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flora (Tanai and Onoe, 1961) in overall features. Betula onbaraensis has been considered to be related to the extant
Betula grossa Siebold et Zucc., which is native to Honshu, Shikoku, and Kyushu in Japan. The current species has
been recorded among the late Miocene to Pliocene flora of northem Japan and can be considered a common element
of late Miocene forests.

Occurrence and Collection : Kn-1 (NSM PP-12320) and 2 (NSM PP-12296), Konan, Shibetsu (Bifuka

Formation)

Betula protoglobispica Tanai et Onoe
(Plate 9, figs. 1,2,5,7)

Betula protoglobispica Tanai et Onoe, 1961, p. 24, pl. 3, figs. 1, 2; —, Ozaki, 1979, p. 47, pl. 5, fig. 5; —, Uemura,
1986, p. 124, text-fig. 9; —, Narita et al., 2012, fig. 54; -, Narita et al., 2020, p. 276, pl. §, figs. 1-5.

Betula ermanni Okutsu, 1940, p. 158, pl. 11, figs. 1, 2.

Betula globispica Shirai, Okutsu, 1940, p. 159, pl. 10, figs. 1, 2.

Betula protoermanii Endo (nom. nud.), 1955, pl. 28, fig. 3; —, Suzuki, 1959, p. 32, pl. 1, figs. 6-8; —, Tanai, 1961,
p-289,pl. 8, fig. 10; pl. 10, figs. 4, 8; —, Ina, 1974, p. 325, 103, fig. 6.

Description : Laminae symmetrical, length 5-11 cm, width 3.5-8 cm, L:W ratio 1.3—1.4, ovate to elliptic in shape;
apex acute, acuminate; base wide acute, slightly convex with short decurrent base; petiole marginal, stout, 1.8-3.2
cm long; margin doubly serrate; tooth apex acute, blunt, slightly elongated; sinus angular, acute; proximal flank
flexuous, distal flank convex or straight; secondary and tertiary vein enter tooth medially; three teeth occur between
two secondaries, relatively evenly spaced; venation pinnate; primary vein thin, straight; secondary veins
craspedodromous, > 8 pairs, opposite, diverging from primary vein at ~60°, divergence angle larger proximally;
intercostal tertiary veins thin, opposite to alternate percurrent, sinuous or straight, evenly spaced, obtuse to primary,
smaller angle proximally; quaternary veins thick, forming well-developed polygonal meshes; veinlets branch several
times.

Remarks : These specimens were assignable to Betula based on their venation, shape and marginal characteristics,

especially of the caudate tip. Finely branching veinlets in well-developed areoles also conform to this assignment.
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Among Betula species from the middle-late Miocene in Japan, these fossil leaves are most similar to Betula
protoglobispica Tanai et Onoe from the Onbara flora (Tanai and Onoe, 1961), based on their laminar shape, slightly
decurrent base, doubly serrate margin with short caudate tip, and relatively long petiole. Betula protoglobispica has
been recorded among the late Miocene floras of Honshu and Hokkaido in Japan. The current species has a possible
affinity with the extant Betula globispica Shirai or Betula ermanii Cham, both of which are found in mountain and
alpine forests in Japan. However, Betula protoglobispica differs from these modem species of Betula by having a
cuneate base, sharply pointed teeth, and more teeth between the two secondary veins (Uemura, 1988). Considering
the environment of extant Betula globispica, Betula protoglobispica probably was a highland element.

Occurrence and Collection : Kn-1 (NSM PP-12202, 12297, 12298) and 2 (H-202), Konan, Shibetsu (Bifuka

Formation)

Betulaceae genus ef species indeterminate (Alnus or Betula)
(Plate 9, fig. 8)

Betulaceae genus ef species indeterminate, Narita ez al., 2020, p. 276, pl. 6, figs. 6-8.

Description : Staminate aments, cylindrical in shape, ~8 cm long, 1 cm diameter; bracts helically arranged, ~2.0
mm long, ~1.5 mm wide, thomboid or orbicular with round base and short pointed apex; two smaller semicircular
bracteoles situated beside each bract; surface texture of bracts or bracteoles is obscure; male flowers probably were
attached to stalk admedially, number of flowers uncertain, but at least four pairs of pollen sacs situated at medial side
of bract; details of male flowers not observable; peduncle or twig stout, 2.5 mm wide, at least 2.0 cm long.

Remarks : Three isolated staminate aments were recovered from Kn-1. One of them bears male flowers with a few
pollen sacs on the proximal side of the bract. Because of this, it is probable that this ament was in a sexually mature
state. Staminate aments are known in several different families such as Fagaceae (e.g. Quercus, Castanea),
Betulaceae, Salicaceae and Myricaceae. In these families, except for the Betulaceae, each flower is more remotely
attached to a stalk and the male flowers are more obvious, with long filaments when they are mature. Therefore, |
assume that these materials are staminate aments of the Betulaceae family. More well-preserved specimens with

details of male flowers are needed to assign them at generic and specific levels.
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Occurrence and Collection : Kn-1 (NSM PP-12299), Konan, Shibetsu (Bifuka Formation)

Order Malpighiales
Family Salicaceae
Populus balsamoides Goeppert
(Plate 12, fig. 11)
Populus balsamoides, Goeppert 1855, p. 23, pl. 15, figs. 5, 6. ; —, Konno, 1930, pl. 16, fig. 1. ;—, Endo, 1955, pl.
28, fig. 2. ; —, Tanai, 1961, p. 269, pl. 4, figs. 8, 9.

Remarks: These specimens were assignable to genus Populus based on their regularly arranged round teeth on
their margins (i.e. salicoid teeth), straight but gradually sinuous primary vein, and semicraspedodromous secondary
veins. This species can be distinguished from Populus sanzugawensis Huzioka et Uemura due to its triangular to
ovate leaf shape and truncate base. This species was commonly found from Miocene flora in Europe, Shiberia, and
Japan. In Japan, this species commonly found from middle Miocene flora in Hokkaido and Honshu. Tanai (1961)
pointed out that this species is closely related to modem P, nigra L. in Europe and P, tremuloides Michx. In North
America. These leaf fossils were commoly found and co-occurred with Acer subcarpinifolium Tanai in Kawanishi
Formation.

