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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



Problems in eco-cultural range expansion model:
Density and frequency of skilled individuals

Joe Yuichiro Wakano
Meiji University

Abstract: Eco-cultural range expansion model is a hypothesis on the range-expansion of
modern humans through cultural changes and ecological competition. The basic model is
extended to include cultural interaction between modern and archaic humans. A mathematical
analysis revealed that there would be no essential changes in this extended model. The
analysis has revealed the important difference between the density and the frequency of
skilled individuals. This provides some insight in regard to how to model cultural changes
from MP (Middle Paleolithic) to UP (Upper Paleolithic). The previous model has modelled
culture as the difference in the density of skilled individuals, while the difference in the
frequency of the UP-type technology (such as bladelets) might be more appropriate to model
the UP transition.
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AWFETIX, SLAT 27 BO2 BERSWFTE 2 D TV 5 k(b ® 0,1 X7 MLET L
&V D BERIIMERAL AT DN T, B i 2128 5, 0,1 X7 FLET TN T
BERBER SN TV DORETRIT, WEHEAXRY MLEMEEING DO TH D, AN
7 MVIX, HDORFEOHE CHELT 2 IEENW 2B 0%, 2 TOMHEEIZOWTH
v b LS LIRS CTh 5, ABFETIL, IWEOBE AT Mz, IEO
T OBEEARY MV, Tirbh, H5RFEOHE CHELT 2 E T O >\ THA
DEHETELETHI LT, 0,1 X7 MOWEZ ZVFEMIZOIT TCEL7ET TR, 7
— 2 DOBRBIRE D Z L Hnd, T DHE%Z WNAI(West North American Indian) D7 —
Aty MEHAL, 0,1 X7 MOV Ial—arOfEREHBEITY), ¥ Ial
— 3 T, OB E W D MR A o ol K D . ANy MV OME &R
ANZ T 5,
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DIRREZATAE & IEAFAED IRRBIC L A% 1 I A2 0 Ta— K52 & T,
EIADIRFER 0 & 1 DEHIH HUVMTRT MU K-> TRET 5, EEOIREENR RS b
NTEINDTZO, BHOREBIIITINCE > TEEIND, =& 20X, 3K, 4E
MBI HEMOIRIEIZ, KD LD ITHIIC L » TREL SN D,
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72X PO IITHIZ, (1,0,0,)TH LN, Tk, EE123, F1 LFE40RES
HOMN, FH2LEIOWEERLS ZEHEWRT S, £, FNTHERTIUX, B2 I35
1ANE,1,00 & 72> TWD N, ZAUEHE 1IEE 1 L5 2 OEIRICETA STV D03,
%3 OMKIZIFFTA SN TV NI L E2ERT, 0,1 X7 MADIRGEDS & TiE, Xk
BEEE A /) _X—v 3 2L VITHI P DIREEIIHMERMIZENL L T 728, PlId Sk
Fymie, ERRICIE~ L a 7RI ), TR ED LD b a TiERIZR D0,
RIS, 4/ _R— g v OREE HFICHET HREITEET 5,

—J. BEHEANZ MUiE, ROX 7T MV Th D,

S = (51,52,53,...,51\]) (2)

2T S ERCHTAE STV D K RIBPEOETH Y . N BT A A TH
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bHET POEINORZFR LSEOHEAREE 5257 baRD 5, (1)
DITHNDG AL, N7 hb

(2,2,1,3) (3)
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b, K (4) 1F, 1EERICFA SN TWD I RIBEN 1250, 2 EIKRICHTA
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Do ZD (4) 2, EHIOREITIIP MHEFHEINLIEEHE AT ML TH D,
TR A7 FuiL, BER S OB, EHARKICHFET H2REOH, &
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BRO/NG — AT 28R e Z E I S5, Lol ZZIZEEIC 2D
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REBRBEND D, —DOlF, AHMEZEDLIIZ0,1 X7 bMZa—RT5H0hENH D
EL b I)—olE BET R A NOSUBFEDB AL TH D . YR S EK
LAYLTOT —HIIELNRNE WD Z ETH D, AIEIZE L Ti, Shea DE— KD
FELFHFEE 0,1 IZa— KT DHHETIEI WL E I B, B02 DA L /\— TR
LTV 5 BT 5 (Shea, 2016), HEIZHOWTIL, HAR, Tk, BEHH L L HITAX
HEHOKBLET VAT TH 5,

