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Vegetation history and use of plant resources from the incipient to early Jomon
periods at the Torihama shell midden site, Fukui Prefecture, central Japan
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Abstract To reconstruct the distribution of vegetation and use of plant resources at the Torihama shell midden
site, Fukui, Japan, from the incipient to early Jomon periods, analyses of fossil pollen and plant macrofossils
were carried out together with radiocarbon dating. We identified six vegetation stages from the composition of
arboreal pollen assemblages and radiocarbon dates: forests of Lepidobalanus and Fagus (ca. 14,000-13,200 cal
BP), Fagus forests with Cryptomeria trees (ca. 11,600 cal BP), Lepidobalanus forests with abundant Castanea
trees (ca. 11,500-8700 cal BP), Crypromeria forests with an increase in Celtis—Aphanathe trees (ca. 8700-7100
cal BP), an increase in Cyclobalanopsis trees (ca. 7100-5700 cal BP), and dominance of Castanae trees (after ca.
5700 cal BP). Use of Castanea crenata appears to have started in the incipient Jomon period. In this period, C.
crenata trees appear to have grown abundantly within Lepidobalanus forests on a nearby hill and were probably
maintained artificially. During the incipient Jomon period, Toxicodendron vernicifluum and Cannabis sativa had
grown around this site since ca.13,200 cal BP and ca. 10,500 cal BP, respectively. Throughout the incipient to
early Jomon periods, an increasing number of taxa appear to have been used as plant resources around this site.
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Fig. 1 Map showing the location of the

excavation area and sampling sites at the
Torihama shell midden site (modified from
the 1:50000 topographic map “Nishitsu” of
the Geographical Survey Institute of Japan).

Black dot: sampling site, dashed line: range
of the Shiiyama hill before 1925 A.D.
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Fig. 2 Geologic columnar sections of the sampling sites at the Torihama shell midden site with radiocarbon dates (radiocarbon

dates from Kudo et al., 2016a).
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1 BIRHEOSHEER R EEN (L#EE2, 2016a)

Table 1 Radiocarbon dates of studied samples from the Toriham shell midden site (Kudo et al., 2016a)

Locality Sample No. Layer Pottery type Laboratory number ~ Radiocarbon age Calibrated date
"C BP cal BP (20)
83T23B, 83T22C  T2,T40 4 - PLD-25101 3125 £ 20 3395-3250
T3,T41 N - PLD-25102 4150 =20 4825-4580
T4 6 type Ilc lower Kitashirakawa PLD-22338 5035 =25 5895-5665
T8 13 type Ilc lower Kitashirakawa PLD-22339 5015 =25 5890-5655
T42 15 type Ilc lower Kitashirakawa PLD-25103 5105 =25 5920-5750
T43 22 type Ilc lower Kitashirakawa PLD-25104 5050 =25 5895-5735
T12 28 type IIb lower Kitashirakawa PLD-22340 5155 2§ 5990-5765
T44 29 type IIb lower Kitashirakawa PLD-25105 5050 =25 5900-5730
T45 31 type Ila lower Kitashirakawa PLD-25106 5095 =25 5915-5745
T15 34 type Ila lower Kitashirakawa PLD-22341 5450 =25 6295-6205
T17,T46 63 type Ib lower Kitashirakawa PLD-25107 5290 =25 6185-5950
T47 73 type I lower Hashima PLD-25108 5425 £ 25 6290-6195
T20 77 type Il lower Hashima PLD-22343 5645 =25 6495-6345
82T18B T21 26 — — — —
T22 34 — PLD-22329 6115 25 7160-6895
T23 36 Tajomon PLD-25113 6250 =25 7260-7025
83T22C T48 78 Jokon-kei PLD-22337 6760 =25 7665-7575
81L24E T27 34 — PLD-25109 7900 = 30 8955-8595
T28 35 — PLD-22332 7775 = 30 8605-8455
T29 3637 — PLD-25110 7855 =30 8750-8555
T30 37+38 — PLD-25111 7795 = 30 8635-8480
81T26B T31 38-41 Oshigatamon PLD-22333 8640 = 30 9675-9535
T32 42 +43  Oshigatamon PLD-25112 8990 = 35 10,235-9940
T33 42 - 43  Oshigatamon — — —
T34 44 Oshigatamon PLD-22334 9205 = 30 10,490-10,250
T35 45 — — — —
T37 47 — PLD-25717 10,030 = 30 11,710-11,340
T38 49 Tajomon PLD-22335 9990 = 30 11,615-11,280
T39 50 — PLD-22336 9975 = 35 11,610-11,265
82T18B T24 38 — PLD-25714 11,415 £ 35 13,325-13,150
T25 39 — PLD-25715 11,470 = 3§ 13,420-13,24S5
T26 41 — PLD-22331 12,165 = 40 14,195-13,870
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Fig. 3 Fossil pollen grains of Toxicodendron vernicifluum and
Cannabis sativa from the Torihama shell midden site. 1-4:
Toxicodendron vernicifluum (1:T35, 2:T24, 3:T24, 4:T34),
5-7: Cannabis sativa (5:134, 6:135, 7:T15).