Occurrence and Collection : Kw-1 (H-460), Kawanishi Yonsen river, Bifuka (Kawanishi Formation)

Populus sanzugawaensis Huzioka et Uemura
(Plate 11, fig. 1; Plate 12, fig. 10)
Populus sanzugawaensis Huzioka et Uemura, 1974, p. 345, pl. 2, figs. 2-4; pl. 5, figs. 7-9; —, Uemura, 1991, p.
21, pl. 2, fig. 1;— Ozaki, 1991, p. 140, pl. &, fig. 5; -, Narita et al., 2020, p. 278, pl. 8, figs. 6-8, pl. 9, figs. 1-3.
Description : Laminae symmetrical, length 7-25 cm, width 7-18 cm, L:W ratio 1.0-1.4, elliptic to ovate; apex
acute, nearly straight or acuminate; base obtuse, round or convex, very shallowly cordate, sometimes truncate; petiole
marginal, length > 4.5 cm; margin evenly crenate; teeth distal flank concave or straight, proximal flank convex or

retroflexed; teeth apex round, rarely acutely pointed, sinuses round, acute to obtuse; primary vein enters sinuses;
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venation pinnate; primary vein stout, straight, gradually sinuous, tapering toward apex; secondaries
semicraspedodromous, stout, > 5 subopposite to alternate pairs, most thick basal secondary pair diverging from base
or slightly above base at 45-60° from primary, forming agrophic venations, divergent angle of other pairs generally
different from basal one, either larger or smaller, distance between two secondaries irregular, gently curved, forking
several times toward margin; tertiary veins thin, distinct, irregular reticulate or opposite-percurrent, sinuous, angle
against midvein irregular throughout blade; quaternary and quintenary veins thick, irregular reticulate, forming
polygonal meshes in irregular size; areoles well developed; veinlets normally branched more than twice.

Remarks : These fossil materials resemble that of Popuilus in possessing a pair of thick basal secondary veins rising
slightly above the leaf base and regularly arranged round teeth on their margins (i.e. salicoid teeth). Among the
Populus species described so far, my materials are most similar to Populus sanzugawaensis Huzioka et Uemura in
their wide elliptic shape, round base, semicraspedodromous secondary veins, a few of which, at the base, typically
forked several times toward the margin, although my specimens were about twice larger than the material from
northern Honshu (e.g. Huzioka and Uemura, 1974).

This fossil species probably is related to the extant Populus suaveolens Fisch., which lives in cool temperate to
sub-boreal regions of northeastern Asia. The current species is common among late Miocene floras of northermn Japan,
as Uemura (1988) pointed out.

Occurrence and Collection : Kn-1 and 2 (NSM PP-12303, 12304a), Konan, Shibetsu (Bifuka Formation); Nk-1,

2,4, 5 and 6, Kaminayoro, Shimokawa (Panke Formation)

Salix hokkaidoensis Tanai et N. Suzuki
(Plate 12, fig. 1)
Salix hokkaidoensis, Tanai and N. Suzuki, 1965, p. 9, pl. 15, fig. 6; pl. 16, fig. 7; —, Huzioka and Uemura, 1974, p.
347, pl. 3, fig. 10;—, Ozaki, 1979, p. 43, pl. 2, fig. 2; -, Narita et al., 2020, p. 278, pl. 9, figs. 6-8.
Description : Leaf laminae symmetrical, length 8-9 cm, width 2-2.5 cm, L:W ratio 3.6-4.0, linear-oblong in shape;
apex acute, nearly straight; base obtuse, slightly convex with round or very shallowly cordate end; petiole thick, >2

mm long; leaf margin occasionally serrate with tiny indistinct teeth; teeth widely spaced at intervals of ~4 mm, slightly
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convex on both sides; teeth apices round; tooth major veins not observable; sinuses acute, round; venation pinnate;
primary vein stout, nearly straight, tapering toward apex; secondary veins eucamptodromous, > 8, subopposite to
alterate pairs, irregularly spaced, diverging from primary vein at ~30°, straight near middle, considerably incurved,
slenderly creeping up along margin; one intersecondary vein in each costa, thin, divergent angle slightly larger than
contiguous secondary veins; intercostal tertiary veins indistinct, percurrent, weekly sinuous, oblique to midvein;
higher-order venations not seen.

Remarks : The four leaves recognized in these materials are linear-oblong and sparsely bear salicoid teeth on their
margins. These features are similar to those of Salix hokkaidoensis Tanai et N. Suzuki originally described from the
late Miocene Shanabuchi flora in northem Hokkaido, Japan. This species is considered to be related to extant Salix
koriyanagi Kimura ex Goerz, which is native to Korea and widely cultivated in Japan. This species has been recorded
among the late Miocene—Pliocene flora of Hokkaido and northem and central Honshu in Japan (e.g. Tanai and N.
Suzuki, 1965) and can be regarded as a common element of the Mitoku-type flora.

Occurrence and Collection : Kn-1 (NSM PP-12305) and 2, Konan, Shibetsu (Bifuka Formation)

Salix kitamiensis Tanai et N. Suzuki
(Plate 12, fig. 2)
Salix kitamiensis, Tanai and N. Suzuki, 1965, p.10, pl. 4, fig. 5; pl. 18, fig. 7; —, Narita et al., 2017, fig. 6-6.
Remarks : Some leaves are recognized in the Kaminayoro flora. These leaves slightly resemble to Salix
misaotatewakii Tanai et N. Suzuki, but is separable in number of secondary vein pairs. These leaves have less
secondaries than S. misaotatewakii. S. kitamiensis is first described by Tanai and N. Suzuki (1965), they resemble to
modem S. vulpine Andersson and S. caprea L.

Occurrence and Collection : Nk-1, 3 (NSM PP-12470) and 4, Kaminayoro, Shimokawa (Panke Formation)

Salix misaotatewakii Tanai et N. Suzuki
(Plate 12, figs. 3, 4, 6; Plate 13, figs. 1, 2; Plate 17, fig. 5)
Salix misaotatewakii, Tanai et N. Suzuki, 1965, p. 1011, pl. 2, fig. 6; pl. 4. fig. 2; -, Narita et al., 2020, p. 278, 281,
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pl. 9, figs. 4,5, 9-11.

Salix sp., Narita et al, 2012, fig. 5-6.

Salix sp. 1, Narita et al., 2017, figs. 64, 5.

Description : Leaf laminae slightly asymmetrical, 512 cm long by 2-5 cm wide (i.e. L:W ratio 2.5-4.0:1), narrow
elliptic in shape; apex acute, sinuous, slightly falcate, tip round; base acute, convex; petiole marginal, stout, thick, > 1
cm long; margin nearly entire, occasionally with tiny teeth; distal tooth flank straight; proximal flank straight or
concave; tooth apex acute with globose tip, supplied with secondary veins probably medially; sinuses angular, acute;
venation pinnate; primary vein stout, nearly straight on basal side of laminae, tapering toward apex, slightly sinuous
along apical part of laminae; secondary veins semicraspedodromous, thin, > 7 subopposite to alternate pairs,
irregularly spaced, diverging from primary vein at 30-45°, decurrent at divergence, smoothly curved, slenderly
creeping up along margin, sending off minor secondary or tertiary veins toward margin, rarely connected with upper
secondary vein; 2-3 intersecondary veins in each costa, thin, short, divergent angle against primary vein slightly larger
than contiguous secondary veins; tertiary veins thin, percurrent, straight, evenly spaced, nearly parallel to midvein on
basal part, obtuse on other parts; quaternary and quintenary veins thick, random reticulate or orthogonal, forming
polygonal areoles of irregular size; areoles well developed; veinlet thin, branching several times.