ST, BRTHE S RXT OART ik, EHIOREBATINC T D E M OEEH I B
THIERE EOENRAEO - THDH, TNETD 0,1 X7 MLOBEIZ, 1ZIEH
72 (FFED 01 X7 MILVETADHL ETD) Yo7 Ly hAXRT hL (2) OH
FHEIZZ =T AL TNWDEN, Y7 by hOBIFFARY MV OEHRN S £
TR, —H T, X7 AT MUWZEBW L, T OHFHEIC b EEOFE RN G F
NTWNWo, BEFED 0,1 X7 MET ML, TWEOMNL R ZEZE L TV DD, FE
BRDOBE - RIET — 2 N ONEZMWIZTNEIMNT A RNTH I LT, BHimo 7 1 v
T4 T T =2 ORIZBNT, ROEERFEDO—D>THL, ZOHMEERT
LI X HEHOERE S EE2 T — X DR LS 72552 2 {E L 7= null
BERDE & TOHGRA TR & T D N —oD kL LTEZLND, RIFFET
X, SOBEMEERTDHTZODT7 7 —ARAT v 7L LT, WNALOT —H b v
Ty hEXTOAXT MVEHEAEL, null flGHOH ETOV I =2 b— 3 rORER
AT O, 7ok, TPRLOMATIZEZE DM T o723, XT DOAXRT MUVIZIERT 50
ITHAIC LD RETHDL Z L x2W->TE<,

2. T—HIZBITFBERT ALY ML LEET AR
2.1. X7 AT MILVOHERL & WNAT ~D3E A

FE T DOARYT VTR E DAY fLEHRD LD a0l LWVEATHY ., +
MTRITVRD XS g zE LT b,

u = (Ul,Uz,U3,...,UN) (5)

ZIZTH UL, iR Lo THEIN TS LS RIBEEOXT R THDH, WED
BHRnTHDHETDHE, BEORTOEII nn-)2 12 FH5DT, (5) DEFEELET
FLAEDLEDE nn-D2I1IZFE L 2 TE b, ZO L5 BREEIREITHIP G
FAETHINEZDOTRBMNETH D, T, FAxDOFEEXTIZONT, FNEREL
TDHRD K D RPN MVERERKRT D,
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L7e_T KRBT 57 ML EETRICIER T E1ED,
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2 0 01 10
0 2 0 2 01 (6)
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ZOFTHNE, nXn(n-D)2 KT8 D, ZOITHE, POENLNTTRDH &, RO X
D IATHNRHE BN D,
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1 0 0 1
(1 1 0 1)
0 1 11

ZOITHND 1 H DX 217> TV D & Z AR, FTGOEERFTGEOXT D H bH—D
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ERERTOREEHMFL > TS (T72bb_XT2b-oTWW5) ZEE2KT, 01Tk
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IZOWTIE, 1 20FEL»FA L TELT, H3OXTIZHOWTIE, TR E %
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EEERE I

) ZOITHNE, BT DB EURIZETA STV 5 s
3 EopaRLTWwd, & xiE, 1{THIX
(0,0,1,0,0,0) & 72 > TWDH A, ZAUE, & 1 OEIED,
FBIOXRTRETEFAL WD LE2ERT, b

MWIWMM ORI bk s LT,

bbb, £, ¥ ofarkd b,

o R o
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O R
oo
N =)
e )

(1,0,2,1,2,1) (9)

Z DY FUIL, HXT INFENE AT R H
BT onkegT, &EIo, HEEEE T3 —¢&
B L CERTIE, XT0AXRT MARE LR

é (e}
(3,2,0) (10)
| [TV o— S
= : LIS FTE SR TR NT (B2 37)

IXE W=, ZDORXT "L (WXRXT AT ML) I,
6 ODOXTDHH, 3O 1EKIZ, 220 2
RICFTAE SN TWDZ Ea£T, £, S{EIKT
RTIZFAE SN TND L) BT IIFTE LR,
ERED X 5T — 2B, &£ TR X Python DX H 7 A7 V7 FNSFEEM 2 IER
DHIATO Z M TE D, el L, WEEREERE R ZWE ., 175 (6) DEZRBNE
KIZBRVFENE LS ELIRDZENHDHDOT, T X RGAIEITH (6) OF—
2 REIEICHATA 215 UG R EE N SE I N D,

