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1. FF

NUFT VT UL FO BEEDO—2F, HERE THOLIUMKEZEZROSELE
D576 17 4=V ROT—XEHRMIHRT 5 ZLichbbd, EEDTFED
D HAAEZERL D 72 DI LG TIT - T BEFFAFFEITIL, Gilpinetal. (2016), Wakano et al.
(2018). Nakamuraetal. (2020) "&b, F7=. XL A7 U7 bR ZETITHAD
N ABFFEOEEMEN GRS TER Y | mE 2 K & KBRS Z o )7 Of5E %
HHEL TWD, ARETIE, TN REZZR LN OEZT M T, BT VT
FEOMMERED I — 1 v SA~OHEHV IZEIT 2 BERAVIFFEIZ DWW TR~ 72y (Aoki
2020),

Pinhasi et al. (2005) (Z XX, RO I —1 v "~D=RIZEET 5% 7Y
Z52% Childe (1942) (ZHAFE V., S 5IZ Childe (1968) 1%, #IHAEH N THERD
BE) - AMEICE - ThEb &N & R L, el Syl N2 MmN hEN 281,
Dl b ZoEZILND, OFEV ., NEEHOKRBBEBENIC L 256 (Thbb
(7238 )) CAEMUEEM N EIRM T 5856 (T72bb i) TH D, Childe (1968) 1%
AT OFUEAN LT Z L2, BlaAll, RS T L HIEMEROERE E
g 200 Tl £, BRICIEEAMEMZ fTaEIc T2 UNEED) B8 L
EThD,

EEMT—% L LT, £9. Ammerman & Cavalli-Sforza (1971) 2 X 2 sk
IRFBERDIEESADOIET DT BET HND, OO ZOMEIZE Y, I —a X
DOIABHIN —ERE TR -T2 Z LR ENTz, E0bif, LUy b= =
PEALLESA, COAE—RBMEYEZD 1FaThd L ESINZ, ok, F
FHAIZ K > TUIERIZNR2 D DIELOERH D0, T O AN EARFICE LV
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WET DA SNDFLLTH D,

H o —ODT—HN, F—1 v OFEEN SO A SIS A B
ik (M 7e ) OHMBEARLTH 5, Menozzietal. (1978) X, Z v #HiEH DL
OIS TR S AE (ancestry gradient) Th D EfEIR L7z, Z OfiFIR
NH LIE LW B, (EHORFELE R R 2 1 Z2H~fmm L7 2 & 29 < oRiid
%o LnL., #EFEERME L7 D% OME T Z ORP RIS ND X512k
(Novembre & Stephens 2008) . £7-. ITHFEDOHKD N AMFSE (Reich 2018 72 &2 M)
IZE - T, I—ua vy "OYMERN—EHOT T N 7 Haasb RN & B IEmIZIXIE
F—THdZENHLMNI -T2, 2F D, FI—8 v OWEIHME KON T
X, T P U THEOFHARFRANEZLOFHBTHY . Lb oMk RO@p TR
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AR O A TIX, HIRD N AR OREN E - H T o 7=, FIHE# D
I—1 o NADOPER VT DN TYIFRD 531 TV 27— L. Ammerman & Cavalli-
Sforza (1971) A3/ U723 —E M, 3 KO Menozzi et al. (1978) M3 DiafeE TEAL
SN EBRLEMALEAR TH T, Fxld, 20O DOTF —X Z[RIFIZH T
B RS » AT ET LV E4EE L7z (Aokietal. 1996), E4UH

F, = DE,, + r=F[1 - (F + C) /K],
C,=DCy +1.C[1—(F+C)/K]+e(F+C)H,
H, =DC,, +ryH(1—H/L) —e(F + C)H

Th b,

Z 2T F(x,t), C(x,t), BELW H(x,t) 1T2nZh, #S x KFfE ¢ ICBIT 5k
HORAMRER (BT, SRER) OBE, BHf~mm Lza —a v eEER (U
T, EBAERE) OBE. BIXORHEEDOEE MR L= ER (BLF. SFEE
R) OBETHDL, NTAX e IIFFHEERN GkEITERN) BREEML,
R 25 A2 KT, D 1T (7o X 2B8) FfHchy, REMIILET S &K
ELTZ, £, ey 100 BEO ry 132 NEN, JRER. BHER. B X OSHHER
ERONHREMETH D, SHIZ, K BLO L (L<K) Xxhth, BRE
FHBEROERBENA N ZR L, ARBREBRERO=y F = NERIC KT D
oD, BAREN 1 Th D EIE Lo, BEREFFMBERITHEAERIC2ZNE LT
. ZHUIRET TR THET VOERBEREE L L5,

LN

0 \\*F‘ X

1 rp=1.=ry, eL/r. =01, eK/ry = 2.1.

ZOEFET NS NEEOEI TGN O D0, T — 2 IEMEMIC R b
BTHME. M1 DOAF YT ay MIRTEIRLDOTHo=, R, £, BLO
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ST WD, BB, ZDOL D RENFIET HT2DDOFRMIE, 1 <r1e+el D
ry <eK ThD,

3. 2020%DET IV

BOIRLIZR D0, ITFEOHRDNAMNEIZE > T, I3 —r v "OYHRR?—
HOTF B T AN & BEIICIZIER—TH D Z ERHLNIT 2T, B
Z X, Lazaridis etal. (2016) DMToleERDHITICE D & FEHB IO I —n
XOMHFT AL AL, 7T NI TOEBRLFEILZ ZAXIZE L TWS, £
7-. Valdioseraetal. (2018) X, A1 L OHHIF AN ~OEEH I —1 v /3%
FHERER (WHG) OBEIFGZHH~, R D TR (FFRCX 2B (12
MZLEYTHHR LR TiX, 4%KmM) ZE&E2RLTNWD, 2FD, ZbHD
HIROMMERIL, AREETWINRERTHD, L, ZOBETEHEERD
X, TEHIOFFHERER D BEFOIEN VI TR LTI L 72 o - HETH 5,
FEES. Valdioseraetal. (2018) 73 A4 v OFHIE AR A ZHRR- L =2 A, &Il
BN ER>TWe (FlE, 2 0%,

KIGIFFTEIE OB THDHN, TO—FH T, 2V MNERESS Y 7 74 T E—
IR DOF A ZRRF AL, TEHOIFHERER O MG EZ (<) 5l TnbH 2 &EER
TIX72 5720y (Jones et al. 2017; Mathieson et al. 2018), T 72 b, gAERTH 5 A
REMED BV,

INHOMBAERRT H7-012, 199 60T VAL LT (Aoki2020), #Hr
LWET VI,

F, =DE,, +r-F[1—-(F+C)/K—wH/L],
C;=DCyy +1.C[1—(F+C)/K—pH/L] + e(F + C)H,
H,=DCy +1ryH[1—H/L—q(F+C)/K]—e(F+ C)H

Thb, EEDIE, BREFENREROMOBMIR LML 2 AICh D, T
A w & plE, FERERIER STV E TV ER L Al 2 FC ORIkt L C R E 54
FEART, —H, q1F GOREERN) ERAHERE RO G 2 5 mil
HETH D,

X 2 \THATIER (2T T3y b)) O—BlErRt, TORMTHH,
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F. D NAFEN OGO HMEEFE LRV, 521, ARERRIFBREINE
NERTIRAT D, ZOREDTHNIZCOWTIE, D& AT —ZNFIELRN
(7272 L. Shennan et al. 2013; Silva & Vander Linden 2017 ZH#),

|

0 X

2 e =1c=1y, eL/r; =0.01, eK/ry = 0.15,w = 0.5,p = 0.9,q = 0.1.