BRYVE IOV F R LSOV MEP 65, TEBicid U-Oki
DIEIRITIAE L, 40 JE8 & 44 JEHSFESCRE I 0 Y ¢+
BoaEGET, 40 BICiZt Y BORENLRICEENT
Wi,

82T (18B) Hhfilx, ik TAa, TAb, TBa %)E2
5%, FREIIZIZKFICHERET 2, HERIE, TAa fEix
RGOV i LK ARYE S L+, TAb O XK
EHIEERE L D rh~#lid, 2o Bfnidt) — 7RG s
VL, TBa o Pl )Lk Tth-otz,

83T (22C-23B) #1513, FhHzk b TBa, TBb, TC %
JE&7> 570, TBa & TBb %@ & P /7 AN #E < AL AR
DMK 2 %, TBa X B EAREE S L, TBb EIZH
JE, HEEEETVARES L, YL NERK, SV
BRI e &0 57 %, TCIED S I B hRK, 46
T REEAREWES LV Th o7,

2. IS
MER ST I3 27 JEHETIT o 7 (K12), fEk A it
i, RH0.7 ~3.5 g (JRE) ZFFE LAR2ZHERIC

o
=
o

A Humulus lupulus var. cordifolius
O: Humulus scanden
<& Cannabis sativa
@ : fossil pollen

0.08

0.06
T15-$29%
0.04 %
°
123 T35
0.02

Thickness of exine in annulus (A) / equatorial length (E)

(=]

0.05 0.10 0.15 0.20
Length of endopore (P) / equatorial length (E)

4 RIEHSEPSMBIL 2T LA 7Y et DML
R (P) /iR (E) EHBYUHEER (A) /48R (E) ok G5
JIl - T, 2014 2.

Fig. 4 Scatter diagram of aperture size to equatorial length (P/
E) and annulus thickness to equatorial length (A/E) ratios for
fossil pollen of Cannnabis sativa and Humulus from the To-
rihama shell midden site (modified from Yoshikawa & Kudo,
2014).
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Table 2 Taxa of pollen and other palynomorphs from the To-
rihama shell midden site