Remarks : These willow specimens are identical to Salix misaotatewakii Tanai et N. Suzuki in leaf shape, features
of the marginal teeth, and venation, especially the divergent angle of the secondary veins. This fossil species was
described from the same fossil assemblage as Salix hokkaidoensis, which was described previously. This species is
distinct from the latter by having a narrow elliptic shape, acute convex base, and nearly entire margin. Salix
misaotatewakii is very similar to the extant Salix gracilistyla Miq., which is common in riparian forests of Japan
(ranging from Hokkaido to Kyushu), Korea and China. This species is common among the late Miocene and
subsequent flora of Hokkaido (e.g. Tanai and N. Suzuki, 1965).

Occurrence and Collection : Kn-1 (NSM PP-12199, 12471) and 2, Konan, Shibetsu (Bifuka Formation); Nk-1

(H-277,278a, NSM PP-12474), 2, 3 (NSM PP-12472) and 5, Kaminayoro, Shimokawa (Panke Formation)
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Salix palaeofittura Narita, A. Yabe, Uemura and Matsumoto
(Plate 11, figs. 2, 3; Plate 17, fig. 6)

Salix palaeofutura, Narita et al., 2020, p. 281, 283, pl. 10, figs. 1-5.

Description : Leaf laminae slightly asymmetrical, length 12-20 cm, width 5.2-6 cm, L:W ratio 2.5-3.0, elliptic to
narrow elliptic or oblong in shape; apex acute, straight; base obtuse to right angled, convex; petiole marginal, long,
thick, <4.2 cm long, ~2.5 mm wide at base; margin serrate to crenate-serrate; teeth irregularly spaced; distal flank of
tooth concave, proximal flank flexuous, rarely straight; tooth apex acute with blunt apex, often with spinose apex;
sinuses round, wide acute; teeth medially supplied by principal vein; venation pinnate; primary vein stout, nearly
straight on basal side of laminae, tapering toward apex; secondary veins semicraspedodromous, thin, arranged in >
14 subopposite to alternate pairs, irregularly spaced, diverging from primary vein constantly at 45-60°, with basal
few pairs decurrent at divergence, smoothly curved, forming a series of loops, sending off branches to marginal teeth;
intersecondary veins thin, diverging at same or slightly larger angles than contiguous secondary veins, smoothly
curved, extending < 50% to margin; tertiary veins thin, distinct, percurrent, sinuous, evenly spaced, obtuse to midvein
uniformly throughout blade; quatemary and quintenary veins thick, orthogonal, forming quadrangular meshes;
areoles well developed; veinlets thin, branching several times.

Remarks : These specimens resemble Salix species with petiolate leaves, elliptic to narrow elliptic or oblong shape,
with acute apexes and obtuse to cuneate bases, crenato-serrate margins, semicraspedodromous secondary veins, and
the presence of intersecondary veins. They have long petioles, irregularly spaced secondary veins arising at wide
acute angles from the primary vein, uniformly oriented percurrent intercostal tertiary veins, and a crenato-serrate
margin. Some of the specimens are very large.

The combination of such characteristics described above is completely unique and differs from that of any species
described from the Cenozoic in Japan. This species bears some similarity to Salix misaotatewakii from the same site
but differs by having a wider divergent angle of the secondary veins, and a crenato-serrate margin with irregularly
spaced spinose teeth. It is also separable from Salix hokkaidoensis and Salix parasachalinensis Tanai et N. Suzuki
due to the overall shape of the lamina. In its overall characteristics this species resembles the modem Salix futura,

which is endemic to hilly or mountainous regions of central Honshu in Japan, but it differs from Sal/ix fistura by having
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a higher number of secondary veins, a crenato-serrate margin and a longer petiole. Salix palacofutura is especially
distinguishable from the modem species by its spinose teeth.

Occurrence and Collection : Kn-1 (NSM PP-12316) and 2 (NSM PP-12315), Konan, Shibetsu (Bifuka

Formation)

Salix parasachalinensis Tanai et N. Suzuki
(Plate 12, fig. 5)

Salix parasachalinensis, Tanai and N. Suzuki, 1965, p. 11, pl. 2, fig. 5; pl. 4, fig. 1, 4a; pl. 15, fig. 1.

Remarks : Well- preserved leaf impression occurred from horizon Nk-1, the Panke Formation. These leaves are
identical to Salix parasachalinensis in its elongate shape, developing of itersecondary veins, diverging angle of
secondary vein from primary vein at an angle of ca. 60°. This species is first described by Tanai and N. Suzuki
(1965). This species shows typical features of willow in all characters as Tanai and N. Suzuki (1965). This species
closely similar to modem S. sachalinensis Fr. Schm. living in riparian areas of Hokkaido and slopes of Honshu and
Shikoku, extending northward into Sakhalin, Kurile, Kamchatka, and Amur regin.

Occurrence and Collection : Nk-1 (H-503), Kaminayoro, Shimokawa (Panke Formation)

Salix sp. 1
(Plate 12, figs. 7, 8)

Salix sp. 2, Narita et al., 2017, fig. 6-7.

Description : stiple, reniform in outline, length 1—2 cm, width 0.5-1.5 cm; margin entire or slightly dentate, teeth
irregularly spaced; venetion percurrent ending into marginal teeth; 3 primary vein stout, secondary vein diverging
irregularly angle.

Remarks : These specimens only occurred from lacustrine deposit in Nk-1 of the Panke Formation. The stiples of
this species resemble at glance those of the modem Salix gracilistyla Miq.. On the other hand, S. misaotatewakii
from same horizon is also resemble to S. gracilistyla, that shows these species are pssibly same species.

Occurrence and Collection : Nk-1 (H-278b, NSM PP-12473), Kaminayoro, Shimokawa (Panke Formation)
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Salix sp. 2
(Plate 13, figs. 3,4)
Salix sp. 3, Narita et al., 2017, fig. 6-8.
Remarks : Some female inflorescense occurred from the horizon Nk-1, 2 of the Panke Formation. From their
outline shape, these specimens probably identical to genus Salix.

Occurrence and Collection : Nk-2 (H-379, NSM PP-12475), Kaminayoro, Shimokawa (Panke Formation)

Salix sp. 3
(Plate 13, fig. 5)
Salix sp. 4, Narita et al., 2017, fig. 6-9.
Remarks : Only two specimens of male inflorescense occurred from the horizon Nk-2 of the Panke Formation.
Both specimens occurred with twigs.

Occurrence and Collection : Nk-2 (H-379, NSM PP-12474), Kaminayoro, Shimokawa (Panke Formation)

Order Sapindales
Family Sapindaceae
Section Lithocarpa Pax
Acer palaeodiabolicum Endo
(Plate 13, fig. 6; Plate 16, figs. 1, 2)

Acer diabolicum, Okutsu, 1940, p. 161, pl. 7, fig. 7.