EZAT, ZOXIRBPFEOENDTZDD = DOMELRMEN p>wtel/re. w<
177> q+eK/ry <1 ThHD, LVDITF, H—DFRMHIE, FIHEIERDOFAENIK
BRI bERmEROBEEEZ R IE L s iy (p>w) 2 EE2ERT
Do ZDOEIBEHDBENLT HTEOIIE, EOXIRRUPEZZENDHTHA D
D2 e h BIRZeEIRIE, BRRERA D &b EEMOIFHERER Th T Z &0 b,
HRAOmE OJEFEHNITE L TV ET5E2ThHD, b —DODRRES
TR, AREROFRIBA (FEM, RO y) »BNE7e-> Ty (Olalde et al.
2014; Allentoft et al. 2015) 7=, #fiiz#ET 7= LV HE X TH D,

Flo. FBoBIOE —OFMITE BT, BAE e /S RITIERLRNW &
EEWT D,

4. Y R ENE L Al

EHFEBIRFOT—ZITEE L, 3—r v SOMBEOILA 0 IZET 5 H
FmAOMEZElX . Ammerman & Cavalli-Sforza (1971, 1973) IZhhE 5. ZOHF AL, R
FERDPOHEE SN B OIEN © O E—EME, 36 X OV HAYEREERIZ DUV T
BIRINDHIHB AR DOFIETH -T2, TOHRDOERDNAMIEIZL-T, 7F KV
T HROF AR RN D AAIERIC L > THHEHN L 726 Sz 2 ERI LIS
20, ZOJEREE LT, 2 ORMBLAR D EREORIZEE S S A TRV AR
PEMER < TR X7z,

BT, HREROMMEBHIER G ICHIEN D . 2 2 THHE—EMES TR
2D N> TS (Gangal etal. 2014), —J7, AAROKHEFIEDILA D IZ-DOWT
X, RAIMEDRZRD ST, F2ZFOHNFTOIERIHE - TR,

SR SULDIEN © OHE—EMEIL, BFFOSE (K1) TERBoLE (M2)
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APLDTEEOBFRIC OV TRE L7TcWE B o Tn s,
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A three-population model for the European early Neolithic

Kenichi Aoki
Meiji University

Abstract: Ancient DNA studies have shown that early farming spread through most of Europe
by the range expansion of farmers of Anatolian origin rather than by the conversion to
farming of the local hunter-gatherers, and have confirmed that these hunter-gatherers
continued to coexist with the incoming farmers. I extend a previous three-population wave-
of-advance model to accommodate these new findings, and derive the conditions supportive
of such a scenario in terms of the relative magnitudes of the parameters. The revised model
predicts that the conversion rate must, not surprisingly, be low, but also that the hunter-
gatherers must compete more strongly with the converted farmers than with the alien farmers.
Moreover, the farmers may spread at well below their carrying capacity. In addition I
speculate that a similar approach may prove useful in interpreting the ANE ancestry gradient
seen in current East Asian populations.
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NRUFTIT77uy=r FTE AL B HEER L Lo TT 7 2o B AR
RIZEHHET LD T —Z X—=2DIE A O TE e, ZOT7—F X=X T,

Shea(ROI3NZ L VW EREINTZ 2 DAT— REIRE L (XL ATVT7TE—F) %
AT, 1A Y— CUbE) 250 Tnb, flziE, 51 A4 vY—nE—F
AZHTHAOHERRESNTNDHEX, ZOLAP—OIEH AIZIZ1BAT
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INAET =2y NESHTT 57200 BEET VA ZILE CTREIcHFsE LT
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10 BEREERRERRE etal. Q02)IZHBWVTIE, 2fH~RY hALET
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2 40 e 8 0 500 Kobayashi et al., 2021)iE 3T AR
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DOREIX, HEVICHLZDEBPRKE W=, BHL TR LD, 2D X910, RBFFED
SAVIGEET VOREN L, HIEEBOBRE VWS BLEANOCERETHZ LN TE S,

3.5858

EFED Best-of - KARIZEZNE L2 BT T VO o2 L T, SULEE D7t E]

GiEpRiREf) 2 FRIT 2BRICIL, ROMHEEBICHER T RXETHL Z LB REBIN
Teo BARBIZIE, BERSR —ALETAHEDBREWVGE, 2FDat—3Inod v
2H LIIFEFICEGICBIEIN D L 5 B E OS2I, WIFREIRREH A F5E E
FBLTLE S, 20X 725a. BEmn 72 I ERRER I3 O AR 2 3 5 -
ATCLEITHAIND, MRITRESCEMOBENE(L L TsZRen —/LET
VNS DX RGAE LN EELEEZHB RN THA S, BEAENIIAMIE T
BRELBDST-OT, ZORRIL, AMEOHHEET LIERESRNDHA—/—27 1
T4 TNV S B LI E I CERWATRRMENm W E VD Z & AR LT
%o LToMo T, KOBIEMRRNEE Z L7 01F, 72 & 2 IXEERIIEEOE %
Ho TNWTC, WELERIIMRAFERE L LI T 2 B2 50NREWNE LU
RN, ETo, NI A=FICHRICKMAER Z AN DL ERROFERE L TiEH Y
251259,

XV Z . AT, BERAEIR LMY A AN ORER, v — /L ET VK
RO EAREZR SO RN LA~ FUTHRPI N E N L 2R LT AT, SUBTEE DA
REM OB RWVNCEBR LT E 2D, V77 VT 0 VTR, WIFrEpkEs
PRIV b BERNREAE & 20T, BfFO 7 —Z 12w L CEAR 22 UbIBE
DOREPERFRNCDOWTERTAHZ LT, SIFEBEOH L Z L Tidn b s,
L, ZOHOIZiE, FT =BT NVERGRERE WS TZNT A—Z %2 LIE
T —2mOHEET HMENDH D, £ Z T, Nakamura et al. (2020)D K 9 7235 A —
K HETE & FREIC T D Fikim EMAGDENE, 727 VT 4 DAFEICH D Z L3
LT IEICIR > T, ZU 72 B0 WRREIER R 2 HEE 5 Z E N A[RETE A 9, F%
&72 7% 5 Nakamura et al. (2020) & Kobayashi et al. (2021)X72272 V) 572 238 2 B 7=
BHET L THD, T72b05, AIEIIAXEHA LV TCOBEEZH > TWT, HEH
NOREEIZFZE RIS L T2 03t LT, BHFEITEMANOBIED ZZ P> T
5o TFRAIZIE. Nakamura et al. (2020) & —EMEDO & 5 E 7 /L CHEBREF O 08T 217
IMIMERH D725 9,

NUFT T OF—F_X=2 AT H8RITIE, &7 87 Ly VOERRENR
BT AEHEOBIT LT —2NMEE A ER N E WD RIEMN S 5 (Nishiaki et al.,
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submitted), & P2 T DAEMANERM OFIE & HEEFEROBIHL 4% IR
(AT D Z L I D,

51 F 3CHR

Kobayashi, Y., Kurokawa, S., Ishii, T., Wakano, J. Y., 2021. Time to extinction of a cultural
trait in an overlapping generation model. Theoretical Population Biology 137, 32-45.

Nakamura, M., Wakano, J. Y., Aoki, K., Kobayashi, Y., 2020. The popularity spectrum applied
to a cross-cultural question. Theoretical Population Biology 133, 104-116.

Nishiaki, Y., Tamur, K., Suzuki, M., Nakamura, M., Kato, S., Nakagawa, K., Yamaoka, T.,
Noguchi, A., Kondo, Y., Kobayashi, Y., Spatiotemporal variability in lithic technology of
Middle-to-Upper Paleolithic Asia: A new dataset and its statistical analyses. Quaternary
International, submitted.

Shea, J., 2013. Lithic modes A-I: a new framework for describing global-scale variation in
stone tool technology illustrated with evidence from the East Mediterranean Levant.
Journal of Archaeological Method and Theory 20 (1), 151-186.
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Theoretical exploration of the time to extinction of a cultural trait

Yutaka Kobayashi

School of Economics and Management, Kochi University of Technology

The expected time to extinction of a cultural trait in an overlapping generation model was
computed under the assumption of the best-of-K transmission. It is found that the expected
extinction time increases with the number of role models per newborn K, the transmission rate
of the cultural trait £, and the initial number of individuals carrying the trait i. On the other hand,
the effect of population size is non-trivial, dependent on other parameters. Most remarkably,
the behavior of the system differs qualitatively between when KA<1 and when KA>1. In the
former case, the expected extinction time is finite, while in the latter case it virtually diverges.
It turns out that this apparent divergence can be understood in terms of phase transition theory,

analyzing a branching process which approximates the system when population size is large.
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Ll ERHBIN AN DOEXUR DG 2 2 528 Ditat it

HRREZE (BTEREEWT SR MRS AR )

1 IXL®IC

RIS ED LS AT 203 S FIERERHEESIND L EZ OIS, XfECARE
RV LBRFEEIIIEHATERNWH DDV DS 5, ARETIFAROIEREIM (E—F) O
fi ke ORICH 220d LAVRWHEINEZ, 7 — XIS & o TIRRINITR o ZRR 2 #r
EIEAY

2 F—24
21 NLA77 DB

RUATY7ITuY =7 PTERE N, HHIHARERRD S BRIIBASRR 2T TOAERE
B (E—F) o7 =&+ v b (PADB) % f\/z (Nishiaki et al., submitted), 2D 7 —Xt v
MIXFIERMMEBLZIERL TVEH, DITTEAIETHER L25DAICOWTHEHT %,

T—=RIE2D0DT—=TNA0oK5, $FT7ITICHMT 5 466 EED 7 — 70X, FEIFOFERE
BERPERL T3, K919 XXLBD T — 7, ZOXXLEORTRET 2885, LR (),
ADPBTET2UMDE-RZNZTNDRZENTVE0ELOFMmBEELZ IERL TWVW5,

2.1.1 3Z{bEFHA

Nishiaki et al. (submitted) THRE N7z, XLEOREDEL S 3 DORAX 2 M L 7.
SUEDORA Y XBIF 2 72, ALRHH L FEXR, Period 1 (ca. 48 ka 22 & D di\WWsZ{bJ&), Period 2
(ca. 48-40 ka), Period 3 (ca. 40-20 ka) DR &7 %,

