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Plant macrofossil assemblages since the last glacial maximum from boring core
sediments in Lake Himenuma, Rishiri Island, northernmost Japan
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Abstract We studied plant macrofossil assemblages from a boring core on the southern shore of Lake Himenuma,
Rishiri Island, Hokkaido, northernmost Japan and clarified environmental and vegetation changes in and around
the lake since the last glacial maximum (LGM). Between 16,964 = 48 and 15,917 = 85 yrs BP during the LGM,
Pinus pumila shrubs grew sparsely with Selaginella helvetica on poor soil influenced by volcanic activity under
dry cold climate. The lake began to develop with submerged aquatic plant communities including Characeae,
Isoetes asiatica, and Ranunculus nipponicus var. major. Sorbus and Alnus maximowiczii began to grow in the
Pinus pumila assemblage around the lake up to 14,265 = 44 yrs BP, but afterwards plant remains were not sup-
plied to the boring site, because of lake expansion.

Key words: Last glacial, lake level change, plant macrofossil, Rishiri Island, vegetation change
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Fig. 1 Locality of sampling sites and Lake Himenuma, Rishiri Island, Hokkaido. Dotted lines in A show shorelines during

LGM (based on Japan Association for Quaternary Research, 1987 and Ono & Igarashi, 1991). Plant macrofossil localities in B
are beneath the Nozuka Lava Flow (a) and the Kutsugata Lava Flow (b)(Miura & Takaoka, 1993; Momohara et al., 2011).
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Fig. 2 Geographical profiles and distribution of lake sediment at the southern shore of Lake Himenuma. Columnar section is

based on Kondo et al. (2010a).
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Hedl., £ #¥» x5 Acer mono Maxim. 23EET %, 5
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(Rupr.) Makino et Shibata Z {9, HIHDHK 2 km FEHIC
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NALY O TP LTS, P O R R
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KEREYCA bt sk, WT#EE2> (2010a) 12X -
TRESN 7R =) > 7 a7 (NU-Rs-H1 27) OHEREY
PO L 72, F=V > 7 a7ddHlZ 2009 4 10 Hicik
BRI TIrbin, A=V v 7, #RE»S 2.0 m
IO 126.2 m Hiss (45°13'33"N, 141°14'44"E) T
b5, EHICIZFEA a7 =Lty R 7 7—%H
W, [HE 86 mm, R 1S m a7 R 7= CLiElEdh,
2010a),

KEREYH A 7 HT 0, AR CREY) R DSHER S a7 TR 4.2
m ¥ TORBHZ DWW T T o7, HEPSEE 42 m £TD
JERHIE, HiH 5 0.20 m ¥ TOMEEADIERE +
e, VR 0.2~ 1.65 m OHEET VL, HE 1.65~4.2
m DIV EET 2WHEICRESXTINDG (K35
WEREIED>, 2010a),

REE 0.2 ~1.65 m OFEEES VML, JEE 1 cm AT
DGO R I N %2 &, HE1.2~1.3

m IR R s e T b, BEE 0.2 ~1.65 m
DEEBEI V6, 17 206 24 T 8 ikEI %2 £
L7z,

RIE 1.65 ~ 4.2 m OWEEE L, MIEIXKEE X OREE
DXREDHEE & Z, MRS 2\ LR &
%5, 1.9~2.0 mIZIFEEBRES VN, BE 3.15 ~ 3.20,
3.50 ~3.56, 407 ~41 mIZIFEZ 5 cm DU T Digs
VDN S, ZOMEERED 5 1E 16 SR E ERILL 72 (K
3.

3. DTEROER

a7 EPEIL T LT, RREHERY &AM
IZOWT, WEREDIE— 7V h ) — BB 21T\, = ADSH
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SrpTEsE T AMSYCAERMEE T 72, ZDiFD, KA
YL OB TH S LA =Y DIEDEEHZ D
WT (BR) Su A - 7 RICERHINE 2RI L 72, BECRY:
TAARFRRID & v 7 LR D2EE T % 2010 FD
=R A F VRO &b 7> T *C DHlEZRKIE
LT3, 207k, 0°Ciliz—H -25% & e L THER
ZRH L, SLA - RDHEICE 2 dPCHEARE L
25% 5 IENN B ENK VWD (F1), 2o JPCHHE
DAL EEZ 5ND,

CORER, VEEE 0.2 m Ok e e R T E )
513 2334447 yrs BP, ¥ 0.2 ~ 1.65 m DHEE > L b
oIE, PR 0.35 m T 6294167 yrs BP, % 0.55 m T
8347+64 yrs BP, [ 1.1 m 35 11,966+67 yrs BP @
AMSHCERDEO N (1), 512, FE1.65 ~4.2
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3 AR —Y v 7 a7 NU-Rs-H1 ORRIK E, REUGEVLATGURHRIUEEE (1 ~ 24) & K ORREMLAREAT (HM1 ~ 5),

Fig. 3 Columnar section of the boring core NU-Rs-H1, horizon of plant macrofossil samples (1-24), and plant macrofossil as-

semblage zones(HM1 to 3).