Acer palaeodiabolicum, Endo, 1950, p. 12; —, Tanai and N. Suzuki, 1965, p. 37, plL. 10, fig. 3; —, Huzioka and
Uemura, 1973, p. 719, pl. 14, figs. 2-6; —, Huzioka and Uemura, 1974, p. 357, pl. 8, fig. 7; —, Tanai, 1983, p. 342, pl.
13, figs. 4, 7.

Remarks : Some leaves and few samaras occurred from the horizon Nk-1 of the Panke Formation. Acer

palaeodiabolicum was first described by Endo (1950) based on a single samara from Miocene of North Korea as A.

118



diabolicum Blume ex K. Koch. 4. palaeodiabolicum is known from the Neogene of Japan and Korea, especially
common from the Upper Miocene and Pliocene of Japan (Tanai, 1983).

Occurrence and Collection : Nk-1 (H-293, 295, D-198), Kaminayoro, Shimokawa (Panke Formation)

Section Palmata Pax
Acer protojaponicum Tanai et Onoe
(Plate 12, fig, 9; Plate 14, fig. 6; Plate 15, figs. 1, 2)

Acer protojaponicum Tanai, 1955, pl. 17, figs. 11, 12; —, Tanai ef Onoe, 1959, p. 281, pl. 6, figs. 5-7; —, Tanai and
Suzuki, 1960, p. 565, pl. 5, fig. 4; pl. 9, figs. 18, 19; —, Narita et al., 2012, fig. 5-1; -, Narita et al., 2020, p. 283, pL. 10,
figs. 6-10.

Remarks : It has many 9-11-lobed leaves with a doubly serrate margin and deeply cordate bases, samaras having
a thick, globose seed, and the samaras diverging 120-180°, which characters are clearly identical to Acer
protojaponicum Tanai et Onoe of Section Palmata Pax. This species was first described from the earliest Miocene
Shichiku flora (Tanai and Onoe, 1959) and has been recorded among early to late Miocene floras in Japan. Acer
protojaponicum is quite similar to the extant Acer japonicum Thunb., which is common in slope forests of Japan,
ranging from Hokkaido to western Honshu.

Occurrence and Collection : Kn-1 and 2 (H-94, NSM PP-12209, 12304b, 12307), Konan, Shibetsu (Bifuka

Formation); Nk-1, 2,4 and 5, Kaminayoro, Shimokawa (Panke Formation)

Section Platanoidea Pax
Acer rotundatum Huzioka
(Plate 14, fig. 1; Plate 17, fig. 7)
Acer rotundaum Huzioka, 1943, p. 129, pl. 24, figs 1-3; pl. 25, fig. 2; -, Narita ef al., 2020, p. 283, 286, pL. 11,
figs. 14.
Description : Leaf lamina symmetrical, palmately 9-lobed, length 515 cm, width 4-22 cm, L:W ratio 0.7-1.25,

oblong to elliptic in shape, shallowly incised; sinuses obtuse, round; apex acute, straight or acuminate; base reflexed,
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lobate; petiole marginal, thick, >2 cm long; margin entire, slightly sinuous; venation palmate, basally actinodromous
with 9 primary veins; primary vein stout, straight; secondary veins thin, > 8 pairs, opposite to subopposite on each
lobe, regularly spaced, diverging from primary vein at ~60°, curving upward toward margin, eucamptodromous,
sometimes becoming brochidodromous distally; intersecondary veins distinct; tertiary veins diverging from
secondary veins at 80—100°, irregularly reticulate; quaternary veins diverging from tertiary veins at nearly right angles,
irregular reticulate; quintenary veins thin, forming quadrangular to polygonal areoles; areoles well developed; veinlets
absent, simple or rarely branching once.

Remarks : Some nine-lobed leaves with mostly entire margins and deeply cordate bases were identical to those of
Acer rotundatum Huzioka in their overall shape, venation, and general lack of freely ending veinlets in well-
developed areolation. The species is clearly a constituent of the section Platanoidea Pax (Tanai, 1978).

This fossil species has been recorded among the early Miocene Aniai-type flora in East Asia and is found
infrequently among the late Miocene—Pliocene Mitoku-type flora in East Asia (Tanai, 1983).
Occurrence and Collection : Kn-1 and 2 (NSM PP-12309), Konan, Shibetsu (Bifuka Formation); Nk-4 and 5,

Kaminayoro, Shimokawa (Panke Formation)

Acer sp. cf. A. rotundatum Huzioka
(Plate 14, fig. 2)

Acer sp. cf. A. rotundatum, Narita et al., 2020, p. 286, pL. 11, fig. 5.

Compare :

Acer rotundatum auct. non Huzioka, Tanai, 1983, p. 329-331, pl. 11, figs. 3, 6.

Description : Samara narrow oblong in general outline, ~27 mm long, 9 mm wide; wing obliquely round at apex,
~19 mm long, outer margin nearly straight, inner margin sinuous, convex apically, straight basally; seed part thin,
square-shaped, ~7 mm long, 6 mm wide, obliquely oriented against wing; contact scar = same width as seed; angle
between contact scar and outer margin of wing ~40°.

Remarks : Some isolated samaras were obtained. They resemble Acer rotundatum Huzioka in having a narrow

oblong outline and a thin, square-shaped seed, as well as in the divergent angle of the wings from the seed body. My
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specimens also resemble the modem Acer pictum Thunb. in those characters. These specimens might be fruits of
Acer rotundatum, leaves of which occurred in the same horizon.
Occurrence and Collection : Kn-1 (NSM PP-12308), Konan, Shibetsu (Bifuka Formation); Nk-1, Kaminayoro,

Shimokawa (Panke Formation)

Section Macrophylla (Polark.) Momotani
Acer sp. cf. A. fatsiaefolium Huzioka
(Plate 14, fig. 5)

Acer sp. cf. A. fatsiaefolium, Narita et al., 2020, p. 286, pl. 11, figs. 6-8.

Compare :

Acer fatsiaefolium Huzioka. 1943, p. 131. pl. 23 fig. 1; —, Tanai and Suzuki, 1963, p. 138; —, Huzioka, 1972, p. 63;
—, Huzioka, 1974, p. 103, pl. 5, fig. 1;— Tanai, 1983, p.344-345, pl. 16, figs. 5, 6., pl. 19, fig.1.