Arboreal pollen

Podocarpus, Abies, Tsuga, Picea, Pinus subgen. Haploxylon, Pinus
subgen. Diploxylon, Sciadopitys, Cryptomeria japonica, Taxaceae-
Cupressaceae-Cephalotaxaceae, Salix, Mpyrica, Platycarya, Ptero-
carya, Juglans, Carpinus tschonoskii, Carpinus-Ostrya, Corylus,
Betula, Alnus, Fagus crenata, Fagus japonica, Quercus subgen.
Lepidobalanus, Quercus subgen. Cyclobalanopsis, Castanea crenata,
Castanopsis, Ulmus, Zelkova type, Celtis-Aphananthe, Moraceae
(Morus type), Viscum, Cercidiphyllum, Magnolia, Zanthoxylum
piperitum type, Zanthoxylum, Phellodendron, Daphniphyllum, Mal-
lotus, Toxicodendron vernicifluum , Toxicodendron trichocarpum
type, Rhus javanica var. chinensis, Ilex, Celastraceae, Acer, Aesculus
turbinata , Sapindus, Rhamnaceae, Vitis, Parthenocissus, Tilia, Ac-
tinidia, Camellia, Araliaceae, Cornus, Ericaceae, Diospyros, Symplo-
cos, Styrax, Ligustrum, Fraxinus, Sambucus, Viburnum, Callicarpa,
Lonicera

Non-arboreal pollen

Typha, Potamogeton, Alisma, Sagittaria, Hydrilla verticillata,
Gramineae, Cyperaceae, Eriocaulon, Lysichiton, Aneilema, Mono-
choria, Cannnabis sativa, Humulus, Moraceae-Urticaceae, Rumex,
Antenoron, Persicaria, Chenopodiaceae-Amaranthaceae, Brasenia,
Nyphar, Thalictrum, Ranunculaceae, Saxifragaceae, Parnassia, San-
guisorba, Rosaceae, Leguminosae, Geranium, Impatiens, Corcho-
ropsis, Ludwigia, Trapa, Umbelliferae, Menyanthes-Fauria, Labiatae,
Paederia, Patrinia, Actinostemma, Artemisia, Xanthium, Tubuliflorae,
Liguliflorae

Other palynomorph

Lycopodium, Osmunda, Pteridophyta, Sphagnum, Pediastrum,
Trichuris

IZEEEN TV,

TR-II & (GRS : T39)

7 FD326% TS L, AX Cryptomeria japonica
TRIAF X DML T11% %2505 2 LIS X DR S
Nt flucarsiiEer <> FE-79 58, 4 F4F
b XBA XY AR EDHIL 72, KEEYD I X
N avEeay it @ Nuphar, ©¥BOBMHEIN,

TR & GRS © T31 ~ T38)

aF ZHELEIML Ecm#EZ 5o, 7Y Castanea
crenata D3FEIZ 6 ~ 11% CHifie L CTHEL L 72, 7 HIE TR
TR L TEERICARD, HEEBOAX A F /-t /%
B4 X BV AR % L, bF /¥ Aesculus turbinata
PEF/ FEVERLESHH L THELZ, 5612y
WS DIT37 ~T33 FCMlifE L TSN, ~v /X8
ERCHE L T mtE 2R L, b &Y alE Fraxinus
572, £72, 7Y Cannnabis sativa 5 T34 & T3S,
T31 226 1~ 2k E N, fk#ch IR FETix
262 mm/em’ LWL FEVHLDOD, 2D TR 62 ~
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Fig. 5 Pollen diagram of selected major taxa at the Torihama shell midden site. The percentages of arboreal and nonarboreal

pollen are based on the total arboreal grains excepting Alnus and on the total pollen and spore grains, respectively.
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TR-IV & GARHES : T27 ~ T30)

AXHRIML EFC26 ~35% L@ CHBIL, =/
XE-217 / X)E Celtis-Aphananthe 73 3 ~ 6% % 57z,
76 ~12%THEIL, af7HliESLAFAR-/ %
Bl=A XY ke £4% O TR X DA L 72,
F7, Nv I XEOWA LAYy 7 Cyperaceae
ML, WKMo a Yy R REER D MURROR 1%
317 ~ 517 mm’/em’® £ % GER T,

TR-V& GARES : T8 ~T23, T48)