F£3.25 m T 15,917+85 yrs BP, #%EE 4.08 m T 16,946+
61 yrs BP, YEE 4.15 m C 16,964+48 yrs BP &) AMS"C
FERFoN (& 1),

4, KEMEM RO ITAE

R=Yr7a7»o8 0 H L%k 24 3EHZ W T 18R
BHZO & 50 cm’® OHEREY % 0.25 mm H D i T /K P fii B
L7z, fiiD LoD YR EfT 2l U THEL,
Tz 2T, N~y DRIEZ NS LW TEN L 72D
T, bebLHoREOREZMAMEICT 5 7Dl sy
DB E B Z T2y 72120, Jamdd e WEFEED RSP L 72
B CIRERZ R T 720 1 L5l 72, A =Y DEEZF

1 FEA—Y v a7 RS-NU-H1 258547 AMS"C
RT3

Table 1 AMS ages obtained from the core NU-Rs-H1 at
southern shore of Lake Himenuma, Rishiri Island, Hokkaido

Depth Material Measurement  Carbon age o"C
(m) no. (yrs BP) (%0)
0.2 humic soil  MTC-13864 2,334 +47  -25
0.35  humicsoil MTC-13873 6,294 + 67 -25
0.55 charcoal MTC-13866 8,347 + 64 -25
1.1 humic soil  MTC-13867 11,966 = 67  -25
2.3 Pinus leaf ~ PLD-16992 14,265 £ 44 -26.67 £ 0.22
3.25 wood MTC-13886 15,917 =85  -25
4.08 Pinusleaf PLD-16993 16,946 £ 61  -27.31 £0.26
4.15  Pinusleaf PLD-16994 16,964 = 48 -25.39 +0.12

HIAI RIS IS D W CEET 2720, Y7L 87 —F
PR L 72, A=Y DR 7 v LKEKIZ 1T HRITTFR
IS L7 s 2 5 L, JRIEB/KFE T b Y 7 ATl
L7=Db, KTWHEHL, 7V B —IcEHL, ik
YR 2R L 7z,

FEH L 72 b o RE N, TERFREZEZH AT O
BEMPIEEA & I L CTfT oz, B, N =Y DHEIC
I Minaki (1983) #, V' / kX7 5 <3’ Selaginella
helvetica (L.) Link. D1 Minaki (1984) %, t X
2 A= 7 Isoetes asiatica (Makino) Makino O [d % 113
Watanabe et al. (1996) #Z&[HL 72,

& R

1. R=UYTHRDSEL U Y h & ZDERE

BEOR =) v 7 a7 oI 7242 24 3B 6,
B HERE, AN 2 oY, RETREY) 4 S REDSE
HU7 (£2), #EIZY v 7 RO —FE Characeae 2%
GENTOL, YFHYBEAIR=ZFELY /XY
ZRIATDORIFPER L, X I RX= 7 3BEDF
FED S DD > Tl (R, 19415 &H - Hhits,
2004), FEFREV)E, FARREHEEBIONA <, VEREINTER
DFF A= FIBDO—FE Sorbus sp. £ I~ /%, ik
T D34 7€ Ranunculus nipponicus (Makino) Nakai
var. major Hara 2@ 0T/, KICEEH L 7 ba
DIEREZ T %,
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Table 2 Plant macrofossils obtained from the core RS-NU-HT1 at southern shore of Lake Himenuma, Rishiri Island, Hokkaido

Plant macrofossil assemblage zone ~ HMS HM4 HM3 HM2 HM1
Depth from surface (m) 0.4-1.1 1.1-2.25 2.25-2.53 2.8-3.4 3.45-4.2
Taxon Sampleno. 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 S 4 3 2 1
Characeae oospore 230 197 - r - - - <1 2 311 3 5§ S
Isoetes asiatica macrospore -+ + + O 0O OO OO0 0O + 00O OO OO0
Selaginella helvetica macrospore -1 e <. -2 - 4 4 1 .
Pinus pumila leaf . T 1 8 7 1 7 7 7 8 100 73 10
short shoot . . 4 2 - - s 1 - 12
seed . . . 1 1 - 1 3
Alnus maximowiczii fruit . 1 e e
fruiting bract 301 -
Ranunculus nipponicus stone 3 2 16 8

var. major
Sorbus seed

1

Frh DR 50 em® BB 72D D% ;s + 1 1~ 100, O : 100~ 1000, O : 1000 M L=,

Numbers in the table indicates specimen number per 50 cm’ sediment sample, +: 1-100, O : 1001000, © : more than 1000.