2.1.2 @EjIE
LUF 3 moRiLEE L 72,

1. ZHoxGHR e LT, FXLBICEEN 2 E— F OB Z DR RAELUT 228 5 O Fm PR E
(#modes) ZEBHIL 7z,
2. MEHENTOEHEMELZHEMR T 2720, RIEBEPZITEL2H00VUIED ©bH 25 3LEIETHERMN L

17
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o BRIICIE, KREBED2SEED 10% MU L 7% % E— FROCIERED 0.4689956 £ v
FUF (BE—=F28 TEENS) &RV OFIED 5 B2 0AB UL ED 10% M
T) 7%E— RERIL =

3. BIOREEEICIA T, EEZEML, Google Cloud Platform @ API % FH L & ¥
DIEFEEE D HHUF L 7{8 % Wiz,

BARHNG, LA D 24 €£—F (RWL ERE D T, bRl 2 0fETHRIN S eh o 424
B (=7 y P eWR) ZofoiRe Uiz,
22 mRMEIZal—>3v

RS TVZEIRGUEY I 2L — a VFIRDT— X1 v &AW (Brown et al., 2018) .
CHSEBOMFRERE DT — &2y b T, BUH» 5K 330 HHERTE T 12 ORHH (b
J& DI & XA 3 % 72 D XURRHHA & '.50) OBAFHEE O KR & KRB 3 2 K& D 7 2 X [Hi{%
ThHs (R, BEEIZELTI05 (K 20km) OF—&%H\iz,

R HHLEERES I 2L—YaryoF—&ty b,

S fizir ] 7~ FR SCHR

R cur 1979-2003  Karger et al. (2017)
IR LH 4.2-0.3 ka  Fordham et al. (2017)
FRISERT It LH 8.326-4.2 ka  Fordham et al. (2017)
RiTHAZEHT I EH 11.7-8.326 ka  Fordham et al. (2017)
¥RV 7 RIKIA YDS 12.9-11.7 ka  Fordham et al. (2017)
Bolling-Allergd #ifEVKH]  BA 14.7-12.9 ka  Fordham et al. (2017)
Heinrich iK#] 1 HS1 17.0-14.7 ka  Fordham et al. (2017)
IRASK MR 2] LGM ca. 21 ka Karger et al. (2017)
ALK LIG ca. 130 ka  Otto-Bliesner (2006)
Bt MIS19 MIS19 ca. 787 ka  Brown et al. (2018)

PR R TH R 1 mPWP 3.205 Ma  Hill (2015)

e i M2 M2 ca. 3.3 Ma  Dolan et al. (2015)

BREREHO T — Z I RBE L ILICOE 14-19 © THEKEZEE (bioclimatic variables) | #
PERLTW3, EXEERE, ZOBEOKRBKEICHETZXEIIEAMAIETH S (£ 2),
cur 75 LIG ¥ T 9 K[BERHHIZ zh 20 19 28, MIS19 25 M2 ¥£T 3 KERFHAIE 14 28
(bio_ 2,3,5,6,7 23R¥%) %IRRT 5 DT, Gt 213 OEGRL 425,
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x® 2. ERIREH DT,

LRI

bio_ 1 I SR

bio_ 2 PR S 7

bio 3 FiEME (bio_2 / bio_7)
bio_ 4 SimOZEHIE (BRHERZE)
bio_5 i bE H DR KR

bio_ 6 & 7Em H O RARKUR

bio 7 R SR A

bio_ 8 TP O 5] R
bio_9 IRV O SR

bio 10 BB U 0 S AR
bio 11 RISV oS RIR

bio_ 12 GRS

bio_ 13 I H Ok E

bio_ 14 EZIR A OBk R

bio_ 15 oKk ozt (ZEIRED
bio_ 16 AP B o Rk &

bio 17 AR O K&
bio 18 B U HI D Rk &
bio 19 FESCHUED D)%Y/ Sy

2.2.1 @R

PADB O 466 @I OFARE IS T 2L (FEE S NEEICHOE T % 4 ) oL E
ZRDED & MR (bilinear interpolation) U7-fE% Z OEMOESIELE L L THH L,
fENT I W=,

3 FH&
31 #—47'y b CESREBR L QBRI

42 DR =7y b 12 ez e TOAEKUIRZER L OBRZRTIST 2720, LUT 2 B0
MR IET 21T - 720

L. &&=y b e ERBREB DT -2 Z2FE L, 7YX L7+ VA METNE(ES (Breiman,
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2001),
2. EFAORATHIOMENHE (MD ZFHT 5.

Z YR N7 x LA MZIE Wright and Ziegler (2017) OFEEEZ Wiz, IREARDAE (num. trees)
1F 501 A&, /N — M (min.node.size) 13 1, 7H DL —)L (splitrule) & Gini 77| (gini)
WEDE L, 7ENME S ZHO (mtry) 227V v FEERL TET LV OREZIT o 72, RiBE{LDE:
HEIZIZIEE RO 3 EI#EDIR U 10 DHIZEEMGEZ AV,

M1 272 % & 5L S NIREITH Qr p OHENEHRE 1(T; B) 1%

H[Q7] + H[Qp] — H[Qr 5] (1)

THEZ2BN %, 2720 Qp & BXOWTHEIL LR =5 v DM, Qp & TIZOWTEMIL
LESIEEBIC X 2 PR RODHTH %, T2, 9 Pl T

H[P]=—)_P,log, P,
%

TH b, (THREINDGEEEZDETDA VT v 7 AZODWTHIZE L %,

MHHEEHRED 0 1hTHUE, X—5"y b e ESREEBIC X 2 THRSR e 2B L 72w, $hbb
2 —4"y b 2 EREER ORICEGRD 72V L 2RE T 5, HAEERED 11 iud (RAE
X1, WHEDRD B 2 ERET 5,

o=, EREEHTREE L UEHREZHWEZZ =5y hOFHIBITOVHEEREZZEL
Too MEEHE LTI, BREDOAZHAVESE RIS TESEHWILEEHEL 2

32 BREEOMREELIVLELETOE—7y M ERIEER L OBRDETA

ASBEARIIFAEZIC L > TRELWE S DL, =7y MDPERBERT IS FHlTELrD L
Wo T, X—=5y FODMHBKIRCEKBRICHEINT VWS EE X 5 DIFHRET, FEIFHICHEEE
BERZIDPBIESLDVTWVWIDNRS LKL, ZOZL2ERT LD, BEBEICI3MREZEL
FlWwie ETo & =7 v b e AEKIBEER e OfRE, S EHEAEEREZH VTR L,

A1 &2 &S WCEREEN RS TS Qr g WX LT, SN SMHENRE [(T;B |
L)

—H[Q.]+ H[Qr |+ H[Qp ]| — HQr 5] (2)

THEABNS, TITQp dBROWTHEIAELZX =5y + L RIS K 2 FHIKER . OF
R0, Qpp (& TIZOWTRHEL L 72 SURZR L IR 2 W 2 3Us & 2 T HIKE RO [FIR 216,
Qp X T, BIZOW TR L 7RI & 2 TRIFER O TH 5,
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4 R
41 B—5v L ESBRER L OBEF

BEEAYDR—Fy MZBWT, AXELH e OMEERE Y, MBEER EERV UREE
M UtER) £ OMABHREIITAREREZRZR SR D 57 (Period 1 D F1, Period 2 @ B, Period
3 ® D1 DAl Grubbs BET 5% AE)e TDIEIE, X—7 v PADKIEDHEDIZL A YIX
MY 72 722 CRIPHC & 2 A[REME R RIB T 5,

Period 1 7256 31203 T, EEMIHEBEBEHREIHD LT LY FRBEIATE (K 1),
RRDSHET IEN T — RAZREREE (TROBZHRHIE) N L Tw oz Z b B KL
TV EEZLNS,

42 BREOMRZELSIVELETOY—7 Y M EEREBEZH L DRER

FREEOMREELII L, R1EALNLBID FL Y RARIRD, HFiEDL2 (K 2),
F§1Z Period 2 ® D3, D7, £— FH (#modes) THMT ZMHAEBHELSKZ WV, 2% D, Zhb
DER—=7"y MZDOWTIE, Bl & 5 REHEE T H XURDEVIC & o TZ DFEMATRE S N5 HFAH
LERSTNI N

5 HHDIC

T— RO KBEPHBEEZROE LT, ZDOKRIBTIIHIRNIZENTHATE 2 Z 2 2HS
Mo Tz, FRHC, 2O X5 RHIBZEOREZZ LT W T b R BR LK EE O (8 4.2)
¥/ FE R XNz, Period 2 TREZD XS 72E— F XL OB R SN 2 DI ERDEHE L
MIREZDY, 1 OIREGERR L TARREK R 5,

Period 2 1ZFHIHT ADMIEEL L T o 72 RHIC 72 % (Nishiaki et al., submitted), Z® & 5 %l
BTN e 2D N e DR WHIBICHFE L Tw e EZ 6N 5, A L3RR 5 &5BICH
B LN AL BERR 2 E— N2 o GRWHBICFEICEE T UL, Lo X5 Rz
ATHHIhRVEEL E— Fe oS RONE 22255, LRl ORI Z OrRed % ZFd
2HDTEBRNESLSIH?