7 A BT M@ Quercus subgen. Cyclobalanopsis 73%) 2
~10% CHEfE L THIBLS 2 2 LIck D RO oz, A
X3 TR-IV H7 L FARRICESAC, 7 VIHMERICR S, 7Y ¥
& Zelkova TIIEH T 4 / X & Castanopsis 13 TH %
ERGE L CHEL, BT T IEBLENES SO
Teo E2, DT T2 DA EHI N, KEMEDD

av R rELEVENHEL, 7Y oR s E
M S N7, MRk R, B LT 464 mmYem® &%
%\ H DD, HDJEHETIE 112 ~ 271 mm/em® A7\,

TR-VIH GUEHES 1 T2 ~T4)

7 ) DI EER CHBLT 5 S L Ic KD RO B
%, TAREITIEZ7 VX 19%TH 553, EMOREDES
2V -4 7 XIBICHE LR 11%% Lidt, 790
HIBLHRI T3 BURCIE 7% LIERTH 575, T2 kTl
30% LR TH o, AXIE23~46%LEHT, rr¥
JERP A X @B 7o, ik o HERIN SR &
1, WKLY 2483 ~ 2514 mm?/em’ L &tz & £
Tz,

2. RBEYLasiv

LU 720 8RB0, BHoEist 3, JIA3ERT 38, KA 32 &
HHE, e Th-o7z (R 3), EH LRI a0,
T4, TS, T42, T43, T44, T4S, T23, T27, T30, T38 Mt}
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TR ZEDTI00 K22 250D, TIIBARI
Tedv, 20, Kim Tl EEREMEYILA DR
ZHMCRL: (K6),

ST IRF AR A ~ w0 200 U CE N L 7 KBSt
1%, $HEERID A X Torreya nucifera RS>, Y&LEINTERID
A=WV 3 Juglans ailanthifolia WHFZ, 2 Bz, 7'F
Pt Fagaceae BJ¢, =3/ XJ& Styrax WA, MtEHYID
N )X Alnus japonica edl, KAEWYIO Y ERIEE a
VAR EE TR ETH T, 7FRHIIZEAED 2 ) T
Quercus sect. Prinus 7>, &%\ &7 V) DR DRI
ThH5,

FESCIRH TR BE DRI 13 EHEER 0 7 2 1 )& Thujop-
sis B2, ERERTERIO 2 iR, 7 V)& Morus i1,
Hh 7 ANy aw Zanthoxylum ailanthoides WHFZ, b
F 7 XFEzZ, 7 Ah A7 Mallotus japonicus fifZ, =
7~ AN, EARDY VIS Perilla 1HE, KAERYIO
L Ly ag Potamogeton WS B S PE L L 72, B SCIRE
AT DA 1T I EVE SEINTER D Y > > 3 7 Zanthoxylum
piperitum WHRE W kA TER O © ¥ ) % )& Eurya T+,
YORD T 32U URE cf. Perilla frutescens RFEDIFEH L 72,

Wt L7 A4 = 70 SINRLEEAS, MR RFLAII] O T25
EHTHAD T8, T42,T43,T12,T44, T45 ikl 5 PEH L 72,
F, Ny XL, e AXERMT, e uEN
REZFIFEAEDTILTH LD, APHikE, =71 32
WHEZ, 7V, bF 7 ¥R, e ERFEIZIZIEWA
ThH-o7z,

RAGL 72 KB LA 1%, AYREEEE, A=270 SHE
B, 7B, 7R, N XfEK, 7P UERET,
=7 FaENRKE, evERETHRO NI, RILL A
=V SINREZ R b o E BRSO~ R % i
LCREHL, FAIMO T38 ilkld & 13k L 72 7 v i 5L
P VRBSERL 72,