T, X 11X, WNAI(West North American Indian)?> 7 — % &+ k(Jorgensen, 1999)7)>
O ALIEDOH T T —H A L, Bl FEEHWCTER L7 by B (1)
BLOXTOAT by (F) Thbd, 2L, ZZTOREKTHETHY, AT
F7e, Flo, 7 —Z 134T LE 0,1 TR TILZRW A3, Mathew and Perrault(2015)
a3 HEV 0,1 X7 kb EFTo TWb, 7277 L. Mathew and Perrault 73t 2
FEMT W NN L3 A7 — & Tldk, BB 10% K OTEEBBRE SN TN D20,
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ZDOEETIEANT MLOZITIZHE S 72, 2T, 50D STATA A7 U 7 K&
EL, T7 =202 ED 0,1 T —XZFMEE L=, ZiiZ L > T, Mathew and
Perrault OFEMTIZAE DR Do 72 252 OIFE MBSV, &FF 709 OIWEEHT, S
ST, KEAMEIZIE—F 0 ZRA LTS (ZHIBVELaEe FETH DA, 0,1 /b
72 WNAIL O RHIFRITH 6.7% THHDOT, 1280 LV A EITE VISR TXRHIL 72
WER Y D 7e < & B EANTIIR E REEL RIT SV eEZx b 5), KIBNRT LD
i, WEOH T IV —E WA LZICLEbLT, YLy b RTONT DA
7 MHS—EDHEMERT DI BN, FRZ, XT DAY MUE, 7 by
DAY MZHARD & DRV LDRERE L TWDZ EnE, KO ERE
WERFFLTERBD, FEHENTICE L TWD Z ENRBEIND, WNAL DT AT |
JNZBRBND Z D LTEREROEB E LT, Az ickoTHEx 327 Ly b
LV HEL DEREEENEL D720, FEIORERHEIIN NS 25000 b L
AU,

2.2. HEG{R LMD 5AR
178 (7)) OKINIT 7Ly b EXRTOHEDEREETHEATNLIDT, J A

HEEHEN L OERERTEATND, FHiFNTIBNT0,1,2,3 H3ELI S A #O[H], #1[1],
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Analyses on the Frequency Spectra of Cultural Traits and Trait Pairs

Yutaka Kobayashi

School of Economics and Management, Kochi University of Technology

In this study, I conduct detailed analyses on the theoretical framework of 0,1-vector models,
which is one of the most important research subjects of Paleo-Asia theory group B02. Previous
studies on 0,1-vector models focused on a statistic called the frequency spectrum of cultural
traits. The frequency spectrum of cultural traits is an array, and its i-th element gives the number
of traits which is observed i times in a focal dataset. In this study, I show that analyses on the
frequency spectrum of pairs of cultural traits as well as that of singlets contribute to the
understanding of 0,1-vector models and cultural datasets. I apply this approach to the WNAI
(West North American Indian) dataset and compare the results to those of simulations. In the
simulations, I use an approximation method based branching processes to investigate the nature
of the spectra in detail.
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M7 7V BPUBEO NFEEMIZEB T 57 ) AE, 2—F T RKELEWIFHF LD
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A<sm<sn—-1) BDEELEbLONTOXAT DINA—T) L n—-mANRA
EREzLONT X7 (ATNA—T) 22535, DIA—TDH 7L
BEIX f,=m/n THD, ZOR, a7HEENIZHD 12D SNP ¥4 ~DIRRE
XDV A MIHAOLNDIREMNEROETEEIX, DI/ A—7 T i f#l (0<
i<sm) AL —7TEjMEMO<j<n—-m) OXHTHRD, HIZ KRE G,)
ERDATHEAND SNP B A Mz~ b v 7 ADUHE ¢ ; LT, v b
U w27 2L SNP %A M DOBISHIZERMER AL L Db DI D, ZD K57k
~ MU w7 R ey} . 2LV A MEEA~NT ST L (2D SFS) LIRS,

1, BRI SN Z O/ a7 L U AFRM E M2 NAE T L
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L7=bOTHY, DINA—T1FA I A—T712k L THTEREICR D N
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WDEINTEXBRZDHZENTED,