Remarks : Several incomplete specimens with moderately incised, palmately five-lobed leaves were obtained.
They possess an entire margin with characteristic dents, and the three central lobes typically decrease in width basally.
The specimens superficially resemble Acer fatsiaefolium Huzioka (section Macrophylla) and Acer protomiyabei
Endo (section Campestria), both of which have been described from many Miocene fossil sites in Japan and Korea.
Species of these two sections can be distinguished from one another based on veinlet features (Tanai, 1978). For
example, the areoles of Acer fatsiaefolium are less developed than those of Acer protomiyabei, and the freely ending
veinlets of the former divide more than twice, while being either simple or lacking in Acer protomiyabei (Tanai, 1983).
The observed veinlets of my specimen, although not very well preserved, are divided several times. Therefore, I
tentatively note the strong similarity of my specimens to Acer fatsiaefolium, which was originally described from the
early-early Miocene Chianggi flora of South Korea and has been recorded from several localities on the Japanese
Islands (Tanai, 1983). Another fossil species in the same section, Acer honshuense Tanai et Ozaki from the late
Miocene Tatsumitoge flora (Tanai and Ozaki, 1977), differs from the current species due to the presence of more
elongate-pointed dents. This is the youngest fossil of this species yet recorded.

Occurrence and Collection : Kn-1,2 (NSM PP-12310), Konan, Shibetsu (Bifika Formation)
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Section Indivisa Pax
Acer subcarpinifolium Tanai 1983
(Plate 14, figs. 3, 4; Plate 15, figs. 3—7; Plate 16, figs. 3, 4)

Acer pseudocarpinifolium auct. non Endo. N. Suzuki. 1963 (part), p. 689. pl. 3, fig. 3; —, Tanai and Suzuki, 1965,
p-38,pl 11, fig.1.

Acer subcarpinifolium, Tanai, 1983, p. 347-438, pl. 9, fig. 5b; pl. 12, figs. 4-5; pl.13, figs. 3, 8; pl. 14, figs. 1-5;—,
Uemura, 1988, p. 153—154, pl. 4, fig. 10; —, Uemura, 1991, p. 21-22, pl. 1, fig. 6, pl. 3, figs. 4b, c; —, Narita et al.,
2012, figs. 4-2, 3; — Narita et al., 2017, figs. 5-13, 14; -, Narita et al., 2020, p. 286, 288, pl. 12, figs. 1-7.

Description : Leaf lamina symmetrical but sometimes basally asymmetrical, length 10-25 cm, width 5-13 cm,
L:W ratio 1.92-2.0, elliptic to wide elliptic in shape; apex acute, acuminate, rarely with prolonged tip; base obtuse,
round or shallowly cordate; petiole marginal, length> 1 cm; margin serrate, lobe-like; teeth compound, that is, usually
one larger and one smaller tooth situated on proximal side of principal tooth and one smaller tooth on distal side,
closely spaced; distal flank of tooth flexuous; proximal flank flexuous or convex; tooth apex acutely pointed,
secondary or tertiary vein enters teeth slightly basally; sinuses deep, angular, narrow acute; venation pinnate; primary
vein stout, straight or gently curved, gradually tapering toward apex; secondary veins craspedodromous; thick, > 15
pairs, opposite to subopposite, parallel, regularly spaced, diverging from primary vein at ~45° on middle portion; a
basal pair of secondary veins forming simple agrophic veins end in teeth; tertiary veins thin, irregularly percurrent,
originating at right angles on either side of secondary vein, sometimes merging into higher-order reticulum;
quaternary and quintenary veins form polygonal areoles of irregular size; veinlets highly irregular in ramification,
twice to several times branched, with gradually thinning tips.

Samara large, oblanceolate in general outline, 4-16 cm long, 1-5 cm wide; L:W ratio 3.5-4.5; wing round at apex,
outer margin nearly straight, inner margin sinuous, convex apically, straight basally; seed part thick, irregular ellipsoid,
9.6 mm long, 5.0 mm wide; contact scar short, ~2 mm long; divergent angle ~70°.

Remarks : The leaves of this species resemble those of some taxa assigned to the Betulaceae, such as Carpinus and
Ostrya. However, my specimens can be distinguished from these taxa by the following features: (1) a deeply incised
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tooth that often bears subsidiary teeth on either side, resulting in a lobe-like appearance; (2) a pair of slender basal
secondary veins being deriving from the base; and (3) irregularly ramified (twice to several times) veinlets in
rectangular or polygonal areoles. These features are shared by the extant Acer carpinifolium Siebold et Zucc., which
is endemic to Japan. Acer carpinifolium represents a monotypic section of Indivisa Pax. A number of samaras
associated with the leaves of Acer subcarpinifolium are also very similar to those of Acer carpinifolium in their general
shape, seed shape and contact scar feature, although they are at least twice as large as those of the modem species
with regard to average size. The leaves of fossil species can be distinguished from the extant ones by having less
acuminate marginal teeth (Tanai, 1983) and fewer secondary veins. This species has been recorded from several late
Miocene—Pliocene floras of Hokkaido and northern Honshu, Japan (Tanai, 1983; Uemura, 1988), and can be
regarded as an element of the Mitoku-type flora. My materials clearly represent one of the oldest records of this
species and presumably indicate the origin of this section of the genus Acer, which is endemic to Japan.

Recently, leaves from the early Oligocene Kobe Group were reported as Acer sp. cf. A. subcarpinifolium (Yonesaka
and Yamamoto, 2004). They are superficially similar to those of Acer carpinifolium and attach oppositely to the twig,
which clearly indicates their affinity to the genus. Their relationship to this species should be evaluated to understand
the origin of this endemic section in East Asia. Acer subcarpinifolium has often been dominant in riverside deposits
of the Nayoro area (Narita et al., 2017). Such fossil occurrences, together with habitat of the living equivalent of this
species, strongly imply that Acer subcarpinifolium probably was one of the most common elements of riparian and
lowland vegetation during the late middle Miocene—Pliocene.

Occurrence and Collection : Kn-1 (NSM PP-12207, 12208) and 2 (NSM PP-12311, 12312), Konan, Shibetsu
(Bifuka Formation); Nk-1 (H-309, NSM PP-12464b, 12476), 2, 3, 4 (H-80), 5 and 6, Kaminayoro, Shimokawa
(Panke Formation); Kw-1 (H450), Kawanishi, Bifuka (Kawanishi Formation); Onnenai river, Bifuka (Bifuka

Formation)

Section Spicata Pax
Acer subukurundense N. Suzuki
(Plate 13, figs. 9, 10)
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Acer subukurundense, N. Suzuki, 1963, p. 690, pl. 1, fig. 1;—, Tanai and N. Suzuki, 1965, p. 39; —, Huzioka and
Uemura, 1974, p. 354, pl. 8, figs. 4-6; —, Tanai, 1983, p. 311, pl. 4, fig. 2; —, Narita et al., 2017, fig. 5-11.

Description : Leaves usually five lobed, sometimes seven lobed, symmetrical, length 7-10 cm, width 6-7 cm,
L:W ratio 1.2-1.4; base cordate, apex acute; petiole marginal, >2 cm long; margin serrate to lobed; teeth regularly
spaced, distal flank concave to flexuous, proximal flank straight to flexuous; venation palmate, basal
actinodromous; primary vein palmately 5—7 at the base, entering lobe apex; secondary veins distinct more than 4
pairs, regularly spaced, opposite to subopposite, diverging angle from primary vein at an angle of 60-90°, slightly
curving up, entering in theeth apex at marginal side.