= =

1. BREREDICE S BEENFHDIET

BRI B 2D EIR, TR-I~ VI
59 % 6 DofiAIcXaIns (K7), HEREYOHEE
&R B DB AR IEAES (DU, cal BP ¢ad$
%) EDBEfRICES K B OB RO EERIZ, TR-IT
1L TR-IIT D EEH39 11,500 cal BP, TR-II #] & TR-IV
WD EEH3%) 8700 cal BP, TR-IV ] & TR-V D 8234y
7100 cal BP, TR-V #H1& TR-VI D33 5700 cal BP T
H2%, TRIHE TR-I HIOBTIZHERE IR B 2 72 D IS PRE
TELZVA, 913,200 ~ 11,700 cal BP DflicdH 3, d
ZH (1979) HE L7 B HZK o 1, 1, -1V {EfT I,
ZRZFN TR, TR, TR-V HACHIGT 5,

=3 BEHEE»SEN L 2 KEYLA
Table 3 Taxa of plant macrfofossils from the Torihama shell
midden site

Coniferous tree

Pinus subgen. Diploxylon (s, cs), Thujopsis (1), Torreya nucifera
(t,])

Broad-leaved tree

Juglans ailanthifolia (e), Carpinus (f), Alnus japonica (b, f), Quer-
cus mongolica var. grosseserrata | Q. aliena (c), Quercus sect. Prinus
(p), Quercus (p), Fagaceae (p), Castanea crenata (p, co), Zelkova
serrata (f), Morus (s), Broussonetia kazinoki (e), Magnolia obovata
(s), Rubus (st), Wisteria (bs), Zanthoxylum piperitum (e), Zanthoxy-
lum ailanthoides (e), Zanthoxylum schinifolium (e), Phellodendron
amurense (t), Mallotus japonicus (s), Staphylea bumalda (s), Acer
cissifolium (f), cf. Acer palmatum (f), Acer miyabei (s), Acer (f), Aes-
culus turbinata (t, p), cf. Sapindus (t), Vitis (s), Actinidia polygama (s),
Actinidia (s), Stachyurus praecox (s), Eurya (s), Idesia polycarpa (s),
Aralia elata (e), Cornus controversa (s), Cornus kousa (s), Styrax (e),
Sambucus (e), Callicarpa japonica (e)

Herbaceous plant

Galeola septentrionalis (s), Sparganium (e), Potamogeton (e), Alis-
mataceae (s), Monochoria korsakowii (s), Paspalum (f), Bolboschoe-
nus fluviatilis (f), Scirpus (f), Carex (f), Juncus effusus var. decipens (s),
Humulus japonicus (s), Pellionia (s), Rumex (f), cf. Persicaria lapathi-
folium (f), Persicaria hydropiper (f), Chenopodium (s), Amaranthus
(s), Dianthus (s), Ceratophyllum demersum (s), Nuphar (s), Curucife-
rae (s), Potentilla (st), Oxalis (s), Hypericum (s), Viola (s), Trapa (f),
Trapa incisa type (sp), Ajuga (), Perilla (f), cf. Perilla frutescens (f),
Solanum (s), Neoachmandra japonica (s)

Algae and fungi

Nitella (0), Pyrenomycetes

: 3%, bs:3f, sp:filRIGH, cs: fHBE, sk, st K, e
NREZ, st iz, £:09, b B, pt BB, cot 74, o I,

I: leaf, bs: bud scale, sp: spine, cs: cone scale, c: cupule, s: seed, t: testa,
e: endocarp, st: stone, f: fruit, b: bract, p: pericarp, cc: cotyledon, o: oo-
spore.