2ip;;
= — 1
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=Y j=0io+ (A<i<m) (2b)
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THRET D, Ly THAME L-BHIE, Z2REROEY THT ) LFEIBRTTRR D
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Geo = Lgo/Sq0,  Ger = Lo /Sia (5)
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p=20 (a7HEHI- DMAHZ R x 4N,), X#h (a) & Yl (1-p) O A
=)V DEVCIER, HRTomEL X #oeXmE 0,1) T, bhbAAM
BT THUE, Lo =Ley & G =Gy 725 TND,

1.2

0.8 =Fc

0.6 Geo

0.4 Lc

LcO
0.2

4. R OHEE

BPREHEMEN U C& 72, BAR A O AT & 2 52 70 BEAR 23
HHZENHLXTDOHTEITHEETH D, K 1LICHLFREDIRER D 7 —T D

24



2RITHA VHERART T 4

S (IKefE] tp) DET, ENEZHET DD DB THN R TEN B D, 01y &
FIRT 208, BISEEITRREAKLTHLHDOT, a7HEEdH D DIREHERT
A=V 7 UK utpy ZHEET D, ZOHEEIZD FIEIDOIRE L Lyy DIE
BOHHEDBIZ

uty = % (6a)

L7 %, & 512 Hudson (2007) OfERAZISH TV, utp Okl
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HTITH & &, > 250,000 FL720 | kR E Z ADMETIT <> TLE D,

Z ZTRHA¥ L7z 2D SFS (3, BnHI## 2 O 2wy 5 Z L &
AIRBIZ L, TAV OZARME A2 AIREIC AR S 5 2 &2 L » TRTEERE L & &Sk A
R 5, FERENRBRE—RTHLNN—FEY T FOYRHISH AEETH
%o S BIZE UHHA DO TEIRE L ORI 2 e TE 5 2 Lid, 7/ o4t
By - NHBRIEDOB DY 2515 L TARRMAZ b6 T L HfFTE 5, %
RELER E T 72 7 0 v 7 727A (Bl 213 allelic surfing) @ XBININZ-DUNT
1L, BETHET 5,

HEE
ARFZEIL. EMIERFEE KT Wanjing Zheng, B W1, MWMHAE B X

QI RFZ ORI NBELZ D 4 T & OILFWFFTEO KRR TH D Z & 258 L THIFIZAR
A%
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Two-dimensional site frequency spectrum for detecting
incomplete selective sweeps

Naoyuki Takahata

The Graduate University for Advanced Studies (Sokendai)

Abstract: Two-dimensional site frequency spectrum (2D SFS) is investigated
to describe intra-allelic variability (IAV) maintained within a derived allele
group that has undergone an incomplete selective sweep against an
ancestral allele group. Although recombination certainly muddles the
ancestral relationships of alleles in the two groups, 2D SFS can reveal
intriguing signatures concerning the genealogical structure of IAV. We have
developed efficient and robust 2D SFS-based statistics to detect an
incomplete selective sweep, distinguish between two modes of adaptation:
hard and soft selective sweep, and evaluate roles of recombination. We have
also proposed an estimator for the time at which positive selection began to

operate.
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“The purpose of models is not to fit the data but to sharpen the questions”
Samuel Karlin, 11th RA Fisher Memorial Lecture, Royal Society April 1983

1. EA

S B W FR LORKERFE T, AN GEBF, A, tha, B, Wik L) 0%
HBEtR, MAEEH (RiiZed) . BEEICZm ULEMEE LT, MEMbD 0, 1—
R MVERBNZH I TS (Vanhaeren & d’Errico 2006; Shennan et al. 2015;
Rogers et al. 2009; Jordan & O’Neill 2010; Mathew & Perreault 2015; von Cramon-Taubadel
& Lycett 2018 72&), 0, 1 —_7 fLlid, ZNENORHEHEMIZONT, fHlx D
SAEEROFEZ BIEINLIGAICIE1 2, BIEINRWEAIZIE0 2 Y TTHR
W LU7ZEA T 5, Fexld, EEROMERMIZONWTDOO, 1 -7 FLDOT—X
ZIMT LT, AT MUVEERR L TS, AT FL &, JEENIZHDTE 5~
DIXALFER O TAKE ] O3M——f B AL OB AT &V | ZRENDOEDH
TWHA THIZE SNl 2 O L EZR O Z Ml LB 77— Th b, LT
2. (1) TR~ Te T —F ZHITHER LT AT M affEr L, (2) GMTHY
72) Monte Carlo ¥ = L — a U ELNT-HGRH AR ML EEAEED, 72
B, ZOT77a—FORAMEEIL, SEHBME S L7z PaleoAsia 2018 The International
Workshop THAST# Té % (Kobayashi et al. 2018),