Remarks : Only three leaves recognized in the Kaminayoro flora. These specimens identical to Acer
subukurundense in its five to seven lobed leaves, double serrate marginal teeth. This species is rare in occurrence as
Tanai (1983) mentioned. 4. subukurundense is close similar to modem A. ukurundense Trautv. et Mey.

Occurrence and Collection : Nk-1 (H-301, NSM PP-12464b, 12477), Kaminayoro, Shimokawa (Panke

Formation)

Section Rubra Pax
Acer tricuspidatum Bronn
(Plate 13, figs. 7, 8)
Acer tricuspidatum, Bronn, 1838, p. 2, pl, 35, figs. 10a, b; —, Narita et al., 2017, figs. 5-9, 10.
Acer pseudocarpinifolium, Endo, 1950, p. 14, pl. 3, fig. 6.
Acer yabei auct. non Endo, 1950, p. 14, pl. 3, fig. 6.
Acer palaeodiabolicum auct non Endo, N. Suzuki, 1963 (part), p. 687, pl. 2, fig. 2; —, Tanai and N. Suzuki, 1965,
p.37,pl 10, fig. 3.
Remarks : Acer tricuspidatum is first described by Bronn (1838) based on leaves of Europe, which are closely
related to modem A. ruburm L. of eastem North America and A. pycnanthum K. Koch of Japan. Leaves and
samaras are both occurred from the horizon Nk-1, the Panke Formation.

Occurrence and Collection : Nk-1 (NSM PP-12478, 12479), Kaminayoro, Shimokawa (Panke Formation)
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Family Actinidiaceae
Actinidia? sp.
(Plate 16, fig. 5)

Actinidia? sp. Narita et al., 2020, p. 288-289, pl. 12, figs. 11-13.

Description : Only basal part of lamina with a petiole attached to a branch available. Lamina shallowly cordate,
serrate with spiny tooth, flexuous-flexuous in shape; medial vein thick, sending semicraspedodromous secondary
veins; divergent angle of secondary veins at base nearly perpendicular to primary vein, more acute upward, irregularly
arranged; course of secondary veins gently curved, abruptly incurved to form loops, relatively thick minor
secondaries arise toward teeth; thick intersecondary veins short, usually present; petiole very thick, short, ~15 mm
long; tiny circular spots and long spines irregularly distributed on surface of petiole and branch (indicating a pilose
feature).

Remarks : The specimen was very fragmentary but bears several important features for identification. One such
example is the spiny marginal tooth and the presence of long hairs on the petiole and branch. Due to these
characteristics, I tentatively designate it Actinidia sp. The specimen differs from modern species such as Actinidia
polygama (Siebold et Zucc.) Planch. ex Maxim., Actinidia arguta (Siebold et Zucc.) Planch. ex Miq. and Actinidia
rufa (Siebold et Zucc.) Planch. ex Migq. in Japan, by having a relatively short petiole and more conspicuous marginal
teeth.

Occurrence and Collection : Kn-1 (NSM PP-12318) and 2, Konan, Shibetsu (Bifuka Formation)

Order Ericales
Family: Ericaceae
Rhododendron sp.
(Plate 16, figs. 9a, 9b)
Rhododendron sp., Narita et al., 2020, p. 289, pl. 12, figs. 8-10.
Description : Leaf pubescent, bearing ~0.4 mm long hairs throughout; lamina basally asymmetrical, length 15.5
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mm, width 5.6 mm, narrow oblong to narrow elliptic in shape; apex acute, straight, very shortly rounded with
protruding tip (spinose); base obtuse, convex on one side, slightly cordate on other side; petiole short; margin entire;
venation pinnate; primary vein stout, straight; secondary veins brochidodromous, very thin, > 10 alterate pairs; basal
secondary veins situated slightly above leaf base, diverging from primary vein at moderately acute to wide-acute
angle, straight or slightly decurrent at divergence; intercostal tertiary veins probably reticulate; higher-order venation
not observable.

Remarks : This tiny leaf is assigned to Rhododendron based on a combination of features that includes a spinose
apex, entire margin, brochidodromous secondary venation arising slightly above the base, and pubescent surface.

Occurrence and Collection : Kn-1(NSM PP-12488), Konan, Shibetsu (Bifuka Formation)

Order Lamiales
Family Oleaceae
Fraxinus sp.
(Plate 16, fig. 6 ; Platel7, fig. 8)

Fraxinus sp., Narita et al., 2020, p. 289-290, pl. 12, figs. 14-16.

Description : Leaflet lamina basally asymmetrical, length ~10 cm, width 5 cm, oblong in outline; apex missing;
base obtuse, convex or straight; petiolule marginal, length > 3 mm; margin serrate; distal flank of teeth concave,
proximal flank convex, tooth apex acutely pointed, typically incurved; sinuses angular, acute; tooth supplied by
principal vein medially; venation pinnate; primary vein stout, straight and slightly sinuous in middle portion;
secondary veins semicraspedodromous, thick, > 10 pairs, alternate or subopposite, nearly parallel, irregularly spaced,
diverging from primary vein at 60—80°, straight, slightly sinuous, abruptly curving upward near margin to form loops,
sending off thin minor secondary veins to teeth sinuses; tertiary veins thin, irregular reticulate; quaternary veins
medium to thick, irregularly reticulate, forming irregular polygonal meshes with tertiary veins; areoles well
developed; veinlets thin, branching several times.

Remarks : Only two incomplete specimens were obtained from Kn-2. They are basal inequilateral elliptic in shape,
with evenly spaced incurved teeth and having semicraspedodromous secondary veins and well-ramified intercostal
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venation. Based on these features, they clearly resemble Fraxinus species.

Among the Fraxinus species thus far described, my specimens are similar to Fraxinus takaminensis Uemura,
which was described from the late Miocene Takamine flora of northem Honshu in Japan due to their shape and the
features of venation and marginal teeth (Uemura, 1988). However, I hesitate to assign my materials to this taxon,
since I only have fragmentary material without apical halves, and it is difficult to determine its variation.

Occurrence and Collection : Kn-2 (NSM PP-12313), Konan, Shibetsu (Bifuka Formation)

Dicotyledons genus ef species indeterminate
Carpolithes sp. 1
(Plate 16, fig. 7)
Remarks : Only one seed recognized in the Konan flora. It is ill- preserved specimen, but it might be possibly
identical to cone of Picea by its outline.

Occurrence and Collection : Kn-1 (NSM PP-12314), Konan, Shibetsu (Bifuka Formation)

Carpolithes sp. 2
(Plate 16, fig. 8)
Remarks : lll-preserved four fruits from horizon Nk-4 of the Panke Formation. Size of these specimens are 0.5 cm

in length and width.

