P oKz Rd (FH, 2016), 7, BE 200
~ 220 cm AhE (TP-3 AT D 6 J&) 13 ZILEE
DFBEDAET 5. T AEARHE 5 cm ARG TR L 72,
3-2-3 HB-3

F=Vv7arik, BazrX#Heys B LE (b
R~TEEES8 cm) Ltaz e T2 T (RE
58 ~391 cm) 2= ns (X8), =E, HE176
~ 184 cm GGlE} 44 ~ 46) DOEERAIIHT 7L /87 — b
ChrE8i4y 0.1 ~ 0.01 mm) < AT &EA T 22 O
MR Z /RS, AR 2K 2RI AE T2y 1/4 ~ 1/8 mm @
ghrcbiosisd (FRH, 2016). iz, &A%
HELEDBLEIHIC 4 cm B F 12 2 cm JETY O
Skl (A3, 2016) D% 4THLL TH 7223,
FEMPREAL TV B 100 ~ 110 cm &3 Hr 5%k}
KOG L T2,

4. Srbihiik

ST D TR, WEHEREER RN DTS 2
w2207k (650 °C, 6 RefmEy) kb, —J
e E R RS 2 S i RV S S P R £
B % o344, eiliiZ 0> (2008) 1 HE U THEMIERIR (R (1
T, EERgfk L WgEL) ZHhE (10 ~ 100 u mEi5y) [F
E L7, F7o, BEERE TR & TR-2 OlFHERTE I
DV TIFEERR AL (W21 1 g 247 ) ORI ERRR AR B
ZEHE (2000) 1THEL TR 7,

5. HREHER

5-1 hiYyHEg A RE 28
5-1-1  lstihig
(1) TR-2

1A SR D 4 D DIEYEREEHICK I s (K
2). DUTMIC S REY)EERR AT ORI 2 5L T,

TR2-14 (b2 SEEE 119 cm) @ 7 7 ¢ (Fan
shaped) TlE X <4 Y JE ¥ £ 7 (Moliniopsis type)
N2z REESCHRINGD, avEY AT
(Phragmites type) 1312 & A RSN, Y48
% 4 7 (Sasa type) \Z XAV IEY A4 7ML, HH
TBCHAMRIC B S 412 DUAME H L 72 e v, AT R
¥ (Short cell) Tlix¥ % (Panicoid), &% > N\l
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(Chloridoid) 237 7 vHBIX = ¥ @& 4 7IIZIERIG
LCmiiEn, vy /7 798 (Festucoid) 25 E
CTHICIE I NG, F B Y 7 ViR O 03,
77 VY YES A TITn L TRIBE NS,

TR2-II 4 (R 120 ~ 210 cm) : 7 7 Y BT,
AVEYA T, JBEHHEEL VWAV L D0,
FIFER LTINS, —J, X AYES A T
TR2- T HARTH S D s RME, Yy Es A 7
VR OIS L Ot S B, A R R R
TR e 7 AN RN L TRt S s h3, el
DORHHEIL TR2-T AR THS 2 ifEv», vy /7
7Y RNL TR oS K, 2 7RI 7 » R
JB% A4 7IHin LT R ctici s g, 7,
U Nk 2 729 3 o I (Phragmites culm)
LHE SN EBEPFRICHE NS,

TR2-II #F (£ 210 ~ 288 cm) : 7 7 ¥ BT
WIS R IE A CH 2. EERIREEE T >
27 RIS ISR S 10528, fIE AR CH B,

TR2-IV 4 (B 288 ~ 297 cm) : 7 7 » BIFETIZ
XRAXIATEYHEY A 7D, FHEIZE R0
sz, EHlagEck > 2 7 2ot
Bcdhzpy, ¥7rbIRIEdEREL TR ng. ik,
ETTE SN IR i g g

LU, SH0Rd e, SR owTER 5,

TR2-1 #7 P % br & 7 7 Y HIBEC, X< AYVESY
A TERp ORI I, —, IVESA
TBFEAEMBEIN W E TR o NS, £
7o, BT MR 7 7 VEIEX v A YIRS A 7
WCHIE LTS N 5723, Z OEBED LE 2GR &
LTX»AYEREZ6NS (s, 2013). L
Do, N CRBEDRFERETALNL L) X
X % FERERESE LT 5 A 2R % & T b R
REZE DR ROT. - MkGE L 72 2 L e s s, —FF
TR2-I T 7 7 VRO X~ Y IEBY A 7D 7
IVOSE THHICEERTH S 28 e aolc i L, Y|y
A TOHE ORI S, 51, av|sy
AT DT T F VBTN TH 2 2 L3R T
Ho, miEEECEaYBEREERECcCH LS
SNSRI S, £, YRS 7
WHIETH DI L, XA VBB EELHBIR L% 2
SNEXERD Y 7 F Ui [HICHERTHS 22590,



B, MAFDERE S N7 120 ~ 210 cm T
NFDOEREDIAD, DO E#HEREDIEL,
RN T OBEE 2N E RS, ool eps, 1
HCIEBREERED © D LD DA 4 B E 5 NLE
ZIRWD b LT, ATVIE TR 55 A FEHEY
B % & TS R R A2 23RO, - ke L 72 2 & 23 HEE
S n, TR2-1 - A ORUE, 114 2 8E L 7 HERG e
D P DOEEE 208 cm 13T ca. 9.8 ka cal BP Td
52 s, seHitt GEEBERNAER 7 —2 (MIS)
1) PIEMEICRIET 2 L EZ2 6%, ZoHT, KiE
M JE AR 2> & R E~NE D B 223, ZO
RAAEZCRIEEE 118 ecm BT ICdh 72 5. 2 DFERUL,
I 143 cm DAEAS ca. 4.3 ka cal BP, % 50 cm
DIER A ca. 0.6 ka cal BP ThH 2 Z Lo L T,
ca. 3.3 ka LiftEI NS (K 3). %k, HHENEFEIVAHE
DRI ST L CTHEEE 159cm 1T D & JeBé skt L
THERZ MG 5. ZOFEREIMEL TRk % & cabka
Es (M3).

Az TR2-N KM RE D 7 > 2 7 779 B3R & ¢
S, 7 7 YRR DA HKcH 5 2
L6, A5V XMl (Pooideae) 23 THEHA
nA FPHEYBE R GOMAEEZ R T, 20 k) RifER
HEAF B Lt ons boTh b, TR2-I D
BRI, W72 B8 L 7 HERSE o 18 E o YR 208 cm
fhETca. 9.8 ka cal BP TH 3 Z Lp 5, ZDEbDH
FEOKIRIHOE & & 2 s s, BIfE, JAERE I X
2 A3 Y TR S NS I OWE T H 5 A,
BOKIAWIBE DU X F 72 W LA B ISR % A
F X F FHRI OO TEE L A 2 BHEY TR
LNLWMHETH-> T LHEES NS, & M TR2-1V i
AR T > 2 RIS T H 5 DI T,
FArR Moy S FALb RO o, 77 BT
bY V| A TS, 2V IA TBRESIND DT,
A F 2V F XHERPMBEAL T THI L XA 2D
A FFHEPIREZ S OREZ R T, o0 k) A i
BEILHACRIGE L T3 vz & 9. TR2-IV MRz
DWTIE, b 2HEREOFEMNEIB SN THRVLD
TWHENZ Z I3V A Rw, #Hilko X9 ic HB-1A &
DX & MIS3 D R[EEMEDE Z 615,

(2) HB-1A
RS 4 Dol 2 BE L2 (K14), M
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T SRR R DR 2 BT

HBIA-I# (MbR~VEE 82 cm) @ 7 7 Y HIRETIX
X2 AXIEY A THES» MG I s, —
Ji, AVESA SIREEAERBE NG, e, W
HIEY A T DO T FERIT . R T,
YN X R v SR TG B
WKL CTRINE NG, —Ji, YOy 7PV
FEI o>,

HBIA-IL 4 (/% 84 ~ 142 cm) : 7 7 Y EECIE
VHIESY A TOER»OMRICEIEI NG, £,
V@Y A 7D 7 F I HBIA-T 472 R THHE©
Hb, —J, IAYEY A T DY 7 F )Lk HBIAL
HHZHARTHS 2255, AR Tl e 7oA
B L - el IRl G, v 2 7 7y
BUIEf et s, 72, Z7BoRHIR&ET
P CHETH B, —H, FERDY 7 F L3 HBIA-T
HICHRTE <, FHEFTETIE L A RIS N,

HBIA-TII 4 (YERE 142 ~ 255 cm) @ 7 7 > RIBE IR
FEA LIS NG, BRIy 7o
YHIMES D DM ICRIb S g, —7, ¥ El%
BoOFER, e/ "B EA EHEB IR,

HBIA-IV # (255 ~336 cm) : 7 7 v HRET
BYYESYA S, X2 AYIES A TSN, R
[FHF T8 Tl 0 > 7 9 )L D3I 0> D B IR &
5N %, MR CIkFAS TRy s i, vy
2 T RO 7 VSR BN,

DU, &0 B, FRUC O W TEATH 5.
%69, HBIA- 14 & U409 b, 1HTIE7 7 v BIRE
TXRAVIEY A THMERD DRI S 1% 23,
AV A TP EA LRI N LI ERHETH
3. ¥, GHEBETXAYREEEIONS X
ERIASHH IR L RIS s (2, 2013).
L7235 T, HBIA T CIRBIEDRFRFETA SN S
L) XYk FEMRER LT 2 A 2 RHEYIEET
RO & 5 R IR AR DSBS - kG L 72 2 &
BHEE I NS, —J7, HBIAIII ¢z 7 7 VD 2
2 AXIEY A T D7 FIVDNE LI TR TH S 21258
WDIZHL, SYIESY A T ORI B X
n, 62, AVB/YA 7D I, L IdR 0D
[HACHAIUIIIECH 2 Z L T H 2. il
JRRETIZ e o NI IR R - TR eI I R



M N3, ZOHBAOEELBHE LTI TED
HCBboTw3 (EilEs», 2013), %7/, v /77
- RpEG IR SN, sy Moy 7L
WHFECTH Z2DIZR L, XA PEIBIHEEZoN
X MDY I FNAZTHACHRTHS I8, & B,
HBIA-II #i 233% € S ML 72 VE B 84 ~ 142 cm @ HB-1A
a7 DT T HANEDBEREIHD L, MY
KT OWEE RN ZRT, ZhonZ s, HBIA
H TR O — R I 22 AL P B R R > & O 1 ib D
MADE L L E ZARLERRID S LT, FVE, A
Fa v > XlikE B E LA 2RHEYRE TR

5 U 2 R R ST - kG L 7 2 & MHEE &
%, HBIA-L - 14 @ REfRIZ, T Ao 11 4F 25 MIS2
BRIRBT2EEZoND L5, RIT5EHIH,
MIS1 ICHE % 5 ThH A5 9. ZOHT, (REREFE ML
S EIREAE~E D 2o 20, ZofitZkiza
TYREE 82 em fHECRE 2. 2 DEMRIL, TRROHERE
M A o & B3 a 7% 98.5 cm DERD ca.
39kacal BPTH2 I 6 MHTL Tca. 3.2ka Lz
% (K5). 7%, PHHEEREREEDOEALICHT LT
J& 126cm fHE TR H3MkGE L CTHEREZ IR 5. C 04
RZEFABEICRD S E ca.5ka &% (M5).