BZ 3k

Breiman, L. (2001). Random forests. Machine Learning, 45(1), 5-32. https://doi.org/10.1023/a:
1010933404324
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Statistical analysis of the effect of paleoclimate on the distributions of lithic technology

Mitsuhiro Nakamura

Meiji University

Abstract: Distribution of culture would be affected by several factors, in which environmental
causes such as climate and ecology are important. I show the results of statistical analysis
searching for possible correlation structures between the distributions of paleoclimate and
lithic technology during the Middle-to-Upper Paleolithic periods in Asia. Although most
correlations between paleoclimate and lithic technology can be explained by regional variation,

a few of lithic technology were affected by non-regional variation of paleoclimate.
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FEIHAHRROIL—F > T DALICHT 27 /) Lit%E

FHIBAERREROI—F > TDALICET 27 7 LR

R4z
BT

HAENBICEET 257 7 2% 1R, KE»IcE LiBED B RERICE T 58
% {3 D L JH 0 Y F R (BB B 2 WIZTERE P R, B R
TR B R BRI e &0 N ERE, & 5 WigHkEDmEKk>2FE O T v XY
—/fHAEREFE) ZHALPICLTE 2, &9 L2EYIERICIZZ v — 7N OEER-
DL LG (Sikora et al. 2017). & %\ F 7V — TR OEIEH 7 501k
SLHIPRIY A AC (Lazaridis et al. 2014, 2016; Haak et al. 2015; Jones et al. 2015) 7x
. b PofTEIC AL L FERRICBR L 2 IE R E T NS, X 6T, THHOFF
BRED o BHHEER~DBAITICHE S KB, s L UECKECHOEICH
T 2255 (Olalde et al. 2014 ; Allentoft et al. 2015; Mathieson et al. 2015), [
SIS U 7 FUBEME ICBE b 2 4 % (Burger et al. 2020; Satta and Takahata
2020), HBVIEZ7 Y —v F v FD XS RIERHCT Ry PO kS GEiTo/R
i > £ 5 (Racimo et al. 2017; Zhang X. et al. 2020) 72 & d 7 /7 LK En
TWwb, L2L, 29 LEYERZ T CIRIRENEHDOERBZFEN R DA S
2CHYERT 7 AR LI R R IREL LT 70 —F 325 2 LB EE (H
Fk2020), 55 T AL ZoESTRERFETH Y, HRT 7 LWL & ITHES
FRBRAf I NG, 7/ A TERLTh2 bR (F) FE¥oizRmdTb
2> 0 LI, dbRticiEHER O 4 T ERTO HAE TH % (TY: Tianyuan),
TY O R DIEF IZE VA, Z T HERICH 7 — Y ZE Tz 720 L HEl &
N3 L (TAN2020), 27 = 7ikEH» O LRI & AL L 7258t b Rk
D XALIEHRTH % (Jacobs et al. 2019; Douka et al. 2019; Dennell 2019), 7272 L
HRADEARICEIL CTld, T4~y 7 Itanuxey 7 IonERHZFHL -
== LR D H B (Toups et al. 2011; Ascunce et al. 2013), A&
FHFA LD X5 iRl zE T 2. HT 7 s offionzdta -7 D
ANZ BT 2HBA 2RI, ZFHANT 7 —F LI bR 5HEDKRDH»T
HDfEE L7z,

b2 —7 v 75HEH

BAE NFEIZH 5 77 8000 fERTICEE R T 7 U A%iTWw, LY 7 v FulicE
HREE L2 XA T VTAR =L ERML, 0B - TR 7T
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KB 2 ERoOMBPI N E2ERT, ZoRENEER O —onEHRIE2 -7 >
7 # M (ANE: Ancient North Eurasians) T® %, S HIHFE AL DEELL 2 5%
P E®D ANE #Ht %% 52 7k < (Reich 2018), FTHHEH I RY T D~ v
(Mansi) %> ¥ 7 4 (Khanty) Tl% 57%I1C b # 9 % (Wong et al. 2017), [EIERIC,
N TIREOFHRER EMIINE =2 A )T O 7 v F (Ket) 13, 27-43%
ANE 3% T & % (Flegontov et al. 2016),

X1, 5778000 FERTICHE _XET 7V HLEHRENEERA L, K4
J7 7000 FRTICE & 2R/ — T > TEMO SR & ILEUCEE 3 2 %
X, EFEoHEE (FM 2019) Ik x 2 Kic v A F 4 > 4 (Ust'Ishim)
KEDLIL— T =V T LORMGEHMELICEHETOBEZMZ TH
5. T TRORTITICEZL—F DS bl Y F2—F 27
EFOPLHL— b, FE D IFHRL— T > TEFOILHEL — ., BT
T NECEBOFENR (FAERAL),

b7 L oHT-BEANBMOMBILEBIL—F (kya)
B ek iSoonchns

A7 rFaz—r2n G0
I3 F=voRu Om)

HeHe ANE 33 —ua v AT XY AeERoM@EMHELE LT, HEmWIc
F DFENTFHEI X N2 TH - 7= (Patterson et al. 2012), % D 7= & 4 ¢ 12K 1H
DI =R MEFITH > 722, 2HEBICIZERT ) 200 FHEEY OTFELHS
2T 7% o 72 (Raghavan et al. 2014), TN N4 AL~ U &2 & H
FLE2HAE~Y) AR —4(MA-D)TH B, £ ZAT, BHEMA-1OF /) L+
iREE TR I TR n(Ix), ZOEEEEEZ S & I HICEKEDR
HF—2BEFE L, =V EXAFR—4ITNFETHITNIX—2 2 EMEEICIR - T
Wb DT, MBI wbIT TRy, MA-1 icflE& I3 ANE 13, HAH
Yanal,2(Sikora et al. 2019) & & b ICH R R Y THHLEI XY 7Ficnw=EHdE
21— T7OEMEEK T %2, ANE & Yanal,2 iIcfiEE X415 ANS(Ancient

28



FEIHAHRROIL—F > T DALICHT 27 /) Lit%E

North Siberians) iz 7 L — F#{EV . I —1 v ~EF(EUR) & 13 4 J7FERTLARTIC
ﬁj\lﬂﬁi L 7z, Sikoraetal. (2019)TlZ ANS ® /525 ANE X Y b EEAHIRZ 52 %

T AV AREROMHEROEE I —v v NER~DEE R LI ANE Ot

Tl 7\, fAlic LTdh, 4775000 FFERT2 5 LGM £ % T4 A iz dui &

L7z i3 ANE 2886 I/ L Tz, & otk i3 o =« 4 JIIFg o
AfontovaGora2,3 (17 7000 4EHT) 125 < 23(Raghavan et al., 2014), f&IET
1334 A AHIRIC 51T 5 Ust'Kyakhta3 7z & O FraaaRe RO O L H < & gL X
T 5 (Yu et al. 2020),

R TEM

MA-1 1% 2 /5 4000 i ANE H AETH 525, HT7 V7 A(EAS) DR
ik 17%2EET 5, TTIRHTYTANEDORMPEE CnWiz/zoTh b, ¥
7-%& v I Salkhit 2> 5 1% 3 77 4000 FErioH AEHAH L L Ty 3 285(mtDNA
IZ 2Tl Deviese et al. 2019), %z OtHIER:ED 2/3 1 EAS TH Y o 1/3
IZ ANS F 7213 ANE T®» % (Massilani et al. 2020), ZD X HICHT Y TICIT
I R R 5 EAS 28 E{E L Tz, ZoREDOHANE D 4 JiFERTO TY T
5,
IMS@H/Amﬁ‘%%ﬁ<2@ﬁ@f~yvf/Aamalnéﬂﬁa@e
%Bﬁ> 5u>ﬂﬁﬁﬁva&101%uiuJfbfuwSTY 3 0.13%, Salkhit
i 0.12%TH 2, ATV TNAE—NELFEIER 7=V 7 OHHICH XM Z
t%%ﬁﬁikﬁ@#ﬁw~k%%ﬂiéifﬁw1%éoD2iﬁtmim@
4»%4ymE%#&&iLt4ﬁ5m0¢m@ﬁAﬂmemdmaﬂ2m®
ZEE, £ TCOHRHI—F U TERICEREL T3 I L2 OO R WEICHE
ﬁ7/7ﬁLf§%ﬁtgth@#ﬁ“ouﬂimwﬂmb@éﬁ@ow_
FERC, W7 T bl E L2 BRI S (K1), —F, DO D&
B X - M IEHERI L ic < v, DO X D2 % 2 5 42 7 N RINICESE
LTWw2 DI IClkR_T7TA %4 - T2V 7(F=V735) OF 7 Licb-ob bk
WZ ED b, ANE DIEBUEHICT AV 2 A MG CRMEPERE - LT L TE /2
(B4 2020), L2>L. MA-1 % Yanal,2 ICE@&E LT =V 75 7 LERDTH
0.04~0.06%TH 2 Z &, 0.2 M BEDEXZ2b2o7=v 77 7 AWiH
TY % Salkhit Tl 18~20 i cH 2 D Iicxf L < MA-1 % Yanal,2 Tl 3~6 fiil &
VPETH DT LI, REPHET V7 TiRe & ANE ISRl L 72l Retk 25 &
v, R, AFEHOF v R X AR (477 7000 /1 — 4 77 2000 /i) Tl
ATV T vASBHEHAELELCEY, FEIEHCEAT v TAZ =L E2ET =
V7L ORHEMDEEL CoRREE D IE I T3 (720 2020),