2. T—HITHEIS AT hv

2. 1 Aurignacian beads

Vanhaeren & d’Errico (2006) X Aurignacian 9 8 &BMNIFIT 5 1 5 THEEDO L —X
DA a5 L7z ([RIFmSC Table 1 38 KON Figure 5, 7272 LA ICA—EH V),
ZOT—=H w2 LT AT FARK T ThDH, DA b, Bz,
6 6 DO E—ANENZEN 1B OATEBEIIL, —FH., NREOEW 1 FEN
3 3BT L THESND ZEEEKRL TV,

Vanhaeren & d’Errico (2006) 1%, B — ANRRESFEEM O~ — b —p 72 %8| %2 1
TLTWDEER, FlE—XOMBSMB N AL TS & FRL TWD,
—7J5. Kovacevic etal. (2015) @ Approximate Bayesian Computation (ABC) (Z X % fi#
Hroa i, B TR U 7o/ NMER] O CHEMABYFE BAE 20BN 72 & 3 2 3RS &
Nniznotz, B7pAIZ, Kovacevicetal. (2015) @ Fig. 8.3 (left) 1%, Fx DUV H A
NI NVTHIE T 2 &9 7EH, FAOMERL LT=X 1 EibicEH,
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1. Aurignacian EEMNZEIT D E—XD AT fL

2. 2 Neolithic ornaments and pottery

Shennan et al. (2015) %, I —nr v F AR 1 6 5EBMIISITH 1 9 5 FEEH
OFffidh (BE—X72 L) B 9 5 EBNCEIT 5 1 8 3FFHDMw D /Af & 55
L7ce B2 IR D AT Puid, M1 DE—ZXDART FVIEME L TV
%o FHZHTOWTITERERIRS & SR Z XA L TV D B LAY, LA B IR T
TRV, BEMFEIIEE O SEENREREZFESOTHA D 2 &b, THEE TR
IRHANY ML D ZEDBTRINDTETITRETH 5,

90
80
70
60
50
40
30
20
10

0 |I|III|..|| .- S -

1 35 7 9111315171921232527293133353739

B 2. =F—n v/l Cic B 2D 2T h v

Shennan et al. (2015) 1%, EHE DO, 1 —X7 ML OFHIEE % Jaccard distance
THE Lz, M OMEZEICO W TLEHEBEOENZBOONL ELTND D
DD, FEARMIZII LB OFEE EEL TW5,

2. 3 WNAI dataset technology

Mathew & Perreault (2015) 1%, JLKIEFER 1 7 2 KD WNAI dataset (Jorgensen
1999) IZRTIEAM A, O, 1 —~7 hUZZH L TR L7-, Mathew & Perreault
(2015) 25131 0 QARG OFMIE THE SN ULERBEIFRS T D, 22
T, ABREENGTERRT — 2 20 FHE, IRENRZhE2Ee Lc, BB+
58 1HA (KR, &KJH, &% AR LE) OAXY M Z2M3ITRT, 212
L. BREIOMBEEIL L ~1 08E, 1 1~20¥Kk, ...16 1~17 2¥ET &1
FLo, TOHFLMETRE L,
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2. 4 Pacific northwest coast long-house
Jordan & O’Neill (2010) 1%, KFPFEALEEFE D 1 7 52T 5 long-house (H
[FETE) ORE 5 SIHA O Mz el Lz, K4 IZART LV ETRT,

14
12
10

0..‘II||II.I .Ill
78 91

1 2 3 4 5 6 01112 13 14 15 16 17

N = O

X 4. KFPEALVEHEF O long-house DFHHD AT L

ZOEN, BV 7 AN=THERMEH LIZEBICET 2T —4% 6555 (Jordan &
Shennan 2003) .