HBIA-II #1122V TR D 5k 2 288 & b
DT 2 TR T TEZ S, BRPEHET 2
RS eEHEN DI, 77 YT YEY A T
D, FrEMEEEETR YT EOY 2PV ERE K
WHT, HBIAT- I E RESERRL L THS, W
WIE 2 & BIEACKRRE Y Tl R v, Eo—
RFINEZ AL A A 9 5 B D T IF N~ D 3 A 0 B2 Ik
D6 D TR OWANS K 0 YV U o B 4 23 )5 HE
BocfimEnsg, Lidio7T, ¥l ids
B S w Lid, WEBEEREEZ SO TV EO
Wi o> C A A DAL % R T %5, £ 72, HBIA-
M#D7 7 YHIBETEI YIRS A4 7 LRI AT
By 47, avEgy4 7oy SF NI THEL, &
5 IR Tl A F 2y F X HB OB TH %
D FY RIS s, FER, v
SANBD Y T FVAE Y r BIFIRRICIR D T, 2D Z
ElE, VHVYREREDA F Y FFHRLANADA
FRHEPICZ L iDL 2R T, ZoX) R
AR FH S LA L E TR N DTH B,
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HBIA-IIL #5 |2 13 HB-1A 2 7 T 137 ~ 146
cm ITAET Bk GO L FEDONED 5 EE 186 cm
DAV v EE EEToOMMIch i), FE 151 cm
Cca. 15ka cal BP, [AEF 164 cm T ca. 16 ka cal
BP B onTw 3, JBRSHKT % % 146 ~ 186
cm OHERTHREZ —E & WAL 2o DfEd S 4MHF L T
5N % HBIA-MI 4 B0 £ D O4FR0UF ca. 18
kaThs (X5). —7, #&bhHDFEMRITOVTIEIRD
I ICHEET 2. £7, K LRGSOV M EOJER (%
J£146 cm) OFERZE Lo X ) ICHHEL TRko B &
ca.ld kaTh s, ZOFEMRELITRKD7ZHEE 126 cm
DA (ca. 5 ka) %5 W#fi L T HBIA-IL &b H D
F B 138 cm) ko 3 L ca.l0.5ka 743 (K
5). L7257, HBIA-MI # DRIz E B & 2 ik
MR (MIS2) o Fh 6%k (MIS1) ¥
VICZ 5, DEDZ s, BIfE, LT LBz
T 2 JREIRE X, MIS2 #2~ MIS1 #JHHIC > CTHligs
s B3 o =i icd h, 4 F 3y FXHES O
A 2FRHEY 213 L A EED e iR A2 L,
JR D FABE Tl 3 3 B0 TR T bh - 7z L HEE
Nz,

RIZ, HBIA-IL 48 & HBIA-IV 4f 13 HB-1A 2
7 CREER DT 2 FEIc 3, 2 2 TIIERYE
DWbHEEIRIE % ety b O O AR TRIRDTRD S5\ v o
T, KELBEEEO R % e 722w, e
DIWADFE DR L 205 DHERE RGN 22 SN2 50T
H i A OFR 2 e AR ETE DSBS e &
EZ2oN 5, ALEEMEREEBL 72 Z 0RO
REAIZ DT, 3 2 YRR AT 2> & I D35e A4 &
NBTHAI D, T, HBIAIIH T A3 A B2
LRBRICA F 3 F XD > 7 9L 3B IRICEE
21T, $VEEEOAF Y FXHEBLIND A F
BHEVIO > 7 F A 3E & A RS S\ 2 L TR
dFens, ZDX) A XFloMRI, &Lk
B~ OB Z R L Twb EwRx 5, RElL
72 & 912 HBIA-IIL 47 BRI MIS2 #2210 wfE§ % &
EZZoh, i, HBIA-NI WHWRE I N/ a 7H 5D
o (PREE 255 cm) X b FALOEEE 269 cm D EAR
Aca. 27 ka cal BP TH %, L7=25->7T, HBIA-II4F
TR MIS2 BB IZIEELEZ E L TLWTH AT,
HiGE L 72 HBIA-III 4 B2 dH o HLC, TR 5 e



13 MIS2 %z L cHlim iy EE~@iasicd b, 45
Y F BN DA FEHEY & 1F & A EfED R
BV L Tz EEZ 65, 2D X9 il d
CH, MIS2 Hiif 3882112 MR BREE DAL E Tl bk
DHERE T 2 IHDOTEEDHIR I N RPLcH -7 2 &
DPHEEE NS, RKICHBIAIVAHIZY Y, 4 FavF
Xfifl, 2eAvEOS SFADPHBICHEEINS 2
ETCREO T s NG, 2D X A 2RI,
BIHICRIG L TWwW 3 EwA X9, FEsRESINL
a 7RO CEEE 269 cm DAEDS ca. 27 ka cal
BPTH Y, £/ I OEEMNIETAT OFREELDH 2
BW BRI A 7 A ot K3 i 415, L
72735 CTHBIA-IVHIZMIS3 IZ)RE T % L £ 2o 5,
5-1-2  BhReg

(1) Tp-2

B2 & 3 D DRHYIEERE AT & B
R AT ORHEE DUTICEE T,

TP2-14F (HhFE~FEEE 60 cm) : 7 7 VEIFECIE Y5
JB5 A 7DMERTH 503, FESY riliEhE)R (Non-Bam-
busoideae) WABtICHIH SN2, F7-, FffLIEEE
(Short cell) TRYV /YA 72T T 35 7 RIDER
mpe, XM, vy RS BRI RES .
TP A B 13 0 30 Ji~ 100 JifE / g, b2F
8T 170 i~ 230 il / g # ¥,

TP2-I1 4F (ZEFE 60 ~ 185 cm) : 7 7 Y HIFETIZH
VIEY A 7, IS r MEHREIEEGE L TR 5523,
Z ORI M 0 TR, SRR T 8 7 B
GBS AT, T 7 7 RIDNRIEE R L TR E
N5, LaL, ZOMHEEIZGD TR, WS
REIEEIX1313 6 A/ g Rl OEMETHER &

TP2-II 4 (PEHE 185 ~ 245 cm) : 7 7 v HIBETIZ

HIES A 7, Iy BR300 b BB IR
INg, EfgE Ty rRlyYyEs A 7, v
RN E SICHB ISR S 5, R EERR R
W TP2-IT 7 & b &<, TRERClE 20 i/ ¢ 28Z 5.

LURC, S OR B, FRICOWTERI TR S,

TP2-1 4713 TP-2 t3E g o 1 Jgic47- 228, 2D
HikomowHEFIIER 7 LEEEZ oD, —IC
BRI OB Z R R CRA 2 LENERT 3
Dlzxf L, WHFRMWAE A T clkEt B otk E B2
(Z3H1E2, 2013). L7=d-o7T, TP2-14rd Bt

wL7e (X6). %
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S ISR RS E 2SOk L 72 2 L 2R T %,
2 ZCHOL L BRI A L, TP2-1 1554 9 | D i
W T FVERTOT, SHEEREMBREEZE L T2
LD ThH-olEEZoNLH, EHICA» Y, JEY T
HRlD > 7 F VSN T 2 AR D 515 2 L9 b,
BEICE D I2N, AAF 7% 84 2R 2355 Y
FAEIC KDDL L) ICh>TELI ERHEES
%, TP2-1irDiIE MIS1 ICBE b 5 2 & I3[ 72
VWS, Z DBIRAENRIZVOEIC B 9 B, AR
BT 7 750 ZALERE oM INTE
57, FLREFERMEGE SN TRV, FHSCRR
B0 EY I IH SRR OEY L RE L TR0
+ EAREFD 2 ) oL w3 2 e (BHIE2
2016), F7z, UHbigE RIS TH B ILHATIE
BR7 LEOARBIRRELA 10 ka K h i v L
(Z3iiE2, 2013) 25, TP2-14#DIAE Y i3 10 ka D
ELEZEZTARGIE RN TH A .