F Ry b ADEHGEIGICRR L 72 EPASI BT TF =V VHkEEz NS,
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L L 2o7 =y 7IRHMAE T~ v b B0 (R B i L7 16 48R
O T5HH (Chen et al. 2019) T2 5B o7 4 DD X 4 7D mtDNA (Zhang
D. et al. 2020) & (ZE R v, Fy b NICEHE TR S 15 S G
EPASTIZHED O BH L 2 RBHRIERTH Y D0 X 4 7L D& H % (Zhang
X. et al. 2020), 475 3000 4FHIIC T =V 7 & ORI R AHE THERF S
TV DA, 17 2000 FIFERi2ALTFy F ANOBTHEHEZBE L2095,
ZNTIEZDZH L TRHMSRE Dh 2 BETHHEAICIE EPAST % b D
A2 T &R CIGE O A F AU 26 F =y b ~EHRO
TEHD B o 72 2 & 72 &5 & (Bellwood 2005), A EHLES CEHE 2SS & 72 5> b AL
T falic LTd DO ISR L =R M D fth iz . TY. Salkhit, MA-1, Yanal,2
DO L D22ED L) REGTREL TV 025 %OMKS 2 ETH 5,
RO —F > TRES L FICEN T ALRW LIE, hEO TY L=
¥ — D AB Goyet Q116-1 (~ 3 J7 5000 4EHi) DT LBETFRRD v 75
NDH BT Ll AEETH 5, 4 JTERIUATIO 22— T > 7 KEEZ #5280
I 1% ANE % Ust'Ishim D H23 & 72 0 ki) 2 il & 7z L 72 0 22 b HlL 7
Vo bk Zdba— 7 o TEREOBIER 2 B3 Y 1B 5 EROT T ORER(X 2)
Tlid, B OHEEHN o mAR O N5, REDEMIZ. G D7 I AKX —L7o
TWBHRT Y7 EMP 5 WHG, Mal'ta/EHG, FAM @ 3 THAIC [ 2> > TR L
T3,

M2, I —wy SFHEER (WHG), dfldb=—7 > 7 & H
(Mal'ta - MA-1) &3 —nm v SFFERER (EHG). 7 XV A1 5e(E
R (FAM) 1cBg9 2 E55r 1 () & 2 Gt . Ning etal. (2020)
AQUR

o) PC3,8%

—_— adm. Mayen o =005

‘%" a%.,..w'~ O 0.00

0 - A0 O 005

4 o W
0.10
o (] o @ Aﬂubar,hAr\vO o
(o) wgtac o () 0.14

~0.20
-0.10

B Kol o .()00
@ owadun g, 0.08
%, Kipesters | SHATUS
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PC2, 23% variance explained
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0_5
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HEFEILD O 7 L= AJIEHE Iy 7 =Y 7R a A< ICELTT, HTY
7 EMOIEKIZVIADILEARE D 5l 2 hi & E A X 572, zodicid TY i
w7 N—7 b L BHERT v A= vEERICIGIL Tn e A vy (Ra— 7
T EEERD IRV — T b i, b v —F e Rt -5 7
D7 N— T, 3TTERTARTY & 2% 1 OFIEG CTRMMBE X 72, 7272 L
Jelc v X 51 Yanal,2 iIcfE X 113 ANS 13 & oM c B S L T in o

(Reich et al. 2012; Sikora et al. 2019), E#EIS L7-D1Z ANE TH %, EHC
DRMER IR S -7, Hl2iX, & AE Kolymal(9800 4FHij) <
Ust’Kyakhta3 (1 /7 4000 4Efif) b 25 LRMOERCTE -7V —-TICET S
B, R=V I TRE)T A AEEREIZR D D o 72 (Sikora et al. 2019; Yu
et al. 2020), TN LT TY A VI HKRORM IV — T3 7 —T &
EXICHEPFIOT A Y 1 N &7 o7 (FAM: First Americans), < 0)%.0)5[%&-%7&
HAERE X FAM O CTH Lo T b, ZODMOREMY LIERA, 2
HEREIZ T 7T ONDRERTHLAVARH Y FT —F I ¢waéoﬁ
NI LTy ANE oEREEIIEILT 2 Y 2 KEEICHLEL L 72D T (Posth et al.
2018; Pinotti et al. 2019), Xt DEkd b o7z E 2 b5, iz, ANE O
FHL b2 A (microblade) (FILKIC DRI L T3, 2L, 205
A FLZLUECEImTcH s, AN ZHFEHL S ko720, 25 %D FAM O
—H DTN —=TIZ DXL E D o T Wind o -0EEET L H B,

ANE & EAS OZ D D, L2 TRE 2, 2D X5 REMBENIZE D
MRERGL L 7= v O TICEE L2, T A Y A REEICIZ DO AREL, &0
L — b TN L 72272 R A IR EA TW B 28, DUTIC 3 mEH L T
% <{ (Raghavan et al. 2015; Llamas et al. 2016; Scheib et al. 2018; Moreno-Mayar
etal.2018a,b), ¥ 1ic, BEL— L DR LTHF X @7»»»—&}”%?‘?%
ICHEWT 3 2 OKAEERIC B3 2 98235 5, 2>D C DMK I[B]EE D J& 335 1
YoNZH v D ANAZDEEL T3 23, 1500km 12 2 352 @ B ERICHEAE 23 [ 15 L}\
DB A[EEIC T 5 7= D1 1 F7 2600 FFFiD Z & TH % (Pederson et al. 2016),
Z OHEE AT 177 4000 LERTLARTICH S £ v 7 - A TEIP T L - 217 4
AL D IET o D Z L TH VNG Z L T 2 A[EEMED & 5 53, FAM
DT AV HKPETOYIIATLEL (~ 177 6000 4E/T) 1ZEEKIAIEE & 1351 D L PE A
HinFELEZ 5N 3 (Waters 2019),

FE2IC BT AV A N1 1500 R0 T T 2 A o A USRI (Upward
SunRiver]) Tl VEMY &7 A U #454 K (South Native Americans)
THolehd L\, &5 LEFETIE, LTRSS 7 & — V)1 A3 5 4
GiofEfithcd v, ERMDO IRV v T Tld el LERYVTTH S
(Yu et al. 2020; Ning et al. 2020; cf. Scheib et al. 2018),

31



VAT Y 7 SRS FHIHTIEBOZ 20204 L 1t

2 31C ANE oflefiik. 177 2000 FEaiodhEEKRE H Lo H AHE
Houtaomuga (Ning et al. 2020) ®HAA & #EE A & b ffk7 7600 4FHT O A
& Devil’'sGate (Siska et al. 2017) i A Ty, & I Devil'sGate 137
L= HD N e bRtz b b BiZEE, & v~ vk, IR 7 & o it
M7y 7TRRAMZRT, b 20bo 3, MiaHNIZ LGM#liczc s ofE
I CEITL T, LAY e e o3kt 20<H 5,

HRIL2—5 > 7EMAD LGM 0 K58 & ik

LGM #1c7: % & EAS 2SPHICHER T 215N T, H B30I —w v oK
DHFEBICONT ANE S RY ¥ (77 VUfke ==k A JlIlofEoHits), X
LICIFY Iz CHI—a vy CPFICEEI L 72, FHgRERUED 22—
YT ATy TDANLICEET 2587 7 L0198 (Damgaard et al. 2018a) 1< X #uiE,
Z @ ANE 2353 —m v ~fFRERER (EHG) oE# oL TthHh s, v 7THL
D NE Sedelkino (177 1250 4£Ri) 1 EHG DERTH 5,

X3, 57 7 ZHERHL I L2 — T v T REEICE T 2 H4AE N
FAEF D K £ 2> 7 FF22 5314, Yang and Fu (2018) % (&, X7 ¢ AMER
EHHDIFTZZTDFAM D Z &, %72 Basal Eurasian & 5 % D (3 4
TYTFAR—NLEDRMERT T — R FEROD Z & CHED
3—n v NEH ORI 5