>+ 39 ERl Characeae

DR (XK 4-1) 2SPEH L 72, (dHZ R TE S
1 mm, #E% 0.5 mm DI, # 0.1 mm DFFET, 6~
7 KD SE ARDERDE S,

IV /XY ZXAY Selaginella belvetica (L.) Link.

K~ (1X14-2) DSEEH L 7, K135 6 CEES8 0.6
mm DIE, 4 FHT-H365 L o miliii: e 6T
6 3 RDOMERD D 5, KiIIE LB, i
BOEMEZD, M WWIERGERDIE A L T,

FEIc oM 37 9~a7 @i, a7 A¥ 7 V8.
selaginoides (L.) Link, ="/ £ & X 7 S. sibirica (Milde)
Hieron, ©E€4 X7 S. shakotanensis (Franch. ex Takeda)
Miyabe et Kudo, 2 7 = 3/ S. remotifolia (Beauv.)
Spring, LY /X753, 478 tamariscina
(Beauv.) Spring ® 6 fiTH 25 (BH - Hith, 2004), T
5 6fDI L, LRI a &Rk, RIET-2RMHE
WD WEERHLDIE a7 AX T ELY /XTI
Iy THB, KETFRAOBKIE, TV /EEAXTF, &
EART, 77227 TRMERER, 17 TIEAH
HIZe BREERR L 722 (Minaki, 1984), T-IERERIZEL
DBV EEAR Ty AX S ey /X537 D
KIEFRINOEREZ KT 2L, a7 A% T v D21
TR = Ak S FE iR e DIc L, =Y/ exy
72 AT IHMROHIBOIIRTH > 7, REROBENS, P
WK Hbhz Ty /X7 F<aricfflE L,

b X = X=F Isoetes asiatica (Makino) Makino

KT (X 4-3) R L7, KigridflEfcEs
1 mm DRI, 4 FHT-D367 LA ) AhE 152215 T,
UL &AM 3 RDOFERDE S, RIINIZEHR DD

FEHEVEET B,
AARIZOHTEIAZTRBICIEEARAIRA=TEI R T
L. japonica A. Br., ¥+ I X =7 I. sinensis Palmer 23% %,
ZDHL, KIETFERAICEHROEEZFF>DIFEA I A=
3 THY, KEFERuICHHROERZL DI A=F7%
R DR E D DY F I A =T EXFITES (Watanabe

et al., 1996),

INA' XYY Pinus pumila (Pall.) Regel

TR L BIEE (X1 4-4, 5, 6), H+ (M4-7) DPEHIL 72,
B3, BE 0.5~ 1.0 cm DR DEH L 72, SFEEIZIE
1 mm O =BEIECHehld B0, Al o> 2 o
IZE 1 ~ 2 9DRAGD A LT, SHEEDOREMTH X IE =
AT (X 4-4), 2 FORKMNEE ZEARMM, 1 ARDOHEE
REIROBRESASNS (X 4-4, 5), HEEFIZWTIH
PUCALE L T, BIREO 9 BAdliilo 1 AR, 53
AR R T CREMEE 3L TE5 T,
Tl D 2 AR D RHEE (3 53 WA 23 2 B B2 L T
7o (K 4-4, 5), FitdE, EEN2 mm, &3 1 mm oD
MR, Ml M dfo i s h, TEERiCiE S A
DEIEL T (X4-6), FEEITBRCERL, B
# 4 mm OEMY, BEtacd-o7 (K4-7),

FEITI 23 IE = AT 1 ROMEE R TR I N 2842 D
O EENE, < VIEHEEREETH S, ZDEDT, N
A = TIFERMIDS 2 Eo SRR S, o 2 Ao
TR D53 Wi lE R B Ec 829 5, ZauckiL, HU
HAHEE B TH 2 F a v 23 P. koraiensis Sieb. et
Zucc. £ 3372 P. parviflora Sieb. et Zucc. DF AN
F1E»S %Y, BIEEO M Fa ey a2y T
T RCEEMIE SN TR, a3y~ TR
faicBi 9% (Minaki, 1983),
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YN\ /¥ Alnus maximowiczii Callier