RIAZ, TP2-I1 45 T VLN RS (A 25 B2 3 & TR < #fE
B3 52006, HBICIERICZ LB Zhb 2k B
Bk L7 2 EMEE S NS, 2 & effid

REDEHZIZEA G TR VEBO L OHEREROE
RD—D2ThHho7ce A L), om0 o 3%
Mo s fEmsE 328, £/, Thio TP2-1

IZBb 218t 1o BEBIC AT 28t 2 25, TP2-1
HIXIZEMISZ ICHE T 2 L EZ NS,

B N0 TP2-IIL 45Tk, RHYEEA (A% B 23 TP2-11
HWICHRE WS DD TP2-1H & DS 1K\, 20
T, YHESA F Y F XM O 7OV IR
BitEns, 2ol Enrs, TP2-AHIXETHFIZE
SAEDEEL K %K, YYE, A F 2y F Xk E Rk
& LA 2R % & LBl & iR O BN MEE S
k9. TP2-I#7E, kil k) iczotfEo Lific
AT 28t 2 E06, MIS3ICIRET 2 B2 6N,
(2) TP-3

A2 S b oofEgRAT 2 RE L (K7). &
R ORI DU ISR T

TP3-14 (M~ 80 cm) : 7 7 Y RIEETIZ ¥4
B8 A TDMEBATH B, IS MBI b BRI B
mans, £/, MEREERRCEYYES A 7% E
LT 27 OB R, R, v ) R
bR S, R BRSO D . RV EE G R
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(T 50 7~ 200 JifiE / g, EAEEEC 200 T~
400 il / g 2T,

TP3-I1#f (VEHE 80 ~ 140 cm) : 7 7 Y HBECIEY
FIEY A 7L C, FIES o MRHRIE A 1E 5
Bt L CROH 6N D2, ZOMINBEE IS TRV, 5
MR Clk s r RS Ey 4 7, v 7 7
B E g, L L, ZOBEHEE 6D TELY,
RV AR L 131215 Tl / g R OASAE THERE 5 5.

TP3-III #f (PEJE 140 ~ 190 cm) @ 7 7 Y EETIR
FHIEY A 7, Y BRI O D BRI
IND, IR Ty 7y E S 4 7 HHIE I,
T ) S RIBORHEICRIE S s, MR (A
EJEIZTP2-114F & b & <, 5~ 10 /i) g CHERE 9 5.

TP3-IV 4 (JEFE 190 ~ 260 cm) @ 7 7 ¥ HEECR
FHIEY A THEE LT, IRy WAL IZIE
Wil L CRO 65, Z OB EIZHRS T
HAEEIERECIE Y 7RIS E S 4 7 HNIEEE L T
s, LaLl, ZoBEEE I TR,
PIEERRARTE LS 6 T / g Rl DARAETHERS § 5

TP3-V & (%)E 260 ~ 300 cm) : 7 7 Y AIEECIEY
HIEY A 7, EY MBI O D B ISR &
N5, MR cix s rlyEy 4 7, v 7
JHRIHHE ISR S 5, MY IR R 1% TP2-11,
I, IVAF & D, Bda 20 il / ¢ 22 CHERE 9 5.

PUFC, o, RRUCOWTHEZTARS,
TP3-147, I+, Mt oH#E%IE, THFOm MEBic AT
JEE %GR % RN RHEC REY EERR R IR I B v ¢,
HiEd L7z TP2-145, 114, MIAHFOHERE X {ITw3
L7d3-C, TP3-14F, 114, HIHFo HBREE, BRI
DWTUE, WY 5 TP2 #Hir L AR Z &3 2 &9,
Thbb, TPII4HIVVEE TEAMRER L 355
BG4 %2 78 L MISL (Cfils, TP3-I1 45 1 AR M0 70 il
ABREE 2R L MIS2 Icdw)@, TP3-II 4, ¥4 )@, 4
Fav Xkt e R E LA 2EHEY 2 & DB S 72
MEAEBREZRL MIS3 IRET 52 &2 65,

TP3-IV HHZ D W TSR RS R % S 2383 8D TR &
Lo o BN 2 B HEE SN D, SIS b 518
b BRI D b £V Y 7 5 7Y 3 VNG H
ThHo I EERTLHOMEREEN TS, BT
o> TP3-V 4ifid TP3-IV 4if & b T FERR A% A% E <
HHE, A F IV FXMBOY S FALBHIETH S 2
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&5, TP3-IViFE EICHEI DL C E B WwAED b
ETHHIESLA F 3 F Xk & A 5 A D AT 03
EEN S, TP3-IVHF & TP3-V # AR ¢ 28 I3 A E:
BRRIE 12 X D HEE S 12 %D & MIS4, MIS5a ic
G S 7 (ISP - e, 2014 ; {23 - #%F, 2014),
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Fig. 9. Opal phytolith diagram from the north section of the TR-2 trench, Hiroppara bog
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Fig. 14. Temporal changes of warm index, maximum snow depth, and index gramineous plants since marine isotope stage 3
around the Hiroppara bog (after Sase et al. 2015)
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Palaeo-environmental developments since the marine isotope stage 3 based on
phytolith records from deposits in the Hiroppara bog and soils
at the Hiroppara sites, Nagawa Town, Nagano Prefecture, central Japan

. 1* 2
Takashi Sase ', Mamoru Hosono

In this paper we discuss the palacoenvironmental changes around the Hiroppara bog since the marine isotope stage
(MIS) 3 by employing phytolith records. The bog deposits can be divided into the following three periods from top to
bottom: (1) the mountain bog period (MIS1) composed of the transitional moor sub-period of the upper peat deposit
characterized by the dominant Molinia and the low moor sub-period of the middle peat deposit characterized by the
continuous appearance of Phragmites, (2) the upper sub-alpine or alpine bog period (MIS2) of the lower peat deposit
characterized by the dominant Pooideae, and (3) the sub-alpine pre-bog period (MIS3) characterized by the clear
appearance of Sasa. The soils of the Hiroppara sites are also divided into three periods from top to bottom: (1) the semi-
grassland period (MIS1) of the black soils (kurobokudo layer) dominated by a significant signal of non-Bambusoideae,
(2) the desert period (MIS2) of the middle brown soils with very low abundance of phytoliths, (3) the semi-desert period
(MIS3) of the lower brown soils characterized by the continuous signal of Sasa. It is estimated that the shift from the
upper sub-alpine bog period to the mountain bog period at the Hiroppara bog correlates with the shift from the desert
period to the semi-grassland period at the Hiroppara sites, and those shifts most likely occurred in the early Holocene
period. The Sasa group, in favour of Eusasa during the MIS1, was instead dominated by Crassinodi in MIS3 and MIS2.
Thus, it is estimated that the maximum snow depth of this area was less than 50 cm throughout MIS3 and MIS2.

Keywords: Hiroppara bog; Gramineae flora; Holocene; Kurobokudo layer; the Last Glacial; opal phytolith; Sasa.

1 Boreal Laboratory for Phytolith Resarch
2 Tokyo Natural History Research Structure
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COMEE XOZORICE T 2KEEZ B L, BEOBBGEICOWTHET L7z, HB-1A 2 713497 27.0 ka cal BP %

Tl 2 BT DRSS & 17z,

CDFERD S |, §927.0 ~ 14.0 ka cal BP TIIRVEHERYOSHAT 2 BB TH D, 20

BIBRDHERT T 2 BREE~IR 2 1ICZ{L L, #94.0 ka cal BP 72 2 & HERI) DFAVA A D Zidiayk S iz, —75, TR-2

b L v F-WiE T34 8.0 ka cal BP £ Cilll 2 Hafa it o5 R 035 6 7.

Z DFERD 58 8.0 ~ 4.4 ka cal BP I3 HEY

WY, WHHEEYDS CHAT 2EBREITH o 7. 2Dk, RAICTRSHERTT 2BICZ L L, #94.4 ka cal BP DI

WIXLEE U TR HERT S 2 BRI 2L L 72,

C NS DIKBEIRER D &, RIS TR RS R I~ K £ ol Ze o

PRI OWMADIZ {, A7 L H#7 14.0 ka cal BP £ THEREMI DM AN 7. 9 4.4 ka cal BP DUFRIC (&I b Hyifi
MNCHERS T 2 & 9 % L BRBEIC A L L 72, S 512, 4.0 ka cal BP DU 3B & RO IE DR S e,

F—7— 8 EEIIT, TC - TN b7, HEREBEE, IR, i HA

1. XTI

R APERE O 121F, W DD/ T
JE54 LCB Y, BEEERIEZ DRI DOEED—D
ThD (K1), KEREO MM TR, ZilEmaR
HFEPTHONTE D, [HAHERRA~HESCRHRI AT
TOBBOFEDIRE I N TV B (B LA A
AN, 1993). —75, IREREICE T 2 W HERY
RO TR bh, ISR O E 5 B ks 5
ORI S, T OHISIC BT B SEH IR E DR o il
AEBIRE I N T (I - BEIE, 1993 ; T,
1996). L2 L7ad’s, ORI OEMRAE X
FonTs o9, FEMIERINCIR > 72 A5 FEE O
HBRBAE R IR IR I LTV,

IO &I mmhs, "CHEMRMEMP T 7 7 ENR
CHD LM R BRI OREE, 51k z i
DR EREONBREEITTABHETH S (TEIZ
2>, 2013a, Yoshida et al., 2016b). EERIEm 7 &

DAL F IR HERE Y DA I 1L, TR OB R
ZHatd 2 EoHESInTFiETh S, LI, HElka
FE DB 2 RS A RIEETH 2720, 2D
Frfs S DTGB 2 0T 5 72O ICHETH 5
(Gaiser and Ruhaland, 2010).