Occurrence and Collection : Nk<4 (H-354), Kaminayoro, Shimokawa (Panke Formation)
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I 13‘ I 14 4
Plate 1.

1, 2. Equisetum sp. (st); 1, Loc. Kaminayoro, Nk-3, H-475; 2, Loc. Kaminayoro, Nk-3, NSM
PP-12480. 3. Abies protofirma Tanai (os), Loc. Konan, Kn-1, NSM PP-12276. 4. Picea
kaneharai Tanai et Onoe (sd), NSM PP-12277, Loc. Konan, Kn-2. 5-8. Piceasp. 1 (5-6; sd, 7-
8; sh); 5, Loc. Konan, Kn-2, H-125; 6, Loc. Konan, Kn-2, NSM PP-12198; 7, Loc. Konan, Kn-
2, NSM PP-12197; 8, Loc. Konan, Kn-2, NSM PP-12278. 9, 10, 12. Picea sp. 2 (9; sh, 10; If,
12; co); 9, Loc. Kaminayoro, Nk-3, H-468; 10, Loc. Kaminayoro, Nk-3, NSM PP-12460; 12,
Loc. Kaminayoro, Nk-3, NSM PP-12459. 11. Abies sp. (f), Loc. Konan, Kn-1, H-274. 13, 14.
Glyptstrobussp. (13; sh, 14; c0);13, Loc. Ichinohashi-Ninohashi, H-493; 14, Loc. Ichinohashi-

Ninohashi, H-499.
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I 5
Plate 2.
1. Zingiberites sp. (f), Loc. Konan, Kn-1, NSM PP-12210. 2, 3, 5. Bambusioideae genus et
species indeterminate (2, 3; If, 5; rh); 2, Loc. Kaminayoro, Nk-3, H-479; 3, Loc. Kaminayoro,
Nk-3, NSM PP-12461; 5, Loc. Kaminayoro, Nk-3, NSM PP-12462. 4. Cercidiphyllum
crenatum (Unger) Brown (If), Loc. Konan, Kn-1, NSM PP-12205. If; leaf, rh; rhizome. Scale

bars =1 cm.
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Plate 3.

1, 6. Zingiberites sp. (I);1, Loc. Konan, Kn-1, H-501; 6, Loc. Konan, Kn-1, NSM PP-12279.
2-5. Cercidiphyllum crenatum (Unger) Brown (2,5; If, 3,4; fo); 2, Loc. Kaminayoro, Nk-2,
NSM PP-12464 (If); 3, Loc. Kaminayoro, Nk-4, NSM PP-12463; 4, Loc. Kaminayoro, Nk-4,
H-426; 5, Loc. Konan, Kn-1, NSM PP-12280. 1f; leaf, fo; follicle. Scale bars =1 cm.
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Plate 4.

1, 2. Vitis sp. 1 (If);1, Loc. Konan, Kn-1, NSM PP-12281; 2, Loc. Konan, Kn-1, NSM PP-
12282. 8-5. Cladrastis chaneyi Tanai et N. Suzuki (f1); 3, Loc. Kaminayoro, Nk-1, H-355; 4,
Loc. Konan, Kn-1, NSM PP-12206; 5, Loc. Kaminayoro, Nk-1, NSM PP-12465. 1f; leaf, Ifl;
leaflet. Scale bars =1 cm.
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Plate 5.

1. Prunus rubeshibensis Tanai et N. Suzuki. (f), Loc. Kaminayoro, Nk-1, NSM PP-12467.
2, 8. Prunus protossiori Tanai et Onoe. (If); 2, Loc. Kaminayoro, Nk-1, NSM PP-12466; 3,
Loc. Kaminayoro, Nk-1, H-284. 4-6. Sorbus uzenensis Huzioka (4,5; Ift, 6; 1f); 4, Loc. Konan,
Kn-1, NSM PP-12285 (1f1); 5, Loc. Konan, Kn-1, H-170; 6, Loc. Konan, Kn-1, NSM PP-12287.
1f; leaf, Ifl; leaflet. Scale bars =1 cm.

152



Plate 6.

1. Sorbus Ianceolata Tanai et N. Suzuki (Ift), Loc. Konan, Kn-1, NSM PP-12286. 2-6. Fagus
palaegjaponica Tanai et Onoe (f); 2, Loc. Konan, Kn-1, NSM PP-12204; 3, Loc. Konan, Kn-
1, NSM PP-12289; 4, Loc. Konan, Kn-2, H-251; 5, Loc. Konan, Kn-1, NSM PP-12290; 6, Loc.
Kaminayoro, Nk-4, NSM PP-12468. If; leaf, 1ft; leaflet. Scale bars =1 cm.
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Plate 7.

1, 4, Fagus palaegjaponica Tanai et Onoe (If); 1, Loc. Konan, Kn-2, H-186; 4, Kaminayoro,
Nk-6, D-211. 2. Leguminophyllum sp. (If) Loc. Konan, Kn-1, NSM PP-12317. 8. Vitis sp. 2
(1) Loc. Kaminayoro, Nk-1, H-294. 5. Fagussp. cf. F palaeojaponica (cp); Loc. Kaminayoro,
Nk-6, C-114. If; leaf, cp; cupule. Scale bars = 1 cm.
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Plate 8.

1-4. Pterocarya japonica (Tanai) Uemura (1,4; Ift, 2,3; If, 5; sd); 1, Loc. Kaminayoro. Nk-4, H-
425 (1f]); 2, Loc. Konan, Kn-1, NSM PP-12291; 3, Loc. Konan, Kn-1, NSM PP-12201; 4, Loc.
Kaminayoro, Nk-4, NSM PP-12469; 5. Pterocarya sp. (fr), Loc. Konan, Kn-2, NSM PP-
12201. 1f; leaf, 1f]; leaflet, fr; fruit. Scale bars =1 cm.
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Plate 9.