FHSCHRFRIEATIA DR 14,000 ~ 13,200 cal BP (TR-1 )
id, FLAD B BICVEEIRE O S XF 7907, F
=TNWE, MR BERFEREL, EREOET XE,
HIEW DA FAB- / X B—A 2 ARLE, it BER
oo LHRIERMESEE o a Xy e by e @2 BERE L 724
DR TTe, i, BTSNV A B
SN LD, ZOX)BRETEAMYEINE T
PHAEFLTWREEZLNS,

FESCHRR S A o 9 11,600 cal BP (TR-ITH) 1213,
7 MDA R IR L CEHEER O A ¥ %2419 R Az ic 2L
L, ZVBRAEL T, 7T DI RIGAKHITIE 12,300
~ 11,250 SG vyr BPOY v A — =+ FUT R - ARV ID
FEWIIONIGR§ 2RO 51T b (Nakagawa et
al., 2005), T X9 %K ELHEBAOHERY T 7 DA
RKDBWHERINZ S, ZOHBDOILHE TR -7
bDLEZONDE, £, KHMDIEMOITHERZ A S
&, #911,600 cal BPTizZ7 Vg /> A / *¥JE (Castaneal
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Fig. 6 Occurrence of selected plant macrofossils from the Torihama shell midden site.

Castanopsis) {E¥HEHETH 25 Z £ 6 (Yasuda et al,
2004), 7 VIFBEGITEAL T LI NS,
FESCIRFAREL AR ~ R IR EE D 11,500 ~ 8700 cal
BP (TR-II ) i2id, Sfoidigibic X b 7 #kags L,
7 ULEMNE 3~ 11%HFIL, 7Y %) aF JiliEkaA
KL 7, ZH (1979) O BiEAEO{HHKTH, 0
Kl 7V BIE O MBI E %52 T ERD STV
%, BlAD 7 )MECB T 2ERIEM R LR L, 7
VAN 7 U RINTIE 30% A B2 o, 7 VDD 61
20 m s & SBLLTICZIT 2 (FHI, 2011), EikH
B 3B 59 45 m s 2, ZOWDK
2000 FERCH 72 DBkt 7 V) A3kl L THBIL Tw2 2 L
D6, FBEICEZ D% CRET 2HFEMBTBRS T

ZEBEZENS,

—JF, KHW<TE, 2VE+> A X@nvrh—-F
V7 AR E D 11,250 SG vyr BP DAREIZEINL THI 5%
123# L 7z (Nakagawa et al., 2005) ,Nakagawa et al. (2005)
X, Z7VIEET A XBRAMTBELSIXAIL ThZnd
DD, Y V70 IHEICL BEFKRIRDOHEED S > A
J¥@/e L7, Lo L, Takahara & Takeoka (1992a) i
=KD S IBBLL Z-FR D 7 VE-> 4 7 ¥ @itk %
SEM THIZ LTI/ VIZ@EIL Tw5, £/, BREEKTY
CORHNCIZ 7 Ve Lo o, MSCRRIF I OE
DG 7 )DREEARRPHEL TR Zb DD, > A/
¥R EcHEEL 2w L6, ZORICKHE
TR L7202 ) eHfEI NG, KHMD X9 R KE
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R O EARHIPH O 7 Vit I s 2 &h

5, WHLHIROIA I T2 ) DS EARA T 2 BRI
L7ch», 72 VMDA L 2 TR B 2 6 b,

FSCR R TR B~ 5 0 8700 ~ 7100 cal BP (TR-
IVIH) 12id, AXMPERL TESICRD, =/ XE-L4
7 7 X JEMRONIRED FAREER 72 EICHER L, WEEBI O 7 A
ALHEASHE L 72, 7 V13 TR-IT W & ARk Ik L <%
Bl ot fifilsnsg, ZoMoHERkE) o5 kg
iz bEL2HEELCoRnd, RhLz=7 b aglNE
Bk 2 IR RES O TOCE L, SRR R A3 EE
WIICE S EENDE 00, BELTIEADIEHNNS -
ToEHENI NS,