Z 2C, KTl AR QTR 2 9 5 7
DI, ZOWMETHEIS L Ly FIgB W TRIE
nEHERY (T332, 2013a) ROA—Y v 7T
WS HB-1A a7 zilkHc L, EEEgiT217- 7.
7, ZOMRERICHKDE, AFEEE X2 D
W BT 2 3 TEMOHERIREE O I0 % A 7.
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EEEOT AT O BRHE A S I B3 WV T Al S 7 R S
3.0mo kL ¥+ (TR2) OF—EERIIZ, £ EH3m
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E137°

Late Quaternary deposits

Rhyolite (Wadatoge Rhyolite)
1.1-0.6Ma (Nagai et al. 2010)

volcanics and Yateikurasawawa

. Andesitic volcanics (Mitsumine
lavas) 1.6—1.3Ma (Mukai et al. 2009)

51

1. MLy Foabatehcid, 5 cm R CEEY D
WL Y2 w72, HB-1A a 7alka 513, K4
~ 8 cm [HbE THERY) Z BRINL, bkl e L7z, &
BHIHZME L 7282, BB IS L, 15% Db AKFEK
% 0.5 ml N2 CHEEMDIIE - P27 -7, %2
D, BERE DS MEAZEERIIL, 7Y FXT 4
TEHOCTZL A7 =M ALL, ERLE TS
7 — L 2SR L, LY 200 ik z
FE - G2 T, EIEEEZ RO, ¥4 777 4
IIFPEHABRIE DY 5% ML Lo RIC O W TR L, HiEdl
Fa 2 Xy Lle, HREoRGE - A:f8ld, F212 Krammer
and Lange- Bertalot (1986, 1988, 1991a, 1991b),
Nagumo (2003), /MkiEA> (2006), FHE- 350 (2014)
DB, B, HB- 1A a7ilblo e & ERIE,
Yoshida et al. (2016b) (2fE - 7=,

3. MHERE DRl

ZZTIETR2 Ly F 6B s BRI O W

THE#BT 2 (TH#IFH, 2013a) (M2). FE 300 ~
289 cm ¥ T, K@anhhrol-BEoRRTH B (¥
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FEMIROHE
FEFH (2013b) ZEIELT.
Fig. 1. Index map
The figures are modified from Chiba et al. (2013b).

3). VEHE 213 ~289 cm % T, HUKLZ% KB H3HE
Bd 2. L<ig, 260 cm Bkl BRI o fass
Edond, HE213~211 cm £T, KOHBH11o
7BEDOWRKRTH S, HE 211 ~209 cm T, Kt
Mo LBAEDY IV FTH S, FE 209 ~ 163 cm
ECKED Do BEADPRKTH D, FE 163 ~
159 cm 2%, MR D KGO D> R PED S5 5,
TEEE 159 ~ 117 cm % TR o 7 R ¢ b
D, 117 ~0 cm F CRIEDTRGEAODJRR & 725,

HB-1A 2 7 O #ERE#)14, Yoshida et al. (2016b) 126¢ -
TEHT 3. BEREOHEEYIFREL 221Ky X
TV %, 376 ~ 188 cm ¥ TlIid & 5 #K
ENB, 188 ~0cm EFTIHEICRKELS LD, BEE
147 ~ 137 e ISP E e 2 (K 4).

4. AEUIIERTR

TR-2 b Ly Filklp 6196 e 7 oW R oilk
ICDWT, BUREREERMED RO 5T 5, DT,
#AEUE 1 IntCall3 (Reimer et al., 2013) oz IE i
FICHED VT 2 0 DAERIF TR S NBRIEERTH
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BP,
BP,
BP,
BP,
BP,

VR 261 ~ 265 cm DR 7,905 ~ 7,860 cal

HIE 214 ~ 209 cm OitkHZ 10,120 ~ 9,695 cal
PRI 173 ~ 176 cm D ikRHE 9,630 ~ 9,525 cal
R 145 ~ 141 cm D FEHE 4,415 ~ 4,240 cal
PR 110 ~ 106 cm D FEHE 1,310 ~ 1,265 cal
YRR 50 ~ 49 cm DitkHE 645 ~ 540 cal BP T
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H2 (THiZH, 2013a),

HB- 1A 2 7k h 513 5 55 oW i o fisci i ik 5
FERHE PG E T3 (Yoshida et al. 2016b),
PUFIC, &BoBIEENR (2 0) 25037, WEI8S
cm DA 133,965~ 3,830 cal BP, 150.5 cm D AH (£
b L IEE) 13 14,910 ~ 14,830 cal BP, 163.5 cm



DAR (FdH L IEE) 13 16,025 ~ 15,690 cal BP,
213.4 cm @ K F 1% 19,490 ~ 19,100 cal BP, 267.8
cm DARF I 27,480 ~ 27,085 cal BP TH 5.

5. TR-2 PL ¥ FIZBIT B
FORH - BB - TC - TN ik 9L & Z DR

TR-2 + L v F OHEREY % FV 7&Kk HE - B - TC -
TN ZHiii B oA OV TR (T34, 2013a) (X
3). VEFERI 300 ~ 290 cm T, HEEEM D S KERIME L,
EENE, £, ZOXETIE TC - TN fEH23 LK
Ve, TEEERY 290 ~ 280 cm 13 & KK AR IIC 1 < X
D, BHEMENT S, —J, ZOXMETIETC - TN {4
B ERT 5. BER 280 ~ 290 cm T EKEHE T
L, BENEFT 2. TC - TN il idfiid Ty, B
#7200 ~ 280 cm 12 1 TEKFIIMR I IC LR L,
BEMER T2, ZoXMIicEF2 TC - TN &P §

. EIER) 180 ~ 150 cm TIZ & /KE & IS L,
BEPHAT 5. TC « TN fHIZIHITHREL» IS 5.
HREERT 150 ~ 0 cm Tl EKED M oD TR, BN
B, F72, ZOXMED TC - TN HIZE L %25,

DX ITEIKE - B - TC - TN DKt 1k, HER
VIOM LRI T 2, Tabb, WBENICTR
ROTEI S, HERET 2 X9 BEEEchHIUE, RRD
AN T D EGREIE L 2 D, fEYE A CHERL
SNDRRHEBEY OB 25, Fh, 2D LK)
RN OJe R SR 2B T H UL, Mk D
HHEEM O EHBBHNIICS L k570, TC TN {E
bEd ks (THEIEH, 2013a).

6. RIS I B EEEITHT ORI & R

6-1 TR-2 b LY F BT BEERSHT

AT OfERD 5, TR2 b L v F MY TIzd
7 EH 25 B A5 FOEENEL L7z, oo R
DY FARY—43Hh 6, THEIED (2013a) 13 ML X
D I~XIV D 14 oA X w2 #E L (K2),
KiwTld T s OFEELA KX 2 DTR2-T ~ IV 7o)
o (BUF, T EMgd) ik Lo, BTG,
BAT OB E T332 0 (2013a) TR SN B EHALA
XA DRI D W TET .,
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6-1-1 DTR2-14F (% 300 ~ 160 cm)

DTR2-141%, HERIWIDWAICHE ) FHPERED IR AL
WO oN2EMIARS I ~IVH (THiZs, 2013a)
Th 5.

Hg b A Xy T4 (PR B 300 ~ 295 cm) @ &K 42
T @ Eunotia paldosa, Pinnularia viridis, Gomphonema
asidoclinatum, Encyonema |@&, Tabellaria flocculosa 73 &
W% PFET %, F 72, Brackysira brebissoni 73FEH T %,
FERGR O RIR B I IR i <, BT 3 S
ZDTEDS, INEREIZEH S Y O
IABDEED R ST EHEZ NG,

BEds A A X I (PR EE 290 cm) = L4713 14 O
FEHEETWEETH 25, %) T Eunotia & &
Pinnularia JEDMET S 5, FERS O RTAIR B 1 H I
, PET 2 D% 0, Z ORI O Tl — K

HNCHER Y DIRAGA B L, AV SHERE 3 2B
HThok LHEE I N5,
Bl A X 4y T4 (3R B 285 cm ~ 165 cm) :
HI A7 147 & W HEEE DY EE O & 4, Eunotia paldosa,

W,

7 |_n

Gomphonema asidoclinatum,
Encyonema J@, Tabellaria flocculosa 75 E 3% L T-, £ 77,
Brackysira brebissoni 73T 2 DBHNLD, HiEE@ D
RAFIRERIZ I, ER T 2 % v, 20
s, ORI IEH RS~ OHERY Dt iA
AHITEFRAL L 7z,

Hg L Xy IV A7 (GREE 160 cm) @ 2 o4ifid 14
DFEHAE & WHEEDSERO 54, Eunotia |&, Pinnularia
ST 5, BRSO PRAAIR AR I3 Ry I, P
M 2%, SO s, WE~OFH?S
DFIVAREITA L, BOEEY IR T 2 BRI
fbL7zeffEsn s,

6-1-2 DTR2-I 4 (L 155 ~ 80cm)

DTR2-Il # &, H# kAKX Ve (T35,
2013a) (MG L, HEEMOWMAPCREBEDHEN L,
B OB T 5,

EEib O X o Vir (BEE155~80cm) @ 2 1
FCROONIMELRESCRLD, BKEHETH 2

Tabellaria flocculosa, Brackysira brebissoni, Eunotia |g&,

Pinnularia viridis,

Achnanthidium minutissimum, A. exiguum 7% EDMNE &AL
ML 25,
7% 8D Eunotia |& & Pinnularia J&D3ME 53 5. HEiERD

—74, Eunotia paldosa, Eunotia serra



REFIRRE I, HEIC v, 2o &, WEAT
D S HEEPI O iduA A RRED 7\, HIRIYIC
o L TR e o 7,

6-1-3 DTR2-II4 (JE 75 ~ 50cm)

DTR2-TI 4713, RS HRH I 1 B89 2 Bk
FXay VI~ X4 (FIEIZ2, 2013a) (LTS, 2
DL, EE NI L 22 SIS S,

HpbalXsy Viar (REE75 cm) @ Z OHF iRl
EEECH B Aulacoseira JEDIFFELINICPEH T 5.
DERFARREIZ LT RV, T 2 &2 o i JE NI
S L <id b L v FEI RIS 81 2 R G20388 0 L
b EHESN S,

EEE (LA X9y VIIAT GFEEE 70 cm) @ 2 O I3FEE
EEWCH B Aulacoseira J& D FEHSEEDSIEINT 2. BEw
D PAFIRRE I IRV BV, 2 ORI I3 E N