‘e -_’;':_-EAS 0}
 Evrasion?,” o 1 "
34~15 kya s = >
e i Toas -
{an-n- . 25558
SR o - AM(R--..,_”\'
14~7.5 kya e

EHG & 2 — 7% 2SR ER (CHG) oL, HlsRic ko THER
Y L+ Y XA E T %5 (CHG I 2W T ik Wang et al. 2019 &), Y4 F
X7 F PV THrLBELCEEERMR EEONIHRER P EFET 23 -1y
NRBEICKRBICEA - RML, HEDI —v v X2BET 5 ZKHLRED—D
& 7o 72 (Haak et al. 2015; Laminidis et al. 2018), % D% b ¥ L F ¥ O R
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2= T RT v 7EHEICHICHESE) - K LT 72 (Narasimhan et al. 2019;
Jeong et al. 2020), 7 v b D ANEfLRILE I D ADT L XA (X7 =
RXAb) TEHLZ-L 5 (Flegontovetal. 2016), HEE, HEADOEHELL E
78 5%LL > ANE % fH5e%3%1C b 2 (Reich 2018) ¢ EbNBFLUTH 5,
g e RIIHELNzD0b ., BOKEPBIWHBE LV Fx VA Y PR
NTeDOL—TF VT ATy 7 TH DS, SERICiZ NI R ICHAR B 2 RIT L
TR BB DA T vy THUCHIT 240 N T 7225, 2 ofFERx EEIHA
R O EFEL 2dt—Z > 7T D N A2 DY) - ALBIEEITHKILL 72 5
o7 (X3),

Bbhic

SO T 7 LR TIEYRY T, 2T, FEILEHAERICR S LA
bhd, 2—F3TRAT v 7YY T - 247 —3 BN SRRHR LI IC B
F3HEEL -7 TEMOML L Bl oTh 5, EHOBEICELEIHML »
MK g & %2 ORFIGEWERY /) 22 0E e T30, chTTcobyr /7 L0
T TAERIEE O ENH L vy 7o) PN OHREZIHS 26 LT
X7z, 2 LIEYERAE VAT VT ot 2 Mg 3 2 —~EoBFicik 3
TEEHARFL 720,
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BINRX b1, Y Beaihk oY) TR B

Y Befafkd I b2 F Y7 DNA(mtDNA) b @5 i 2 237 v (- <
TREITH D RMBCRIATE Z) T LB RERE NG AL <
W3, L LHER T 25D K& & 28 mtDNA TlIE 4 16kb TH 3 Dicxf L
T Y PRITBIED 7 — X2 TlE~10Mb & 500 f5LL Ed R oK T 2 2/
BIOREICKZ AN TS, Y Feufhko RfilHid, HAEANEHOH T 7V /1 O
A, HE2VIEZz0ROBEIE N\OBRAEDTES 77 4 v 75 Ebic
EEAEHREZRMET 2, FTdH 1000 A7/ 47 8mY =22 b (Auton et al. 2015)
LVEVR T ) LARET e 2 2+ (SGPD; Mallick et al. 2016) T 5L
TP REI NS, O Y REhkoRfiE iz, IET7 7V HERIZC D, E, F
Da4o>D Ta =7 (hg) % oM K (B »HK5, OHIEIFHE—
KRBT 7V A5~ 6 HERICEEZZ L EBENTHE, @ 2DHED LD
D hg B—FICHL LR TA2RHHLIET 7V A EF DT 7T 7 4 ICHEWHBE
BH5, O KLTHRET AV HBEROIEMERD DFEW MA-1 13 Q/R
(Yanal,2 i Ef7d hg ©% % PI). Anzickl % Kolymal % Q TH 2% (F1),
SGDP T 7 A V) AfERD T4 hg 13 2 fifk (C3b & Rlbla2ala) & @ F\»
T Qla2alal & Qla2alb TH Y, HEDO L RY FTILEHETALNLE, @ T
AV ARERICESEE A LS C3b i — 7 v 7 REEILHEISCHREEL, BT
TOIRTYTEETRY V=R, AYF 7, =T 7, FvarzhlicEdhLTn
% (Pinotti et al. 2019), 7z, Y L F YV ICEMHETHAD2 % R1b X Q/R T/
L. WP LA PET 7 THEL 72,

4, EX:IET 7V AEFICET 2 Y Bk 7 v 70— 70 R e
72X (Poznik et al. 2016), T — & 13 1000 A7/ L 7ua =7 + D 26 F£H
1244Y Hefafk (4.3x), #tdh (iR 133 EE PR E = 0.76 x 107°/BEfr/
FERE, TR :C3-M217 & Q-M242 D45y 24kt (Pinotti et al. 2019),
BBV ORLAERY 72T AY AEFEROANT v v —T,
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RHHEIFZEB02 20204F BE S =

#£1, 7000 FRi X WV HEWEHREAEDTY ) —&
LATF Ful6 72 &L B % i3 HLD3,

I XRERICH % Fuetal. (2016) DEWKRTH

%, Hi®D mtDNA & Y @ 25X, Z1Z i mtDNA & Y fafko 7o 7 v
Y FtafRoFlEk

— 7 %Y, mtDNA DECE A 7n W ilf N I RS

DI D T RER BN L2 BE®R T 5,

Pk 7 0 70— 71 KELT)TH 3 25,
QOINTIZFH - ICH O o 2B R
LTWw3, 2020 4EI
%X 37253, K=NO DEEIEIX T Tw7Za

I T DR

au\f“ ID %) #7.37\
7 (#) Ful4 Tl Usti’Ishim ©
[lumae et al. (2016)%° Wong et al.
DI K DY T o7 a s r—7 NO IZHHE

BT Y Gtk o R AT Hallast et al. (2020)

[FEm LTl Pavilovl ® Cla2 Tl

72 1 T»H b, Shamanka D%~ / 213 Damgaard et al. (2018b), mtDNA & Y ¢
ko717 v — 713 Moussa et al. (2016),

Sample Code References Age BP Culture Genetic Cluster mtDNA Y
(years)
Ustlshim Fu 14 45,020 Unassigned Unassigned NO #
Oasel Fu 15 39,610 Unassigned Unassigned N F
Tianyuan Yang 39,500 Unassigned EAS B K2b
Kostenkil4 Seguin-Orlando 37,470 Kostyonki Kostenkil4 U2 Clb*
BuranKaya3A Bennett 36,000 Gravettian Gravettian N1 CTorC
GoyetQ116-1 Fu 16 34,795 Aurignacian Unassigned Cla
Salkhit Massilani 34,425 Unassigned Unassigned N
Sunghir (4) Sikora 17 34,100 Unassigned Kostenkil4 Cla2
Muierii2 Fu 16 33,300 Unassigned Unassigned U6
Pagliccil33 Fu 16 32,895 Gravettian Vestonice US8c 1
Cioclovina Fu 16 32,435 Unassigned Unassigned U CT
Kostenkil2 Fu 16 32,415 Unassigned Kostenkil4 U2 CT
YanaRHS (2) Sikora 19 31,600 Unassigned ANS U P1
KremsWA3 Fu 16 30,970 Gravettian Vestonice Us 1
Vestonicel3 Fu l6 30,870 Gravettian Vestonice Uc CT
Vestonicel5 Fu l6 30,870 Gravettian Vestonice U5 BT
Vestonicel4 Fu l6 30,870 Gravettian Vestonice U
Pavlovl Ful6 30,260 Gravettian Vestonice Us Cla2 #
Vestonice43 Fu l6 30,010 Gravettian Vestonice U F
Vestonicel6 Fu l6 30,010 Gravettian Vestonice U5 Cla2
Ostuni2 Fu 16 28,975 Gravettian Vestonice U2
GoyetQ53-1 Fu 16 27,975 Gravettian Vestonice U2

36




FEIHAHRROIL—F > T DALICHT 27 /) Lit%E

Pagliccil08
Ostunil
GoyetQ376-19
GoyetQ56-16
Dzudzuana2,3
Maltal
El Miron
AfontovaGora3
AfontovaGora2
Rigneyl
HohleFels49
GoyetQ-2
Brillenhohle
HohleFels79
Burkhardtshohle
Taforalt
Ust’Kyakhta3
Villabruna
Bichon
ZBC
Satsurblia
Rochedane
Anzickl
HoutaomugaM45
Natufian
Iboussieres39
USRI, 2
IronGatesHG(40)
Sidelkino
Continenza
SpiritCave
LagoaSanta
ShukaKaa
Ranchot88
LesCloseaux13

Kolyma 1

Fu 16
Fu 16
Fu 16
Fu l6
Lazaridis 18
Raghavan
Fu 16
Fu 16
Raghavan
Fu 16
Fu 16
Fu 16
Fu 16
Fu 16
Fu 16
Loosdrecht
Yu
Fu 16
Jones
Feldman
Jones
Fu 16
Rasmussen 14
Ning
Lazaridis 16
Fu 16
Moreno-Mayar*
Mathieson
Damgaard®
Fu 16
Moreno-Mayar®
Moreno-Mayar®
Lindo
Fu l6
Fu 16