2. 5 Fijian and Polynesian canoe design

Rogersetal. (2009) X7 4 ¥V —HERY X T 1 0 BITHIT 50 X —DORERENFF
%9 5THHE B L UG CEAf) MRS 3 STHA O E 4R LTz, K5I1TR LIz
FDARYT MV (B=HERERRE. KA =G8RHE) DNEMERICKRES B R DD
PR BURTR N,

S 512, Rogers & Ehrlich (2008) 1%, PEREAYFFE & SHEAIRHM O B #] Jaccard
distance ZHHZ, AIEOHN/NINWZ LR L, ZHDBAROHIREIRZ KR L TV D
EFRELTWD, 2B, BXIZITHEOIEED DD T (Rogers et al. 2009) , A7
MVOFRFRIZIEE 2 BT 5,
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5. RYURXTTDOHX—DEDO AT L

2. 6 New Guinea north coast material culture

Welsch (1992) (X, ==—F=7duifpeHir oMmE S (L, 8. 2R, *v
7 VA, R L) ICHETOERIZ EWEETHRA - INEL, 3 1MEDOT—F %%
& 7=, Lycett & von Cramon-Taubadel (2018) (X, T bHA—A hr R TEEK 1
OFEOT—FzZHL. 0, 1 —_27 MICEB LT, TOAXT ML %6
RY,

III‘””I-
1 2 3 4 7T 8 9

5 6 8 10

= N W ks Ot O 3

(=)

6. =a2—F=T OWE DAY kL
3. EHMERDHHADO0, 1 -7 FLET L

Well-mixed 72 ¥ —HEM DL, % < DIREHEUT OV TEHERRED 27 F LA
EATHIIC R E D (Aoki2018), Zha TH—HEMET L] LMESZ LT 5, £
ERMb - T=56. IMER E REMZZNENZ OBR—EMHET VIZE T 5K E
LTI S, Ele—2D/NEM DS & B O /NE DRl % birth-death EFEIZ
K SHET S ET V) BNEZHIL5H (Kobayashi etal. 2018), FEEE, E{ATIX7e
<, FEEZHALE T 5 (LT T LV OMFIEIZIZRIBI 2 & D (Nunn et al. 2006 72
o — . INEMDPEBEARN DR S ND Z L 2RO [REET V) HLMET
b5, EVplF, BSET VT MEHNOBEEKRFEOEE (FilfcExed) %
Wz 720, AEET VDAY "ViL, MEFIOEERENZ, T EnoBo/ME
MNOA7 < &6 VIBERBETR 58~ O3eEFR o (H—EHMET10 ¢,

(SRS ZREIZER D, Zhud, T—HORTRGIEE BT D,
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Va2 b—va X EITHICHIZE L CW A AR ET LV OBEEIZIRO LBV T
HbD, TNEN N HENSR256B D O/NEMN BFAREE CERN > TS &
T 5, —EHRER S TEEO/NMEFN DI L, ALEORO/NMER T 5, £
NENO/NEMN T, B—EHET V> T M OV A T,/ _R—v 3 v
(HARE 720 EERYL 720 W, A, fUTEE (FALRXT 747D B, BLW
FENRE 5, S50, FEE/NMEHM TOEE 2 RO AH (A 72 0 B{ER
m)., »5WIEE/NEMB OB (#4720 o) SMEE2EERMOKTZE (¥
A LAT 7Y h) BIb5b, BEOLAE. Uik 2 EERITENENE TN A
ST L2 Wb EFE L EGET 22N TEL LT 5,

/INEF D3I« AEIRICEED D S TG D AT M O—fFlaM 7181, ¥
Rab—ya TR, PO 2500 HARE T (burn-in) . ¢< 1000 AL = 5000 #
ALAT v TORERE S XA LAT v TRHICH D L TR L, £72, PIHEE L
TREFNOEZEDRNTNOSULER TR L2 WGEa &, X TOMLEE T
FIas5axsH0., ZO¥HER-7-, ET 537 A XX, N=5, D=10, S=
2, M=500, p=0.1, m=0.1 TH5, K7IZBNT, BIT=ENDFE B=09 TH
NEDYE . RITNE B=0.99 THNOGE ., IKEITHE B=0.9 TREEEEHDY;
A, HEEITRER B=0.99 TEEES L TWHIEHATH D, SULEHEM oMLK EE
(JhS7 & e HBH D HER) (XA FLOTIRITITE A E B L2V, [REDR
DEFEWVIIRE DN TND Z ERFEAEILD (B=0.9 OHEITHEFHEA. B=0.99
DOHAITLTFITM),