SIS U < IE b Lo T ETHL s D 7K A7 235
LEEZOND,

Hp A5y VIITAF (PEBEE 65 cm) @ 2 o4 13 B
LA VIR WIEETH 5, HFGR ORAFIRERIX
R B, L7addo T, B IS L <
IR DR TART Lz LHEES L5,

HwfaXa X4 R 60 cm) @ 2 04 TR
‘LB T & B Eunotia |&, Pinnularia J& %2 Rhopalodi
acuminata D3N 3 5. F 72, BE A EE ¥ Hantzschia
amphioxys DEENSBAIEDMED TN T 5. Hagm DR fr
REEFIEIIC R, 202 26, WIS ST
Bab L <UE b L v TR EIB R DRI L 7z,

FEB AR X4 (B 55 ~ 50 cm) : ylei i
T % Aulacoseira Jg, JKAEWETdH % Eunotia paldosa
7 & O Eunotia &
acuminata MBS 3 5. & {12, Aulacoseira J& D e HAA
JEIEANCE— 7 L b, BRSO RTFIRE 13 iy
KR, Mol s, WEIGEELD L <K
WEAL T EHEESI NS,

6-1-4 DTR2-1V 4f (%K 45~ 0 cm)

DTR2-L 47 & 1 & JRAR DS I 8509 2 Hagedl
AKX XTI~ XIV (T3, 2013a) % DTR2-1V 47
EL7 COWHNCIZMEIIZED LS h L v 7 i
HIM L DKL DA L 7z LHEE S L5,

Hma X o XIHF (%45 ~ 20 cm) @ 2 OHT
REAHE T H B Eunotia |&, Pinnularia J&%X° Rhopalodi

Hegig

& Pinnularia viridis, Rhopalodia
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acuminata D3EN T 5. F7-, BEAHEEOEHSEE S R
mu, HEEROMRFFHENICR Y, 202 Ehs,
C DRI DOWFIFHZEE S L <1 b L v FHREB R DK
LA L 7z,

A X sy XA (P 20 ~ 10 cm) © {7 EE
BT H D Aulacoseira JEDEEHBEE XA L, RAEER
T & % Eunotia J&, Pinnularia J& X° Rhopalodi acuminata
PEGT S, 74, BAEREROEINEE ML,
R DR NS R, 2o ERs, IR E

HACHZEES L U b U v F I D KA A3 L e
cEEI NS,

Hag b Xy XIL A7 (REE S cm) @ 2 0HF Tl ke
FEEEOEHHENMET 35, FAHEROMREIRER
FEBIIC B, L7eddo T, BRSNS (25 2 L
25, ZORMOIEIIEZERES U ik b v v F i
KDDL L 72,

Hpba X5y XIVAF (0 cm) © /Bl H
% Aulacoseira Jg, JKAEEEETH % Eunotia paldosa 7 £
@D Eunotia J& & Pinnularia viridis, Rhopalodia acuminata
PEHT 5, HERORFIRHRNRE Y, ZoRilic
55 LKA OHBIT 2 X9k D, kD
L b L v F R ORISR L 72 b D & & 2
5%,

6-2 HB-1A a2 7IcBV) 2T
M OREE, HB-1A a7 Tizd i L b 258

56 FEDHREAEI L7, &512, 77 A8 —7rhric &
H DHB-1 ~ IV ® 4 Dot atiic X L (K4).
DI, S DR L iR 217,

DHB-1 4 (7% /% 376 ~ 130 cm) @ K% <13 K&
T @ Eunotia paldosa, Pinnularia viridis, Gomphonema
asidoclinatum, Encyonema J&, Tabellaria flocculosa 7% &

%9 5. Achnanthidium sp.1, A. sp.2, Brackysira
brebissoni 75 £ b PEHY %, B8 ORI HLEY 12
<, BT 2 BRIL W Lo, 06 ZHEED
HENRI > RAGHETH L., Thbb, ZORY
DM TIEE P & HEREY DSIA VA T BB 72 - 72 L it
TIN5,

DHB-11#f (130 ~ 50 cm) : & D¢l Eunotia |,
Pinnularia JED3MEN T 5. A.
Sp.2, Brackysira brebissoni 72 £33 E A EBEH L 72 7

—J5, Achnanthidium sp.1,



%, HPEGRORAREBIZ IR Y, ToZ Enb,
Z DI DWE~DOHEREY O AT L, TYLERE
DIUERE§ B BB AL L 72,

DHB-IIT 47 (£ 50 ~ 20 cm) : Z D4 Tld DHB-I
EROEHEEDED 6N, Eunotia @»MEST 5, £,
Pinnularia J& DSEEEDED T L, Aulacoseira |&71H5%
FET 5. HREERORFIIHENICR Y, sl
26, ORI OMEMELS U CIFRE OKAH
bALZEEZONS,

DHB-IV 4 (JRJZ 20 ~ 0 cm) : Z D47 Tl ik
M D Aulacoseira B35 L, [EAHFEED Eunotia &,
Pinnularia J&=° Rhopalodi acuminata 7385 %, HEEaRk
DERIFIRIEIZ IS R, DR 2 &6, @Y
L e DK Iz D3 L7z EHEE S 5,

7. BERIR DR

T412%> (2013a, b) TlE, TR2 FL v FiTBT
LR O 2D &, IRl A AN 1Y 22 il
DIREEE LT, ARz ZRLomEL LT,
F R DIRFEEE & R O BN % IR A D © O HEREY)
DWADHZE LT, WENDEHEREIC DWW THEL
72 (K2, 3). Z#ucktud, 9 8,000 fERiE £ T
VI PH 2 & HERE I 3%  TRAVA T BREE T dh - 7z,
Z D%, RV DIAIZIA S 5 53, 8,000 HHT~ 4,000
AERTE OIS ORI L 72,

4,000 FEHTLAREIC A2 2 &, HEREMIOIEAIZ E 51K
DU, B L THIED KT 2 kb O HEREBRBE D K
Iz, 1,300 LERTLAREICIE, J0J5 N I3 8R]  §E
LB 2 RO EB 2K DR L, BfET
I ISR DIRFE I D E BB DS IR S 1L L
b5,

IS OHEEEOEE L, AFREOSHRIZE
J2HEROBIRE D K KT 2, 7, GAED
HRENMY, TC TN oZfk e bFfINTh 5. &I,
8,000 4E i £ T TC, TN O fii iF 1T\, F 7=,
FURZHEREY) OB LAY IR, BEEEREE D & fEE X
NIHERI DY RAVA LB 2 328§ 5. —77, 4,000
ERIDARRIC 72 % &, AR 0 HE R 13— O Fli gk
ERTIEOBEL RS, DI LI3Z DD HkE
RO HEE SN B WEDTEINH E PG L v (X 3).
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HB-1A 2 7 O i Ri%, A 7% < & il 27,000
EHTLIRE DO HERTBREE DA B AR L T3 (X4), H
MR LMD OEM > S, DR E b 27,000 ~
14,000 4EHTEE £ I, P D © Bk o a2
WALHERIREE Ch > 72 L HEE Sz (DHB- 14#5).
DHB- I #f OB 13 DTR2- T H DRI & K<
BT 279, FRICEFE? S OBV OTRAIIL XD
BRI ETHL EEZLNS, LorL, 06
R OJEE, EHOREBLERIE R Bz,
EERICHHT 2 2 L IdTE v,

HB-1A a2 7 Of5H2 5, 14,000 £ DU O HEREERES
IFREML, RAWCRKRBEBPIERIN LI ko722
EMWREI NS, 4,000 FFEETLIEEICIE, LE L TIRKD
BT 2RI L L - bD EEZSND

HB-1A a 73kh & #EE S 3 R ASE 1, TR-2
FL Y FOHEROITOMSR AN TH S (DHB- 1I
Hi~IVHF & DTR2- IIH~IVAF) . &<z, sEditics
BB EOLMIIR —HT 2 (KM2~4). %
7z, HB-1A a 71281} 2 {6k M Of5 % (Yoshida et
al., 2016b) & ORIGEIRY 5, HEREYI O FA DA
L, BREPZEL TERENEDEY Y H—=F) 7
Z (YD ; 12.4-11.7ka cal BP ; Stuiver and Grootes,
2000) Mk EEZ 6N (M4 HErbr<ld DHB-
[ & NWOER, {EHahi<id HR-3 & 4570 5iRIC
M9 2). Thbbt, BEFRLOFMMEILENIC
o kIickshe (FHIZA, 2016a), W5 EFE
5 DHEREYI DA L 72, 2 OIRFE 0 BRiEZ
fLichbe T, HEMEERINEL 2REICAT T 2RA
HEDP SMIENZFICET T HHENELL 2D D
tEzZons (X4).

Fifa
KB T 212 H 72D, FPWKRFOTLE FiEt
IIZEEE S ITIC O WT S HuR ZH 7, 72, BAK

FEWWAMR LY Y —DRY v 7 DEZ AITIIREL 75
THEE LT, R IE TR 22 ~ 27 45 SR
PRI RIS T S T R S 4% 3 (S1101020,
WIS /NI ) OB IC X > TSIk,

51HCHR

THE 5 ROCER - TUHEE—RR - NP B 2013a
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T BRI ZSE & 1R - AR ) ) TR B & A K
3:21-29.
THE 4% RIPMESL - NP B 2013b ToEBritic sy

% IRERE IR DI BOERE & RUBIHERTIRA A X > b
FHASE VIR 2 2 520431 42-43(0-20), 3AHT,
THE 4 IR 2014 TEIBTRERIRE O PG &
7, TDiatomy 30 : 17-30.
Gaiser, E. and Ruhaland, K. 2010 Diatom as indicaters of
environmental change in wetlands and peatlands. The

Diatoms: Application for the Environmental and Earth

Sciences, pp.473-496., Cambridge Univ. Press.
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Investigating sedimentary environmental changes of the Hiroppara bog
by looking at diatom assemblages since the Last Glacial period

AKihiro Yoshida "

This paper reports on the formational processes of peat bog and palaco-environmental changes since the Last Glacial
period at the Hiroppara bog as gleaned through diatom analysis and radiocarbon dating in the HB-1A core and TR-2
trench samples. Mixed diatom assemblages of allochthonous diatoms formed together in the HB-1A site, near the site
TR-2, during ca. 27 - 14 ka cal BP, while the ratio of allochthonous diatoms decreased gradually at ca. 14 - 4 ka cal
BP. Moreover, TC and TN ratios of depositional environment are extremely low, and similar mixed assemblages were
formed at TR-2 site during ca. 8 - 4 ka cal BP. These data suggest that the site was an unstable depositional environment
during the period from the Last Glacial Maximum to the Last Termination, and gradually changed to more stable
environmental conditions at ca. 14 - 4 ka cal BP. On the other hand, the diatoms growing in a peat bog also increased
in both sites, and TC and TN ratios increased in the TR-2 site after ca. 4 ka cal BP. This evidence indicates that the area
changed from an unstable to a stable depositional environment such as that of a peat bog.