Sikora

27,750
27,620
27,515
26,320
25,400
24,305
18,720
16,710
16,710
15,465
15,130
15,005
14,780
14,670
14,615
14,500
14,000
13,980
13,665

13,50
13,255
12,960
12,600
12,000
11,840
11,725
11,500
11,500
11,250
10,855
10,700
10,400
10,300
10,085

9900

9800

Gravettian
Gravettian
Gravettian
Gravettian
Unassigned
Unassigned
Magdalenian
Unassigned
Unassigned
Magdalenian
Magdalenian
Magdalenian
Magdalenian
Magdalenian
Magdalenian
Iberomaurusian
Unassigned
Epigravettian
Azllian
Unassigned
Epigravettian
Epigravettian
Clovis
Early Neolithic
Epipaleolithic
Epigravettian
Denali complex
Unassigned
Unassigned
Mesolithic
Western stemmed
Unassigned
Maritime tradition
Mesolithic
Mesolithic

Unassigned

Vestonice

Vestonice

Vestonice

Vestonice

CHG

ANE

El Miron

ANE

ANE

El Miron

El Miron

El Miron

El Miron

El Miron

El Miron

Natufian

APS

Villabruna

Villabruna

AHG

Saturblia

Villabruna

SNA

ARB

NHG

Villabruna

AB

WHG/EHG

EHG

Villabruna

SNA

SNA

FAM

Villabruna

Villabruna

APS

U234789
M
U2
U2
ué6
8]
Usb

R1b

U234789
U8a
U8a
U8a
U8a
U8a

U6~M1

US5b2b
USblh
K2b
K3
U5b2b
D4h3a
B4cla2
Nl1b
U5b2b
Clb, B2

U/K1/H

U5bl
D1
D4h3a
D4h3a
USbl
Usa2

Glb

CT

QR

HIJK

M-78
C2bl
R1bl
12
Cla2

12

Q-Z780

CT

Q-M848

Q-M848

Qlalb
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Kotias Jones 9720 Mesolithic Saturblia Hl13c J
Hum2 Gunther 9452 Mesolithic SHG USald 12
Falkenstein Fu 16 9200 Mesolithic Villabruna USa2c F
Hotu IIIb Lazaridis 16 9119 Mesolithic Iran_N J
SF12 Gunther 9033 Mesolithic SHG U4al
Kennewick Man Rasmussen 15 8400 Unassigned NNA X2a Q-M3
Karelia Haak 8375 Mesolithic EHG Clg Rlal
Bockstein Fu 16 8265 Mesolithic Villabruna Usbldl
Ofnet Fu 16 8245 Mesolithic Villabruna Usbldl
Chaudardes1 Fu 16 8205 Mesolithic Villabruna U5blb I
Hora (2) Skoglund 8173 Unassigned Unassigned
Loschbour Lazaridis 14 8050 Mesolithic Villabruna USbla 12alb
LaBranal Olalde 7815 Mesolithic Villabruna USb2cl Cla2
Hungarian, KO1 Gamba 7660 Neolithic Villabruna R3 12a
Samara Haak 7640 Neo-Eneolithic EHG USald R1bl
Motalal2 Lazaridis 14 7625 Mesolithic Unassigned U2el 12alb
Devil’s Gatel,2 Siska 7600 Unassigned ARB D4/M
ShamankaEN Damgaard" 7500 Kitoi A/C/D/G2a K-M9
BerryAuBac Fu 16 7245 Mesolithic Villabruna USbla 1
Stuttgart Lazaridis 14 7140 Early Neolithic Unassigned T2cldl
W&EC =
£

ANE: Ancient North Eurasians, ANS: Ancient North Siberians, AB: Ancient Beringians,
APS: Ancient Paleo-Siberians, ARB: Amur River Basin, EAS: East Asians, FAM: First

Americans, SNA: Southern Native Americans, NNA: Northern Native Americans.

FERER

AHG: Anatolia Hunter-Gatherers, CHG: Caucasus Hunter-Gatherers, EHG: Eastern
(European) Hunter-Gatherers, NHG: Natufian Hunter-Gatherers, SHG: Scandinavian
Hunter-Gatherers, WHG: Western (European) Hunter-Gatherers.
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A review about population genomics on Ancient North Eurasians

Naoyuki Takahata
The Graduate University for Advanced Studies

Abstract: As this is the final year of the Cultural History of PaleoAsia, it seems
appropriate and useful to summarize ancient population genomics carried out about
people who lived in Upper Paleolithic North Eurasia. This summary focused on four
ancient populations each with prominent migration and/or admixture events: (1)
populations of Ancient North Eurasians (ANE), represented by MA-1, Yanal,2 and
AfontovaGora2,3, and two interbreeding events with distinct Denisovan groups in
southeast Asia and in east Siberia or north China, (2) populations of East Asians (EAS),
represented by TY in Tianyuan, China and Salkhit in Mongolia, and admixture with ANE,
(3) formation of First Americans (FAM), revealed by USR1 (Upward Sun Riverl) in
Alaska, Kolymal in northeast Siberia and Houtaomuga in Jilin, China, together with
issues concerning transmission of microblade technology across Beringia and models of
Beringian standstill/incubation, and (4) massive migration of ANE ancestry across the
Eurasian Steppe after the Last Glacial Maximum. For convenience, I have also listed

ancient samples in Table 1 and relevant papers in the references.
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Simulations of Cultural Macro-Evolution to Support
the Development of Analytical Procedure

Kohei Tamura

The Frontier Research Institute for Interdisciplinary Sciences, Tohoku

University

The nature of archaeological data, including missing values and biased sampling, can
significantly affect the results of quantitative analysis. I developed a series of simulation
models of cultural macro-evolution to examine how this nature of archaeological data can
affect the results of quantitative analyses. [ compared correlation between divergence time
and (i) the Hamming distance, (ii) Jaccard distance, and (iii) chi-squared distance of cultural
traits. The results suggest that the Hamming distance can be more robust against missing
values than other two distances. Further, [ developed another simulation model to investigate
sampling bias in PaleoAsia DB, in which ecological and cultural dynamics and sampling
process by archaeologists are modelled. In addition, I published a textbook entitled

“Mathematics of Cultural Evolution”.
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2 P DD 5 72D L TH DR T HIBRICa 2 F 2320554 P THREZFAL v
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Experimental investigations on cultural transmission with the virtual arrowhead

task

Yo Nakawake

School of Economics and Management, Kochi University of Technology

Behavioural experiments is one of the major approaches in cultural evolution along with
mathematical modelling and analyzing cultural materials. The example of experiment ranges
from field experiments, laboratory experiments to developmental studies comparing
children’s and adult’s cognition. Among these studies, one of the experimental paradigms
especially relevant to the current project of “Cultural History of Paleo Asia” is the virtual
arrowhead task developed by Dr Alex Mesoudi. Here, this report briefly reviews a series of
experiments adopting the virtual arrowhead task. Furthermore, the report includes a summary
of our recent experiment adopting the virtual arrow head task conducted as part of PaleoAsia

project.
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THHEWI DI, BEOICEHEZTIESH T ZFRESNRWAMETH D, £z,
ANOEJROHIZT 7V 1 ThH A, 77V D LSA (Late Stone Age) TH H AL D HTA
IR ERBITORIAN LN FTHD LIFE IV L, LAY ho/va HER
EHRA LT (DFV T 7Y BREFETIEZY) EW0H 2 EHELOEEEHRITL -
TRBINTWD, TR0, [EEER NEHOPIIZA A (X Ui ADERO
) CIFERLIONARTHY ., T NFEEMATHDIE)NAEARTH S,

ORI RERE L LI, HEFEET /L (Wakano et al. 2018) A EEEIRET L
WZhEsR LTz,

2. BTV

EEGEIRE T VIZIR DO RONEROT AR TH D, AT 1LIZHA, 21 AEE
L. NIZEEZ 2, ZIIND O b AF LR OIS E 2 R4,

64



RRESALII D ARIERE TV © 72 7 ~DOH NI R~ DG

2
gN(xt) Da N, +rN,|1- Ny DNy
ot o M(Z,)
2
0 7 (0= DaZ+MP—li@% VvZ,+S(N, - Z,)
ot Q M(Z))
2
IN =D N, o, 1- N2t ON,
o o M(Z,)
0 0’ N, +bN

~ 2,50 =D— Z+MP— iﬂ@+&%—%)

M(Z,)

M, (Z<Z%

M(z)= {MH (Z>7%)

RAAL NI O0<x<L THY, KEERASMEZ A WS, IR LT, Sz
TIHADERENEN M IZBZEL TR, £72 THAOEFEOH# | & LT,

Na(x,0) = 1 Z2(x,0) = 0 (0 <x < L/100)