“ |I
1 2

X 7. NMEHROBEDN S H5E DR AT v

12

10

oo

(o2}

o~

[\

0 l| -I _I I I I I
3 4 6 7 8 9 10

5

WA, ANEF O3 « Hadi /NMERIE O KRS N > 7255 D AT kLD
—fil & X 8 \ZRT, /NT AXE, N=5, D=10, S=2, M=500, p=0.1, p=0.9,
c=02, h=09, TXALERDOEZITRIT - KL IR E 5 ERET 5, Z
DAY MV ORIE, R (NKET7T~9D100) D ER->TnDHEZAIC
B 5D,

X 7. X8 TCrrENEHIE, ffi5ET VD THl (Kobayashietal 2018) & EMERY
IZ—ET %,
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R
A,

4. BE

3

F—=RICHESL AT MLV ERONTZY R 2 L— 3 U E LB A~
7 MVEEEED L, RO LD REENGRP TR SND, (T —X O AL DB
DO/INERNZHKHIET D,) £, T—X THDHMN, HIEMNRUEESR ERRE) o=
N7 MV ERBH U E SR CEffL e ) DAY MLOTRIE. EERNIC R
STWVWHEEZRED ThHDH, HIZIFHFHLTHY (M1, 2, 5KE), BEITF
RBRED EnoTng (M3, 4, 5&, 6), —FH, HisTHITH L0, /IMEMH
W DOACARED NG E DAY MVFEFRBD T Tthy (X7), I
BAITHRNEY ER-TWnD (X8), ZdmEW T, MREN R UL ERITIR - T,
D/ NE S O NI ThI TV D E & XX, T 5,
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The 0,1-vector representation of material culture with multiple surveyed units

Kenichi Aoki
Meiji University

Abstract: The material culture of a unit of study (e.g., archaeological site, village, society,
island, ethno-linguistic unit) is often described quantitatively by a 0,1-vector indicating the
presence (= 1) or absence (= 0) of each cultural trait. This representation then forms the
basis for the interpretation of the phylogenetic relationships of, interactions among (e.g.,
borrowing), and environmental adaptations of these units of study—in other words of cultural
evolution. The “spectrum” of a class of cultural traits is the distribution of the popularities
of the individual cultural traits across the units of study. In this report, I (1) construct spectra
for material culture from the raw data available in the archaeological and ethnographic
literature, and (2) make qualitative comparisons with theoretical spectra obtained from a
limited number of simulations.
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HIREZE (B3R RIS R RS B )

(E LC&IC

XALIED E DD IR FAL TEEI NS (Hoppitt & Laland, 2013), {EARHAL D5 % FLfE &
LEEFNENSDR, XAEEEHIST 81257 > T & DR HEES S, L LENRS,
RfEeE - BT — 280t TRE A 3XbER ac,d 282 [3Xb/E B 3447 e,g,hi 28
) Y, fRLYRELBLATUPEHRPFHATETRZVI ERLIXLIETH S, EREADE
EETILTE, TOX57% THV AT -2 U TEMTES (FVA2Z20E, BHRO
DIRVHWEALDO T — XIZBWT, LRI WIERE BB L T B EERBALDILEE TV OFEEHN R
ZUMEOBGEZREETH Z) e Lk, FIT, FEERBAL D &G L 2 SUEEDEF IV
HHEZTHD,

INERBE b ZEDHEKILET IV

NED/NER NV R - ) 26kd A REMRH S, BIROGKNZE D, A XEMIZIE NHE
FOZWNEMIZGFETERVWED LT B, Z/NEFIIULERZRZ WS DTHRDOI N TE S,
HWPREETIEL/NEMIE AL E R % 0 fFFD, DAk, HARME D72 D IZ R4 R MR Z 5,

o [FBA] WK v T, NEO/NEFDSHEIELTEALNEN 1 2DBFH LW (ZOREE T
THhONMNEMBFRI- 722 e DR\ UL ERE2HEET 5,

o [RE] NHED/NERMM S MAERITEAZ/NER 1 DDHRT 5, Fo7z N — 1 HD/NEF
2o AERIT/NER 1 D CBRER) 2SR, BIEMOR D& XULERE ZNE DR B THE
AU FEMM A ZERIZD D, NEMBIIH NIz 5,

o [{EHE] D 1 DO/NEMDFF> TWEXULEZEZNENIZDOWT, N HO/NEFD
OAERITNER 2 DR R, FAD/NEREZ A, 35K /%2 B35 (FIEAIRDB),
e nT, £UNMMEHAPEHL TV ULERE 2R > T, /MNMEM B £ 20X hE
FeERT5, NEH BAWTTIZEDOXLER 2R > T IUXRIZHEZ 5720,
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ZOETNE, BERPS FEANDXLEREDMLEE (NI AR BPRETNIEZDORENKE
W) &, BT UL FERICBRWNERIFTOSXUEEZDIRE (NI AR nHREWVIZEZ D
BRRKE) 2EET S50, NEM L DM WEIR LT O XU EZEITEE L R WS R E TV
oTWad,