Keywords: diatom analysis; TC/TN analysis; sedimentary environment; Hiroppara bog; central Japan.

1 Faculty of Law, Economics and Humanities, Kagoshima University
* Corresponding author: Akihiro Yoshida (yoshy.akitan@gmail.com)

301






VI t b-&HEEESRO NG






S RINARTYAV P e Sl 2
B 3 JIAERIDRBILE & XL )

i

woE

Kiclx, BRWRIAFEEOHERIC BT 2 H— N ERE F V2, EHob & MBI, HEITo&L
BT =406, ZOWEEZOMIICE 2% 3 TTHEMOREZE L SRS % i L 7. £930.0 ~ 17.0 ka cal BP
U3, A O a5 X 0, BE IS @O AR BI2NAD > T, ZORPKBRICE T 20h
Fliey V777 avickh, BENTIEIWEESHERT 2 £ b, A FaVFFMBOEREZ->Twiz, §17 ka cal
BP 213, WokIoMmELic kD, FRRAS RT3 & & bic, BERIICIEA N7 X8 & SIS ES o R D35y
T2k kho7, Ol EHFMUISEY, GEYPNRENICHER T2 X5 Icko7%, I 11.2kacal BPIZk3 L
B 2B R VE L, WEFAICIE a2 > 7 e % Tk & 9 2 FEERERR B - 7. 2 ORI S IEE LD 5
DFWFAZIA L, RN TR LENRRRGRPIIR L7z, 7, 4 F3 Y F MR 2 < &P ROEFE NI
BT 2 X920k, $13.0~0.7ka cal BP TIRAF®Y AR, 7 eEOMRHHESIESSRINT 2 £ &b, 1kH
DI EL B X ) IS o7, £90.7 ka cal BP BIICIE, FRMMRERIC X 2 7 4 < ZRMOIERICEEY, RN~ 1/
FEADAEL, W IR 28 L L 72, AD1918 4EIC I IRFE A TR AR A 7 < ik fTbhk, 2ok i,
W2 3 TEM DA Z O DO R8I, [HEHFRMEOSREIIC L > TRESE LI b ot, 20

UL/

SRBUZSEE, I B U % SR RO ABUSENIC R & B2 SIS L WD D %

FoU— PR

1. IC®IZ

Mt b —&RBREIR O JE 28 12 55 < SRR
HREOME e 7ay =27 F (UUF,TAZmrY 27 by
LA ) TIE, JABEGENE Z OMEPMCEEET 5 IR
JEIR R DOHEREY) % Fl T, U B B AE A o fE Ry
G307, REVIEERR IR ST, BRI TR L 72, 2T,
JA SRR ¢l 5 3 T AERI OHEREI IC D W TR INE
ST bN, JREEEE LI B % R E &
T2 2 EDMRIC R oz, — 0, IBEOREF O v — A,
JEREIcZ L, RN AR GRS 5 Sh T
7o, 20X MR TR, EHMba R LA O
FRRBEDSE <, TR R SR AR ARHNE 0 BURHZ I3 AN 1) &
THH, TRTCOME - 2IT) T ERTE L o7k,

ZEE, SZEEy, AR rdT, BORIBOIHT, BT, EHA

Z 20, KT BREEITIC B JE - s
fibt, ORI EREI DR & hurz 5 IR O HER
PN BT B EUE - HFER» 6, RFERE L 208
VN2 BT 5i8E 3 MO REIZHE &SRO
THEHET 5,

2. MBSO IHTTIEICE T B INZERIN 7
IIRRED 725

JAFIRIE T, JEMHT & R ERRE (R o bT, By
Wiz & 2 BRSO T b, o X 9 12 &0 8 H
54 mikima B S N (G5, 2016 ; &HIZED,
2016a ; feiffi - M¥F, 2016). —Ji, T4 5 DI
HEiE, BLAPZ DR - HEDER (¥ 74/ 2—)

1 B ERSE AR
EHLEE - HHWEA (yoshy.akitan@gmail.com)
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IZ& o, BHILTE 2 EREICRGH - 2200 2 5y iR HE 53
Wix % (HARSEDURL ESHE, 1993 5 i, 2000 7 &),
Thbt, ZoOHIRICE) 2 RELELRRET %%
WY AHNC, MBI SRR E AT R ML C
BABENH 2.

— iz, FER AT & R EERB (R AT IS, R o R
B LTHY NS, 2200 EOERR
LRI, ROXIcxoond, {EHohE, B
FITHE D> & BiAr & TR, HERE L 22 fEWMLin &2 v %
720, HNCIASN e Z KL TWw3, 2o
EDn, MM oS, AR ABEEH O
e L CHBREEILCACHY s TwS, —J, ¥
TR S EEBIR DM IR I 5 9 2 S BIc D W T,
BAHFIC—EDR—AT—FICHIEL, {EHEERD
M TR, 20 k9 RACHEEEORVAEY) - fid:
IZOWTIE, (BT ORI SHEH 2 2 L I3EEL
v,

RVEERIA DI L, £ 2R Y ) Iy RR Lo
HFEERY O MBEN CRfS b L 72> ) A (v EERE
) VA, 2V A EHIEE ORI > TR
LT 270, ZDOBENZRHED S RL L EERY)
ZM T ERTRETH D, Lo L, WYEHREZE
AR HEYE, BT IERY R & OREDORIYICIR S
N5, i, WEOEROTAIC X > TIHIREOREN
HLL B R 2720, 120METHEEL RIBEDOHE
PIEERRIADME S 1L B, 2o REYIEERE IR O g 0 4 i
PIZOWTIEREICE K ORHLHEPERI T 0B,
S 50, THYEERR R I IREVIRDIRBE L, Z DIEADI -
OB ZES 2 L THEDICIDIAE NG, 2o
L, RAIEERB R BT O RS RN R Y 2 - SEAE )
D7u—7 (VM) 2KBIT22L28%T 5. 5
M 72 Rl AR V3T O HERE Y, KEBREE e E OBk & e B
WD EEZZT T3, Thbb, WHYWHEBERAEIH
DFERIE, NI 25 RAE 2 KL Tw5 L
E=ARL 1Y

ROt WM BB R T 2 2 D DR B

WROIVHE - MG 2RI LT, HEYICE 0 5 Bl
FOMEETH. LIS, HEEIZWAK~AE TAL

DL TEY, KEA A viES (pH; potential hydro-
gen) 12Xk W AEBENENT S, 2070, HEIHO
FESE, KERBIOHERBREE O REL E L OFBRBES I T
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IS Hw s Twa, —7), HEMO% 3K EEY
Thh (BEESLH B, Aiftic X b Btk R
MRS NS EEE L B 5. B2, IREREICE Y
TH AR SWRN~NDO TR A L & bic, i
PEDHEMERASTA L 72 2 E DRI TV 3 (FH,
2016),

DX H)ITHEEST O ITEICE, LA ZD
TERL - HERDBRRIC X > TRATE BT H 5. F79ht
TEIL L > THEILTE 2B T, ZORED
AR - RN AR HEESRZ S, 22T, KTl
BB % o NI B ORRZ LT O X 9 I fig
WS 2. IO TR E & RS, #okr
BATHT IR I B 2 LK OB % R THREE &
Lz, 7ok, BMELEDOEITICIIERDIIED X 9 1T
RN 72 8 B3R 2 JE IS U 72 R AE M R 72 ¢ 7 <,
ARSI & FERRMIR % [X 53§ % 72 o I mARAE K o 4T [
& (PARt, grains/cm®/year) & 27 (Yoshida et
al. 2016b). HEVIEEREIRII AT OGRS, R E IS E
\F 2 HFIERY O ZSE, FEERTHTISKBRES & HER BRI
BRTIRELE LW,

3. IBkek E ZDRBAICET S
L 3 TR DRBILIE & AU AB)

M1z, JAFEREO HB-1A a2 72 81) 5 HERE ST
DESH - WERERZELOEbDERT, ThoD
FEiR A IS LT, #E 3 MO ARG BT
2 R BIEBORAK ZER L2 (K2), HERFERICD
T lE, Yoshida et al. (2016b) @ Age-depth € 5L
e THRIBL, 2 oMl ZE 5 L THEaITiE RO
HEREHEE L7z, P TIE, 6 DRI, SR
B B IAFRIE & 2 ORGAD FHIAE L AL E %

M5,

31 IRFOKINEHIN I B 2 SldF o 8L (8
30.0~17.0 ka cal BP)

#30.0 ~ 17.0 ka cal BP 1%, {6k b1kl <l
HR-1 4 & HR-2 i ic &b 72 b, WS P g 3248 &
AN XA TREO T o s (EHHIER,
2016a ; Yoshida et al, 2016b). —J7, PARt fitil& B
ZEZ LS THS Z &6, JREE R IERNE T
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boltEzizons, LiBoT, ZORHIZEITS
JA DS B Tk, e OK TR AEIH (LGM, 9 23.0
~ 19.0 ka cal BP; Clark and Mix, 2002) ®©%E%1{kic
Mo THRMIBFEDMETNLTE D, a7 AX 7V 2RS
Bie EOEILTEE, NA 2 VEARK» SRS NS E
A ORHA R BIDNAD > Tz,