Z ORI LA D 5D s B A X RO, F
R DARHLICTE IR & 72 A X /IR X 2 T REMEDS &
%, —JTHTE IR 2R D 5 5 3500 ~ 1500 MC
P (%) 3800 ~ 1400 cal BP) O AXHEMBIH L TH
b (EE - TR, 1990), =J5il e ZhEMIc BT 5 A%
ET7 AN THIBBOHBEDE D5, AXD RO
M AEB LT Z EREM St T\w5 (Takahara &
Takeoka, 1992b), BUItHETIE, WA XL OB
MEFFI N ) BB L T D, 2D L oK
T BT 2B O LB EHIC A FDEAL, ~Nv
XML TR D B, F7, MRIFH (2014) 1Tk
2 WNAHERE ) OAERRLE & AR TR G & o ik T, A
FACHDE AR TR ARICRBLI 1, (KHIC A FDEA L
TG EAICIF AT ORI I RKIcEH]I NS,
DIHNCIE, 29 LI AXIEM DL D 0>T, 7 VIt
N6~12%DHBLZRLTED, EHEUDRE FIC
137 V)DL EGRE LI D o720y, 7V RDIRAL L T
WwibDEEZ6ND,

TSR TR B~ ZE DR 7100 ~ 5700 cal BP
(TR-V ) 121, #WHINER O 7 A A Mg kKL 7%
RTH b, FATEIAFRAY, TAFUELREDPG R
L8tEERNE, aF MRS ) XE, T Y ¥R EDELEIN
e, REBREREO 7 AT HiERS A /) XEZ2MED
FMRIZZILL, #6300 cal BP DIEICIZE ko€ F 7 F
JERARDHI L 72, =R TIR RIS AL HiEE S A
J X @D 5 7 2 IAZESIAS K-Ah 77 7 (% 7300 cal BP)
DIEIKZICFEL TEB D (Takahara & Takeoka, 1992a),
BIEABOMREEAT 2, 7)o BB IZ TRIV
WEHARTIERT L, MR RFUHE I SR HIS6EF O

7 VEEA LT, —, MSCRFRETIIRIED A2 HEciZ
ZVREDPLBEFNTED, 7 VIEMPMEETIEH 2D
ORIz LTl L THBLT 2 2 800, Rl Lok
MIZIE 7 U DRP BB SRAE L TwizEEZ 65,

HESCHH AT 50> 5700 cal BP LA (TR-VI #) <l

MESCIRF ARG IR 5, MSCREAHR ], RESCIRHUR I o AR 4R
ZRLIGRE T ) ofEnS s nsh (T4, T3,
T2), B2 UMK 721327 ) DMEBA R MDSIER E LT
%7%@b%x6né 7271, TCJEIZ TB @z ML
BHICHE->TED, MSURRATIILARE, MR
~ﬁ%i@@i$ﬁﬂﬁtfw%:k#6,:ﬂ%@%%
YIDIFHD B 72 R e 3 HE L o,

2. 7VDDHEBENRBDHEE

B FUS R ClE, 7 V1389 11,500 cal BP BAREIC oA
ZIRR L, FESORFRELRIIR ~ @HTE@L®M%
ICHBORA L, MSCRHRGIHR IS~ AT R I I § %
DD, HIIHRIEDK 5700 cal BP LIFEIIZ 2 ) M Z L
L QR E 2 o tle, BIRERICEIT2 27 OF|]
JiZ, BAGL MR LA (BBHIE2, 1996 ; Lkl
7, 2016b) OH A2 6, FANHDO LM AR DORHHIZIX
HE-oTW2, 20, FHOK 2000 FEHICIED 7 V4L
¥rasHBiL, 10,500 cal BP LUF#ICIZB AR DT L %
THOEmEL, RSB L TS, ZoREHIC
L7V ENEDREROENEZ 5N D, RS
SCRFARHIT & e L CH R B2 T, 2ol L
5, BRHERAcORHO NGB L 7 VEhoS s &
DBRICHENZER b H 2 (THEIZD, 2016b),
PRI 2 AT rR e IR SRR I I 7 V) T8k
D, EFFICEIT L 7 VMOFEAEZRTIERIGEL, BAMM
Yo7 olthbittEds 2 eps (5, 2013), J17
RIEREEIClE A7 < & b RSURRUR IR IE ICIE 7 ) &
ANDFENDEDRH -2 LIFHS D TH B,