RE (K4-8) &HFEBR (K4-9) 2L 72, H3HE
RO TR, SEH 3 mm, IR 2 mm OERFFE, H
HIZ 2 ARDRAIEHED D D, HFBIZHEC 2> T 523, #
3> T ote, REBAIIFMEE TR, @3K4
mm DG T, Hahild S ERED DA WE 1Ty i
Tz, REFEEHELC, Bo3owTwkeEzons
e, Y x 7V HliE Alnus subgen. Alnaster \Z[AE
INb, HAEY  y 7 VilliE 409 b, dbElhisic
bOATBEAY S ¥ 7 A, pendula Matsum. %2, A
DMIZa3 i 54 A 3v > v 7> A. sieboldiana Matsum.
E¥ > v 7> A. firma Sieb. et Zucc. DKL, EHEFRL
EB DIPBINTE 0 LFFEFTZ T, REDMWE T, 1B
DM < NPT, FEEOREX, EAEMEcRED
i<, fEREDSRNZ E0 6 s DR & 1382 2,

FF 7Y RIE Sorbus sp.

i (X14-10) H3EEH L 7o, EI3ERET, M
ESH 4 mm, EF 2 mm OISR T, L
BlUZ 2 MEASES THIEB S S AL R, £z
WIRDIREINN L THTICES,

INA 71 Ranunculus nipponicus (Makino) Nakai var.
major Hara

¥ (K4-11) DSEHL 72, B3RS, 8L S al iy
DS HAREINET, W32 mm, #EY 1 mm, K
AET TNl G EEAGE D, BOTIANCIZEY 0.2 mm DfHE]

B4 HEEF—Y v 7 a7icgEin e KA
b, — 12 refiley, 212
L X7 237 KT, 3 eXIX=F KT,

4-7 A=y (4-5 : BEOREMI, 6 B LRI,
7ifET), 89 Iveny /¥ (8 HiHE, 9
RE@ET), 102 FF A< @, 11: 547
&%, A7 —=0.3 mm (1-5), 1 mm (6-11),

Fig. 4 Plant macrofossils obtained from the bor-
ing core NU-Rs-H1. — 1: Characeae oospore,
2: Selaginella helvetica macrospore, 3: Isoetes
asiatica macrospore, 4-7: Pinus pumila (4-5:
transverse section of a leaf, 6: leaves and a short
shoot, 7: seed), 8-9: Alnus maximowiczii (8:
fruit, 9: fruiting bract), 10: Sorbus sp. seed, 11:
Ranunculus nipponicus var. major stone. Scales
=0.3 mm (1-5), 1 mm (6-11).
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KA RED JEATIC & BRI, Thi
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HM1 % GBI 1~ 5, BHE42~3.45m)

NA Y DYE, Rk, FTBNEET LI L E, KEMY
EHEERVWIE TR oD, N ey Dbz, b
Mokl 4, SIc2y ) e X2 5= DRI FHERL 72,

HM2 & Gkl 6 ~9, % 3.4~ 2.8m)

WKNEI DN HHEDEE, EXIRA=ZFDORMF, &
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DI DO 2 RBICET L %% 5, EXI A=
FORNT- £ w2 7 RO T2 EHT 3,

HM4 & GURH 13 ~21, ¥ 2.25~1.1m)

XS R DOKRMFDEEL, RAWYIDFET L 7 <
%%, B8 ICZY /e X7 7= r ORI THEEND,
AEL16, 20, 21Ice ¥ P 7 RO E T, Wk
20, 21 TIFEREBDIEF IS,

HMS & GUE} 22 ~ 24, 1.1~ 0.4 m)

MEL 23 IceEX S X o nbIhicE TN s M, K
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1. BIRKEREASHOIERE ZOEIOEES

BICIZRAT 211237 DT, (LAREZHER T 2 4H
YR OKREITE, BEDTEIEHLE T 2 MM &, [MHbZ HY
bR ORI S WA 2, HMI FoaRECIZ,
KILEEZ G OHERIIhIcN A =Y B BEENTED, ik
DEARIFELGEEN TV RDLST, 2D ERS, ZOE
DIHERE L 72 et KR FE I O AIIIT S § % 16,964+
48 ~15,917+85 yrs BP £ TORHMRICIE, HIHD D 5 M
IZIEINA =Y DIERMDB G L Tt BEZ SN 5, N A
2 EHICERT ALY ) e X7 e aid, diELA O
FELA LICER T2 TH D, BEE TR~
YOBEADEIES oML, ZDOAMOB 723z =
SRS PEETAERBlERTEEZ NS,

BRI e S B D I e F A AR > & N Y v
NEDEfREDOREICZ>TEY (K 1A, /N - FE,
1991), FIAERBADEHIZ IZANA = 1T TIERL b
LlE, h7<VIE, AN XEEEUEEERAS O L T
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