Z ORI B 1T 2 YEERR AT ORISR T, @il
WO 54 F 3y FXliftoMt S, WERNIC
A F 3y F Xk E FRE LA 2R DIA D 5
TwhkeEzons (F- My, 2016), —7,
oK clREEoHEE AR S, ZORHoO
JRJER R CRIALE R MR Ch - 2 LRI L
%, £, SORSHIZ BT 2 REREOHEREY %2 2 5 L
WiE L EE» oSN TE Y, WEOMED»S 2
O IR EHERI E - iGN T EFEIo NS
(#H, 2016). —fkic, MEEEHERYIZAMIC L > T
BIHRIGEB I N EIRE NS, Lo Liadds, 2
DI BT e A D& A RIZ I E <, Rl
FHIZES T EHEBEL A2 EZR LTS, &
U, FRMBRA 2B Z 72 @L<k, FOKRBREE O T
CHUER OHRSRE E BIC LD, AR L o4
BENELZ (YU 7727y ay) UNEMIFIEER,
2005). L7»->7T, £30.0 ~17.0 ka cal BP ®JLJ5
MR Z DAL, FKIEREL T IC B W TOEFE Y Y
777y avPRl, MEEEHEREYHEARE D> S i
JEN &S S T ATEEE DS O,

3-2 AR O 5 & RN D LA (R

17.0 ~ 11.2 ka cal BP)

W HTOfERD 5, #17.0 ka cal BP PU&I2 % %
& PARtfEDSEHEZ R[RI %, U s OKIgIAE I 2344
EL, @S mBREA BT T 2T, PiEsEno
BREADB LA LD EEZ NS, T4hbb, Z
DAY & MRS IER & AN X BOFMD, A
MR AR BH IR 72 L 2R L Tw S (FHHIE,
2016a ; Yoshida et al, 2016b),

REA EEWR (2 o3 T D f5 3¢ 1%, #9 13.0 ka cal BP %
TAF IV FXHBOADORETH 2725, ZNLUE
iFa v ey rmiiEns X9 cn s (k- M
By, 2016). EEEESHTOAHTIE, #14.0 ka cal BP
DO REMN S HERBREEIC e o 72 2 E R E 3 (FH,
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2016). mEHERYI I, £ 17.0 ka cal BP 2> 5 1%
VoeHRBEIL, #14.0 ka cal BP DU#ICIZIE%
~NEBT B, £7, #913.5~12.0 ka cal BP (2133
MOREL W3R 2. Lz ->T, 17.0 ka cal
BP DAREIC & \F 2 IR IR AT, 208 i 25 ARpR A A2
DI % &3, AR & O R IEA L 7

LEzZoNns, £, [UEORBELLAEL 5 2 L TR
RIEHEEM L, 13.5 ~ 12.0 ka cal BP (&P & ik
&> TEPHIVACKRRH > 7bD EFEZ o
%,

#11.2 ~12.4 ka cal BP I213 PARt i3 8fiE % T[]
D, BRI —IRHINE T L2 2 2R L Tw5 (F
H %2> 2016a; Yoshida et al, 2016b). Z & —IFN
AR D ZAE, FEVIFEERE A BT & BT DG
RicixRonkwv, ZoRICE T 2 KRR OKT
&, 7V =y 7 v FKIKa 7 oEERZRN AR
TY A=Y 72 (YD; 12.4 ~ 11.7ka cal BP ;
Stuiver and Grootes, 2000) & —333Z 05, Z
DHEBUNFEREHZZ 6515,

3-3 2AMAiEL & KM OEIEATER (8 11.0
~ 3.0 ka cal BP)

BT OfEHE I, £ 11.0 ka cal BP DRIz
F Mg v T =Ty EMESN L, PARUHIZZE
EMICEEZ ER2 X9 i1ck s, ZoRIcE, ik
AN S BA L, AEREML a7 liE%x
Ffh LT REEREBRR BN S X H kot b E
Zo6ns (FHIEH, 2016a; Yoshida et al, 2016b),
Z DEEILTERIROIERBIE, Yo A=Y 7R
IS T 2 BT L IZIE T 52 £h 05,
IR T B9 11.2 ka cal BP ICKM o &7z
Mg L4 U7z &£ 2 503 (Walker et al., 2009),
ORI B L, I IR IR DS HERE Y 1 HERE 3
X910k D, BEEONOMEE, BEKERELR
IRl RO L L, L8 L R HERBRER IS 5 o 7
ZEERRLTWS (EH, 2016).

—J7, #111.2 ka cal BP LAR&IC 1) 2 A EERE A5
Frcix, 453V FXHfte 2 A YE, YEIK
HE vz, i, Hi T RO @GN~ {7
RILTIE, Y osmiERo ok, £, YO
TENANDR AL, TR OFGEPLTIKEE DO 4 &



ca. 30-17 ka cal BP (LGM: 22-19 ka cal BP)

Alpine medows with rocky areas

Treeline
1,400-1,000m a.s.l.

VvVV V

Mushikura Lava '

(Hornblende biotite andesite,
hornblende andesite, olivine
two pyroxene andesite)

(Biotite dasite, garnet bearing
obsidian, tuff breccia)

> Pinus pumila (dwarf Siberian pine)

@ Selaginealla selaginoides (spike moss)

ca. 17-11 ka cal BP (Last Glacial Termination)
Deglacial warming

Alpine medows with rocky areas

Treeline

Wada River

> Pinus pumila (dwarf Siberian pine)

i Boreal conifers (Abies, Picea, Tsuga etc.)

@ Betula (birch) woods
Il Wet meadows

2 LEREFRELCETZiEE I HERORBET I
Fig. 2. The landscape models during the past 30,000 years around the Hiroppara bog, central Japan
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ca. 11-3 ka cal BP (early-middle Holocene)

Treeline
>2,500m a.§.‘l._,...u
wuet

Soil formation and slope stabilization

Sasa woodland floor

. Deciduous woods (Quercus, Carpinus etc.)
I Wet meadows

Treeline

>2,500m a‘.f.‘l-“llll

.
.
Y
st

* Temperate conifers (Tsuga, Cryptomeria etc.)

. Deciduous woods (Quercus, Carpinus etc.)

Wil Wet meadows

2 (/%) LBREREIICRITZ28E 3 HEHORBRETIL
Fig. 2 (continued). The landscape models during the past 30,000 years around the Hiroppara bog, central Japan
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THVEPRAL K EIZE 2, RBT 205 ¥
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e, LEedo T, ENIEA F a3y - Xl
XA % EORTIERMYET L, WEL DMK
WK EIIHL T EEZI6N5,

34 AFESHEER &k FoRIm (] 3.0 ~ 0.7 ka
cal BP)

oI oftss o, $3.0~0.7 ka cal BP D5
JFORE A TIE, AL L Tarolifge ke 7%
VEIEIRTERIR D300 A L C o 72, IS EER o 188y
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EEZosns (FHIEH, 2016a; Yoshida et al,
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(F M2, 2016a;Yoshida et al, 2016b), 2D Z &3,
IRV FE ALK HERFEE L, RO e &b
FMRDME T 2WEEZEZ T EEZ N5,

7 3.0 ka cal BP DIDWHNTIE, FTEPLZX 2N
YIE, 4 F 3y FXHR, VIEL & oMYk
i E Tz (eifi-fiEr, 2016). - #% (2016)
&, ZOMR»SBENICE T 2T HEBORA &I
fbziERML Tws, ghdo X9, IHEIHh R ARAz
DEVIRFENTIHETTE 2w, £, HESITOM
03, £93.0 ~ 2.0 ka cal BP I i3 FKAzZ23 B L,
b L7z 2 ERE w3 (FH, 2016), Zdk
TR N DEZIEAGISHE S T DR AL, KBEEEDHE
TR ERELCFHL T2,

Z ORHA O IR RS AT, ORLR 53 BT D s
SINKEDBHEESBEM L 72 2 EBREINT WS, R
DI EBDS, IWKFEOFAITBARZT TR, K
WESET2HEHOBEZRCT, Thbb, O
IZB 3V B O EEREARL, (HKFHROMBEIC XD
AR E N7 B O REYEERE (R MR R A 2 5 A L
725D TH B EENE ., AB, $11.0~3.0 ka
cal BP T ¥4 @O MR ALRD 5. I DO
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HicEB BT HMRI R OISR D 5 d 2 e, 1
KFIZ X 29 BOMEYMERBRADIEATHSZ EEZ S
nas,

3-5 ANBEHORIME 7Hh =y KM ($ 0.7 ka cal

BP ~ AD1918)

e ofiss 5, $0.7 ka cal BP ~ AD1918
DIRFIRIE A TIE T h < Y RO IMABRD 54 5,
E7, TORMICIZ PARUEDSHA §2 2 &5, i
FRIADKENZ L kot Eions, —H, #%
Krpé o MR R IZINA§ 2, Ul KRIC X 574
MOWA L 135 2 v, SERTHER NI IE ABNESE) I X
DIHMRBEDEA AT, AARZHITTY A=Y K
PRHIBANN L 72 & & BB HDIER G B 5 R &N T
v % (Tsukada, 1988; Sasaki and Takahara, 2011,
2012 ; &M - #5AK, 2013). LZd->T, $0.7 ka cal
BP 127 % &, JREME T H NBIC X O #pphfden’
T, FHIEAT2ELEDIL, Zoic T A<
Y RMRBEEIML - L EZ oS,

ORI B 2 YEERRRITHT O REHZ, AR &
LCav@EexeAYE, AF3yFXiikl, vvig
REPEHINTVLTED, HiRHH & KE B2
R (- M8, 2016). —J5, BEEOHT T,
AR T 2 2 L2 5, RENOGER T
KD T AR SN (5H, 2016). F7, Z DN
i, IRERREICE T 2 Y O RFEEHEED T
% (TiZA, 2013 ; FHM, 2016), 02 &IFid)E
FA 2 & EWHEAC X D IR DS Iz b L 72 b
DEEZOND, Tihbb, FHFMEREIC X 2)EEEE
A DKER DA i 25 g R I L, 2o+
DA L7 2 8T, RN O LA v
RETED Y.