B BRI BT 2SRRI~ i 2 1 <o
7 Ve OB, ANBNERFEEIZX 200500, AR
DHEZCEBIRT 25D TH D0 E 22, B
EDOHARFN ST, KAMD 7 )b I FET 3 &
INTw3 (B - BE, 1990), Lo, 7V DOHRKNK
B THD, BETH 7 VBMEN T 2DIRKRESIE T
& %, Nakashizuka & Iida (1995) Hi#ft (2003) 132+
IR0, VT IBIFEENV I EIES WD, Fi
5DOMIZINKEFED &) R KRELBELS RV EMFITE 20
CEREBRL WS, FHHATE, WK S KR
T THHEIC KR Z > T a8 (I 1iFsy, 2001,
2005 ; Shu et al., 2013), 7 VDKL EHE I LT
R\ (ZH - ZAF, 19985 Ei s, 2011), 7259 10,000
~ 8000 cal BP (2lZ, AN S SIMH T T=L)E-
rYXERL/ XE-L7 ) XEOCHDIHHIIC ST
%, ZOBEFLELTHBOARLZENMIBHINTLEH
(FriE2s, 2005 5 NI, 2013), 20X 9 RIBAFICE W
TH 27 VOEHIZED SN\ (ZH - =5, 1998 ; F,
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Fig. 7 Occurrence of pollen, fruit and seeds of useful plants and vegetation on the Shiiyama hill at the Torihama shell midden
site. dotted line = approximate period, *1: Torihama Shell Midden Reaesrch Group, 1985, 1987b. *2: Nunome,1984. *3: Su-
zuki et al., 2012. *4: Kudo et al., 2016b.

2011), WKHILIED ZH L7=27 YV DAEFTRNZEET 2 L ORMBE L GiARiEs, 2012), T A8 LK
L, BIEHZFREZORAICBT 227V RIUE, AE 13,200 cal BP Do 135, Zho6DI Ehn,

DEIO D DAL ) ITEZ 5N S, DRFNIIZ RIS Vo 3AH L el nfjgtiss
v (7). £, FSCRRERINIRO ZHIChd el &
3. BAEYIOSEARHEDFEDOEL JE o AT~ R D HERG SR 2> 513, AZRIICHEI S 7oA

SRR, SR REANH O 12,600 cal BP DY =7 VI ONRELRML eV BORFE LR ENFEHL T
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BY, ZOAKATADIEEHNH -7 EZ 6D,

7V OISR R ZE DR 10,500 cal BP (2
BL, BiIECIRISEGIC B 720 F72, HESTHERE
HARTSE~ RISy L e bR S, T ET Ly
&, BB EICHZ D 2T L BT 3, T
HoTH, THDOEMIRELT7HHDZEL»S 50 m B
I FL (- TRE, 2014), RBEREOY L OfEh b
FREEDIT LS MRDFEDS 10 m INICIE F 5 2 &6 (7
JINEA, 2014), 7H b 7> b EBREERICET LT
W HREMEDNEN Y, 7Y ORI IR ST O J1 2 AR
JR e SR O #SCIRE AR FHH D £ 9400 cal BP DIHT D #ED> &
LbiEHENTWE (FHI, 2013), F72, 7Y RFENTHE
WLER LT 2 B oSO 0%y 10,000 cal BP @
BYaEE» L TwS (IVRIED, 2008 ;5 T,
2009), Tbb, 7HIFHESURHUEIRTGE~ LIz H
AFNEBEDORMICHEEL Tkt EIoN b, —1, 7Ly
IOV, S EIRDIMCRE SRR I SE D T oo H -
HHENF %L, BERLE L TuRnEd, oz E
DIFHADFEEIIRHTH 5,

FiF o1 X 2 KBV EER O s (K1 6) 1A T
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