1,2, 5, 7. Betula protoglobispica Tanai et Onoe (If); 1, Loc. Konan, Kn-1, NSM PP-12298; 2,
Loc. Konan, Kn-1, NSM PP-12202; 5, Loc. Konan, Kn-1, NSM PP-12297; 7, Loc. Konan, Kn-
2, H-202. 8, 6. Alnus protohirsuta Endo ex Uemura (If); 3, Loc. Konan, Kn-1, NSM PP- |
12293; 6, Loc. Konan, Kn-1, NSM PP-12292. 4. Alnussp. 1 (f), Loc. Konan, Kn-1, NSM PP-
12294a. 8. Betulaceae genus et species indeterminate (sa), Loc. Konan, Kn-1, NSM PP-

12299. If; leaf, sa; staminate aments. Scale bars =1 cm.
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Plate 10.

1, 4. Alnus protohirsuta Endo ex Uemura (If); 1, Loc. Konan, Kn-1, NSM PP-12295; 4, Loc.
Konan, Kn-1, NSM PP-12302. 2, 3. Alnus migjaponica Tanai (If); 2, Loc. Kaminayoro, Nk-
3, D-67; 3, Loc. Kominayoro, Nk-3', NSM PP-12472. 5, 6. Betula onbaraensis Tanai et Onoe

(19; 5, Loc. Konan, Kn-2, NSM PP-12296; 6, Loc. Konan, Kn-1, NSM PP-12320. If; leaf. Scale
bars =1 cm.
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Plate 11.
1. Populus sanzugawaensis Huzioka et Uemura (f), Loc. Konan, Kn-2, NSM PP-12303. 2,

3. Salix palaeofutula Narita et al(f); 2, Loc. Konan, Kn-1, NSM PP-12316; 3, Loc. Konan,
Kn-2, NSM PP-12315. 4, 5. Alnus protohirsuta Endo ex Uemura (f); 4, Loc. Konan, Kn-1,
NSM PP-12301; 5, Loc. Konan, Kn-2, NSM PP-12203. 1f; leaf. Scale bars =1 cm.
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Plate 12.

1. Salix hokkaidoensis Tanai et Onoe (If), Loc. Konan, Kn-1, NSM PP-12305. 2. Salix
Kitamiensis Tanai et N. Suzuki (If), Loc. Kaminayoro, Nk-3, NSM PP-12470. 3, 4, 6. Salix
misaotatewakii Tanai et N. Suzuki (If); 3, Loc. Kaminayoro, Nk-1, NSM PP-12471; 4, Loc.
Kaminayoro, Nk-1, H-277; 6, Loc. Kaminayoro, Nk-1, H-278a. 5. Salix parasachalinensis
Tanai et N. Suzuki (If), Loc. Kaminayoro, Nk-1, H-503. 7, 8. Salix sp. 1 (spl); 7, Loc.
Kaminayoro, Nk-1, H-278b; 8, Loc. Kaminayoro, Nk-1, NSM PP-12473. 9. Acer
protgjaponicum Tanai et Onoe (sm), Loc. Konan, Kn-2, NSM PP-12304b. 10. Populus
sanzugawaensis Huzioka et Uemura (f), Loc. Konan, Kn-2, NSM PP-12304a. 11. Populus
balsamoides Goeppert (If), Loc. Kawanishi, Kw-1, H-460. If; leaf, spl; stiple, sm; samara.
Scale bars =1 cm.
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Plate 13.

1, 2. Salix misaotatewakii Tanai et N. Suzuki (f); 1, Loc. Konan, Kn-1, NSM PP-12199; 2,
Loc. Kaminayoro, Nk-3, NSM PP-12472. 8, 4. Salix sp. 2 (fmi); 3, Loc. Kaminayoro, Nk-1,
H-379; 4, Loc. Kaminayoro, Nk-1, NSM PP-12475. 5. Salixsp. 8 (mi); Loc. Kaminayoro, Nk-
2, NSM PP-12474. 6. Acer palaeodiabolicum Endo (sm), Loc. Kaminayoro, Nk-1, H-295. 7,
8. Acer tricuspidatum Tanai (7; If, 8; sm); 7, Loc. Kaminayoro, Nk-1, NSM PP-12479; 8, Loc.
Kaminayoro, Nk-1, NSM PP-12478. 9, 10. Acer subukurundense N. Suzuki (If); 9, Loc.
Kaminayoro, Nk-1, H-301; 10, Loc. Kaminayoro, Nk-1, NSM PP-12477. If; leaf, fi; female
inflorescense, mi; male inflorescense, sm; samara. Scale bars =1 cm.
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Plate 14.

1. Acer rotundatum Huzioka (If), Loc. Konan, Kn-2, NSM PP-12309. 2. Acer sp. cf. A.
rotundatum Huzioka (sm), Loc. Konan, Kn-1, NSM PP-12308. 3, 4. Acer subcarpinifolium
Tanai (3; If, 4; sm); 3, Loc. Kaminayoro, Nk-1, NSM PP-12464b; 4, Loc. Kaminayoro, Nk-1,
NSM PP-12476. 5. Acer sp. cf. A fatsiaefolium Huzioka (f), Loc. Konan, Kn-2, NSM PP-
12310. 6. Acer protojaponicum Tanai et Onoe (If), Loc. Konan, Kn-2, H-95 (f). 1f; leaf, sm;

samara. Scale bars =1 c¢m.
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Plate 15.

1, 2. Acer protojaponicum Tanai et Onoe (f); 1, Loc. Konan, Kn-2, NSM PP-12209; 2, Loc.
Konan, Kn-2, H-94. 3-7. Acer subcarpinifolium Tanai (3-5; sm, 6,7; If); 3, Loc. Konan, Nk-1,
NSM PP-12208; 4, Loc. Kawanishi, Kw-1, H-450; 5, Loc. Kaminayoro, Nk-4, H-80; 6, Loc.
Konan, Kn-1, NSM PP-12207; 7, Loc. Kaminayoro, Nk-1, H-309. 1f; leaf, sm; samara. Scale

bars=1cm.
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Plate 16.

1, 2. Acer palaeodiabolicum Endo (1; If, 2; sm); 1, Loc. Kaminayoro, Nk-1, H-293; 2, Loc.
Kaminayoro, Nk-1, D-198. 3, 4. Acer subcarpinifolium subnobilis Tanai (f); 3, Loc. Konan,
Kn-2, NSM PP-12311.4; Loc. Konan, Kn-2, NMS PP-12312. 5. Actinidia sp.(f), Loc. Konan,
Kn-1, NSM PP-12318. 6. Fraxinus sp.(If), Loc. Konan, Kn-1, NSM PP-12313. 7. Carpolites
sp. 1, (sd), Loc. Konan, Kn-2, NSM PP-12314. 8. Carpolitessp. 2, (sd), Loc. Kaminayoro, Nk-
1, H-354. 9. a, b. Rhododendron sp., (If), Loc. Konan, Kn-1, NSM PP-12488; 9b, line drwoing
of 9a. If; leaf, If]; leaflet, sd; seed. Scale bars =1 cm.
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Plate 17.

Photomicrographs of selected species of the Konan Flora. Scale bars equal to 1 cm. 1.
Zingiberites sp., NSM PP-12210. 2. Vitissp. 1, NSM PP-12281. 3. Cladrastis chaneyi Tanai
et N. Suzuki, NSM PP-12283. 4. Betula onbaraensis Tanai et Onoe, NSM PP-12296. 5. Salix
misaotatewakii Tanai et Suzuki, NSM PP-12199. 6. Salix palaeofutura Narita et al, NSM
PP- 12315. 7. Acer rotundatum Huzioka, NSM PP-12309. 8. Fraxinus sp. NSM PP-12313.
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