L5, TEmES NEM O AMA) & LT, ZEERR 2525, HKiEk
BTIXi=1,2 & Lic, £, OIHIBADKZE LT 2525, FFZ 6B\ THT
NDEE % (RERAEREC) BIOKRE BN S5, BN E O KETH 72 5N
IZE o T, HAAFVEREELHEML, T OOMERE L TEEERUBRE~
D s EN S,

3. BEFLDRER
X 1SR U EERER RIT, R E R D EDICHIBEREL, £2 n<n O
HThD, ZOK, 2250 IEEEHNEMOYIFEARA ] 1T & ITH K2
L. ENENSHILRK LTz, B, 2 508 JITEARL, — DD K
Lol

M2 1R LR R, R E ROREENERY, 72 (HERD7ZDID)
=t & LIEGAETHD, ZORE, FINEEITRIIC, HFEREOPEHE (1 12)
@%wA%ML\%@ﬁ%kLTﬁAX%wﬁmaF(l ITREN TN b
JRFTRIZEEINT 5, LU 5 Fﬁk%l@@%%é@ﬁ@méwﬁA
X, AE~OIBIZ L -T2 @h iﬁ%b B EIED Z LR HET D,

65



NRU A7 Y7 XA FHERFZEB02 20204F B

a) - initial spread of
. modern humans
(t=100)
0 \ -
b) m formation of
ol the first wave
(t=2000)
70‘- ‘
gﬂ |
C) 5 multlple origins of |
» | ‘ the second wave \
- - (t=6040) |
«||» |

T -

0 500 1000 1500 2000 2500 3000

Spatial location (x)

B1 A R LIHAN (F) OBEOZEMOMORRIEE, HAORIEOH] 23
P T, E ORI =0, i B N OIIAFE RS 235 2 D OFED B AL
S, EbbbREN (A X60) S, ZEMEIOLEZT 7V AW, 27T 27l
EBEZDH L )DEMIZH D WL, LN N THA LT- Early Ahmarian 2, HH
(CAFEIC 8 2 5 ki, Tho 7 U7 TIEMIUZ HE4E L 72 TUP/EUP IZ KT 2,

66



ARESUVIY I ARIERE TV © 7 T ANDFAT IR DIEH]

el

(t=2002)

“\\\,’

0 200 400 600

800 1000 1200

1400

1600 1800 2000

b) .

development of bladelet technology/
© 1 forest and maritime adaptation

(t=2024)

| \A o

A=

0 200 400 600

60

800 1000 1200

1400

1600 1800 2000

C) » 1 second wave formed (t=2068)
. \ not formed
« \» l
20 N /_

0 200 400 600

00 1000 1200

1400

Spatial location (x)

B2 AN OR) EIHA (F) OmED

Fedin T, % DREZIDN =0,
% éﬁliﬁfié 7ﬂ_fl:lo

&

4. B5
T T ~DOF YL A, A RE

67

F DB T

1600 1800 2000

ZEFR A ORISR, DI A OEIR O] 73
SEET NEH OWIMARAE L) 232 25 D03,

DR

ESAVII AR IE R T NV 2 EEGEIR~ L IEE L 7= RIC X
STET LT, M1 R TAYF AL, 77U TEENTHAL,
D=y TF DB L > THORIERL (F—) .

HA
IZIAAN & HFET 5



VAT Y 7 SRS FHIHTIEBOZ 20204 L 1t

Lo T2/ AN, BE O S TR DRSS EEREL 720, &
b B ERIEDH A IHANZBRE LT <k G ) ARy T U4 Th
bo PERDET VAT, 2OV F U FDOEAIEL, HRFA~DILFE > T2 H AN,
[F—DAF M K> TIHANIRT 2B MELES T2 L 2ZRLARNOT, £V
BRI EEANTH D,

FRT DT ~OIEBUCEH L TERIX, TRT 7 T AL bR I—r v D/
AR (TEY) FERBRALNTWDR, —HF Ty eI —r v/ D K 95 7 IUP
& BUP O KB EI21T - &V L1353 0> TR, RET /L TIEL, TUPIEE
—IKIZ, EUPITH ISk LTV b, EUP OREFEN LAk ERR7T 7 TIEIE
FRE7Z T D&, LAY P TIEE - @EiEaEg Lo < LT B R, iy
DT T g IE R, ENENEENDS LI D, ZDTZE
23, T 7 TILIUP & EUP OEWA LN MEECBHETRWEANS L
U,

W7 U7 « AT =7 ~OEHICBE L it & ERENIEFICZ LY, L
MU, NAAERIZZ O TIEIHOEY RN 0O T, ETAVOAF L E LTI
DENOE DEET HMEND D, Z OHIETIE, B H 2B FIARCHERE~D
WIS DFER STV D, /M FNE E BRI B HEEIL Tl e vy, & s LT3
15 R ARSCHFLE A~ DI ARZSNL O DO 2 Ax L& LTEETHZ LT, Bk
DTV A% O~ LEAT S ERARETH D, ZOHE, N E T
PN E N D T ENMBEE D, BV MO~ DB IS B S G 5 DI
BRLAL TFERIZANLROT, b HFAIZEEIC, 2OOFGE1IH Y 25,

R 1%, B AL 5 THERTE W RICHD TZOHIBICA->TE 7=, &) vT Y
FTThoH, Thbb, F—HLE L5 HTERLVZEVI R TH DL, ZDIK
MOTTIEH, BIOFETHIHANEIBADOKE S 725 THERTL W Z2DT,
JRIMIE 5 THELLERNIZIE (ZOHERTIL) B2 oknZ 2o s,

EE 21, FAIX 5 FEMEVENCZ OHIRIZA>TE =, WIS FIUFTH
%, T, HIE 5 HERI VNS Z OMBICREGEL., Z0k, BT
WE~DRSZ AX L ETHE N ZOMIBTAEERIZE VIR TH D, 2D
ELE. B HEFELD W FEROBADERNR A —A RN T VT THLILD &V ) i
T DOEHWIEEEANTHD, LM L—FHT, 5HERLY b EHWERNS OBEE
FEBR X, BURDIET 7 U I NITITR 720 &0 9 BIEF R ER S IXFET
Do

AW TIE, RNETHEEL L ERF 2D EL L EXFFTH2bIFTh7el, LA
ARETNVCE > THET VT « A7 =7 ~OWERICE L T, BEHFNE L O0EE

68



RRESALII D ARIERE TV © 72 7 ~DOH NI R~ DG

FHYRAEL Z RS D e O DI REGR IR R LT 2 L A DR L LTEHELL
VY,

51 F 3CHR

Wakano JY, Kadowaki S (in press) Application of the ecocultural range expansion model to
modern human dispersals in Asia. Quaternary International... DOI
10.1016/j.quaint.2020.12.019

Wakano JY, Gilpin W, Kadowaki S, Feldman MW, Aoki K (2018) Ecocultural range-
expansion scenarios for the replacement or assimilation of Neanderthals by modern
humans. Theoretical Population Biology 119:3-14... DOI 10.1016/j.tpb.2017.09.004

69



SLA 7Y 7 Al FHIIHIZEB02 20204 EEH T

Application of the ecocultural range expansion model to modern human dispersals in Asia

Joe Yuichiro Wakano

School of Interdisciplinary Mathematical Sciences, Meiji University

Modern human dispersal to Asia is drawing more researchers' attention as more Asian records
become available in archaeology, paleoanthropology and genetics. The ecocultural range
expansion model, based on ecological competition between archaic and modern humans and
on a population-culture feedback loop, predicts two types of modern human range expansion,
namely the first wave and the second wave. This ‘two-wave model’ has been applied to
dispersal from the Levant to Europe. Here, in order to apply this model to dispersal in Asia, we
modify the model to allow multiple origins of ‘high culture’, which is defined as something that
increases carrying capacity and corresponds to the Early Upper Paleolithic in context of Europe.
Comparing with empirical records, we suggest that the multiple-origin model explains dispersal
to North Asia better than the single-origin model. As for dispersal to South-Southeast Asia and
Wallacea, we propose forest or maritime adaptations as 'skills' of the model. We will discuss
how empirical records can be interpreted, including pre- and post-50 ka dispersal hypotheses,
if we adopt the ecocultural model.
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The future of Paleogenomics

Hiroki Oota
Department of Biological Sciences, Graduate School of Science
University of Tokyo

Since the technology of next generation sequencer (NGS) has emerged,
paleogenomics has made big changes on human evolution studies. As is well known,
Neanderthal genome analysis shows evidence of hybridizatin between modern
humans (Homo sapiens) and Neanderthals. Genomic information from a tiny finger
bone found in the Denisova cave in the Altai Mountains is also found in modern
humans and Neanderthals shows the existence of unknown hominin, Denisovans. In
addition to the genome analyses of archaic hominins, genomes have been obtained
from the old bones of Homo sapiens, which gave opportunities for discussing in detail
about the population history of modern human migration and hybridization since the
departure of Africa. This paper outlines the results of ancient genome analysis in
Japan, presents advanced versions of ancient genome analysis, and looks at the future
of paleogenomics.
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