3-6 A 7=tk (AD1918 ~BifE)

AD1918 4F LUK 0 25 S5 )5 83 C AR AE K 3 BT D it SR
D6 h 72 VROIERD R E N, BAEDHRMRE L
GoltbDlEZS5NS, —T, ZORIZET S
PR AT OREHIE, KR ELTavEP X2 AT
g, A F a3y X, vHEaEPEEInTn 5,
DT EDS, BITETHORENICE LT 2avEex
2 AYIE, A FITYVFXHBOMEEPEFTL TV



ca. 1.5 ka cal BP-AD1915 (Historical period)

Serious decrease of woodland by deforestration

Secondry forest

Pinus densiflora (Japanese red pine)

i Temperate conifers (Tsuga, Cryptomeria etc.)

’ Deciduous woods (Quercus, Carpinus etc.)

Wl Wet meadows

AD1915-Present

Plantation after AD1915 ~a

Secondry forest

.} Pinus densiflora (Japanese red pine)

i Larix kaempferi woods (larch)

. Deciduous woods (Quercus, Carpinus etc.)

Il Wet meadows

2 (/%) LBREREIICRITZ28E 3 HEHORBRETIL
Fig. 2 (continued). The landscape models during the past 30,000 years around the Hiroppara bog, central Japan
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DEEZOND, T, BEIWTOMEICH KRELE
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RIS IICHZ L L Tt E2 6N D,
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F WP UL IR O HERE 12 3 1) B A6R 20 AT & R EE
BRIk BT, BRI OMEL S, ZoMEE K20
JAIC BT B2 3 M O SRBIAE L A2 S HH
S ERoT,

1 30.0 ~ 17.0ka cal BP 12 1&, f5#& K Ju1 i A 5 12
B 2%Em kM X 0, wELA ORE A SIS A 5
B X OZDRIICIED > Tz, 2O RKMBEED
bE, WEFRRYV 77y a Il kD IENTIEE
WHERE T 2 & & big, A F TV FFHBPEFL TV
7-. #117.0 ka cal BP 121%, WK X b 7%
MRS ERT % & & big, MERIIEA N |t
HHAEH RS IER DR & o 7. 2 DML & FRbk
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JB DI SER SN U 72, F 72, (L KEEDHE I
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MRS RED B s, L L, HEONERET —
Y EfHRGDE, KA ORI L A& LIS
%2 LT, & DEHIICEBES 2 o 0 & BREE %
THIEDREE RS (HIEH, 2011, 2014;+%
R, 2013 #HH, 2015). 4%, 0k BEKE
DB HAS M T biuE, X Y E#EED
WA OBEICEP 2 b0 LI N5,

Eifa

KRG %HED 5 1CH 7D, FICKEMEYEO KL
BRI E O B IS O W THR R TS 2
T, HEREREANE XY Y —DRY v 7D
SANTIIRR 2 B % L CTHEW 7 ARIFZE I 22 ~
27 AF B SCHRRF A AN R PRI R R 8 S AR TS PR S 1
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Landscape and climate changes during the past 30,000 years
around Hiroppara bog, Central Japan

AKihiro Yoshida'

We have reconstructed landscape and climate changes around the Hiroppara bog, central Japan, using the pollen,
micro-charcoal, phytolith and diatom records along with a robust chronology, in order to provide valuable information
for inferring past interactions between humans and the environment. The pollen record shows woodland landscape
changes around the bog as follows: 1) during the period 30.0-17.0 ka cal BP, alpine vegetation, such as patches of Pinus
pumila (dwarf Siberian pine) and alpine meadows with rocky areas surrounded the area; 2) during the period 17.0~ 11.2
ka cal BP, mixed woodland consisting of Betula (birch) and boreal conifers covered the area; 3) after 11.2 ka cal BP,
dense mixed oak woodlands flourished around the bog. On the other hand, the phytolith and diatom records indicates the
local vegetation and water-condition changes at the bog as follows; 1) under dry and unstable sedimentary environment
during the period 30.0-11.0 ka cal BP, meadows of Pooideae dominated at the bog; 2) during the period 11.0-2.0 ka
cal BP, Phragmites and Pooideae grassland flourished in wet and stable sedimentary environment; 3) after 2.0 ka cal
BP, grassland consisting with Moliniopsis, Pooideae, and Phragmites developed at the bog, under the dry and stable
sedimentary environment. The palacoenvironmental records, therefore, indicated that the landscapes around or at the
bog changed drastically, in response to the global climate changes. We can suggest that the landscape changes since the
Palaeolithic strongly influenced the prehistoric human activities in the area.

Key words: landscape; climate change; pollen and micro-charcoal; phytolith; diatom; central Japan.
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Fig.1. Distribution of the archaeological sites around the Hiroppara bog
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1993 & D)
Fig. 2. Artifacts from the layer VI of the Hiroppara site III (Omegura sites research group ed., 1993)
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Fig. 3. Artifacts collected from the surface of the ground around the Hiroppara bog
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Hiroppara sites | and Il
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Wy Wet meadows e Hiroppara site Il

Hiroppara site I

ca. 17-11 ka cal BP (Last Glacial Termination) Incipient Jomon ( )
~16-11 ka cal BP Layer 1

Deglacial warming
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Correlations between the landscape changes and the sequence of
human activities around the Hiroppara bog

Jun Hashizume"', Yuichiro Kudo’, Kazutaka Shimada’

We have reconstructed the archaeological chronology around the Hiroppara bog, central Japan, using the results of the
archaeological excavations during 2011-2013 season and former investigations, in order to provide valuable information
for inferring past correlations between human behavior and environmental changes.

Since 1989, results of general surveys identified seven prehistoric sites around the Hiroppara bog. Taking these results,
we began new excavation at the Hiroppara sites I and II and topographical survey on this bog and around it during 2011-
2014. The archaeological record shows chronology as follows: 1) during the ca. 38-32 ka cal BP, at the Hiroppara site
II: early phase of the Early Upper Palaeolichc (e-EUP) industry with edge-ground stone axe and trapezoids, 2) during
the ca. 25-20 ka cal BP at the Hiroppara site I: later phase of the Late Upper Palaeolithic (I-LUP) industry with bifacial
points, margin retouched points and a blade core, 3) ca. 10-5.5 ka cal BP: early phase of the Initial Jomon to beginning
of the Middle Jomon with potteries and lithic industry containing arrowheads and grinding stones. A character of Jomon
and e-EUP artifacts assemblage indicate the Hiroppara site II functioned as a campsite and obsidian acquisition and
lithic production location. On the other hand, no refitted lithic tools and flakes are available in the Hiroppara site I, and
this suggests that this location used as a very short term of stay.

The pollen record from the Hiroppara bog shows that alpine vegetation surrounded this area during the 30-17 ka
cal BP. The alpine landscape of I-LUP (point industry at the Hiroppara site I) was a favorable situation for gathering
obsidian raw materials on the ground surface. Growth of woodland started at 17 ka cal BP due to a rise of the tree line
elevation corresponding to the deglacial warming. Only one stemmed point have been unearthed at the Hiroppara site
I, the archaeological record of this period is still unclear. The pollen record shows that dense mixed oak woodlands
flourished during the 11.2-2.9 ka cal BP. The many times of occupation during the early phase of the Initial Jomon to
beginning of the Middle Jomon (the Hiroppara sites I and II) possibly reflected the human adaptation for such broadleaf
forest landscape. The e-EUP industry (the Hiroppara site II) designated as a lithic manufacturing workshop tightly
connected with obsidian acquisition among source areas, but no pollen record at the Hiroppara bog older than 30 ka cal
BP.

We can suggest that the correlations between landscape changes and human activity around the Hiroppara bog. These
issues require further study about archaeological sites and paleoenvironment especially older than 30,000 cal BP in and
around the Hiroppara bog.

Keywords: Hiroppara site group, archaeological chronology, Upper Palaeolithic-Jomon period, correlations between
paleoenvironment and human activities.

1 Center for Obsidian and Lithic Studies, Meiji University
2 National Museum of Japamese History
3 Meiji University Museum
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Fig. 2. Landscape changes in the Central Highlands and human activities for obsidian exploitation during the Upper Palaeolithic
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Fig. 3. Changes in obsidian use frequency in the Upper Palaeolithic settlement areas
N: the number of obsidian artifacts for which the sources were identified (100%). /A : Obsidian source areas; CH: Central
Highlands; KZ: Kozu-Onbase Island; AG: Akagi; HK: Hakone; TH: Takahara. The figure was modified from Shimada (2015).
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Landscape changes in the Central Highlands and

human activities for obsidian procurement in the Upper Palaeolithic

Kazutaka Shimada"

Upper Paleolithic hunter-gatherers intensively exploited obsidian sources 1400-2000 m a.s.l. in the Central
Highlands, central Japan. Previous studies have suggested that the last glacial maximum (LGM) decreased human
obsidian procurement in the source area because of its high altitude. However, the relationship between the impacts
of the LGM and human responses in the source area based on convincing evidence from the paleoclimate, obsidian
provenance data, and archaeology remains poorly understood. This study examines the correlations among pollen record
datasets for the past 30,000 years from Central Highlands 1400 m a.s.l.; more than 85,000 pieces of obsidian provenance
data for the Chubu-Kanto region; and chronological sequences of Upper Paleolithic industries in the Central Highlands.
The synthetic analysis can reconstruct historical changes in the human-environment interaction in the Central Highlands
during the Upper Paleolithic. The combined data shows the early LGM constraining the procurement activity at the
sources; an increase in active human responses to the LGM cold phase; changes in the land use of the source area in
the terminal LGM triggered by the appearance of new lithic technology and the reorganization of mobility ranges. The
human adaptations to the LGM conditions around a latitude of 36°N were complex.

Key words: climate change; obsidian exploitation; Upper Palaeolithic; the Central Highlands; resource environment.
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