AR NILDEH

AR MUK, ALEZEOY EOEE N (BF (X ZEF) s TEn s VWofik UNER)
MEDXACERZFF > TWED) ORHTH Y, XUZZEDOMFEIZIE W T UIXVIXEH S B HEAR
2Rzt TH B, HBLET VO EHREETD A2 ML %, Laplace Z#1% i\ 72 HIETEHT
% (Vallade, 2003), Wil 0 THI X Nz XALER AL ¢ T kHAO/NERIZF 2N T VWD HER%E
P.(t) &L, ZORMFEREIE~Y AR —HEA

P, =by 1P,y — (by + d}.) Py + dy1 Proyy (1)

(0< k< N)TibhEnsd BRI, by =0, dy,, =0 25 5), 7272 L&A P,(0) = ),

Thh,
N—k &k EN—1—(k=1)  k(N—k)

N NN N1 TT N o

by = (B+n)

(0<k<N)IF, EHTLXCERD Kk HO/NEFIZF 7z 72 RED S b+ 1 lHD/NERNI K72
N REIZER T 5L — b,

(1-7)]

dek[P—k_14 kKN —k+ (k—

1)
N N—1 N(N —1)
(0<Ek<N) IF, HEHTSZULEED EMHO/NEFNFEZN0TIRED S kE— 1 HO/NEFIZR 72
NIIREBIZEBERTAHL—-bTH D,

A (1) BP = (Fy(t), P (t), ..., Py(t) BET

—(bo + dy) dy
bo —(by +dy) dy
T — b,
dy
b1 —(by+dy)
ZFHWT ‘
P - TP 2)

L RIEINB, A (2) 12 Laplace £ £[f] = fooo f(t)e s'dt z#HT 2 &,

£ [P] = s£[P]—P(0) = TL[P]
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L[P]=U(s)P(0) = (Up1(s), Upi(5), -, Una(s)) " = uls) (3)

BES5ND, 72720 U(s) = (SE—T) ', X (3) (21 (SE—T)u(s) =P(0)) % u(s) 2
TR &
15 b

Uk,l(‘S) = E g dz + O(S)

(1<k<N) B p
Uo,1(5> = ?1U1,1<3)

& (t) = j(;t vP (t —7)dr = yj(;t P (r)dr &, BZtiZBWTH kD& kEO/NEFIZFZNT
W OXERDOBMOMMETH S (0 <k < N)o &(t) = (§(1),61(F), -, En(t)T DRIFRIBIR
£ =§€(0c0) 1F, BMMEDEHD 5

5@m):1n%&cgy:h%s.gzwp]:yum) (4)
YiB, R (3) DS

. v b 0 MmNy N+1—i

=5 113 k<1+5> H~750,— (5)

BXO

Thb, £/ =1—-B WL L7,

X (5) X hkEOREELHELTED, kWA ARLLAEIR MRS REREEND S
BELAA, 0, WEROME 52 X5 CHEELTFARER N RO NS 2 v 20ET 2 &,
w=k/N ZEHER (0<w< 1) ¥&akLTZOMEMIN R EERK

N&* ~ 91(]‘ B Bw)geN/\<W)
ko w(l—w)

= ¢"(w) (6)

AMw) = wlog(B +n) — (2, —log(1 —w)) + ;7(2, —log(1 — Bw))
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log [(14_2)’“11]]\)7:012—1] :k;log(ﬁ-i—n)+Zlog(N+1—i)—Zlog[ﬁ(N—i—Hz—i)]

:klog(ﬂ—l—n)-i-Zlog( +———) Zlog[l— —,BN}

:kbﬂﬁ+n)+zzhg<1 &>+;m—iﬂv O(A;ﬂ
_E:%g@—ﬁ§>—5;l_;UN+O<;J

zNwlog<ﬁ+77)+N/wlog(1—u)du+/w du_ / 1—5udu—5/w du
0 0
1
N

1—pu

log(1—w) log(1—pw) B
= Nwlog(3 + N/ te~tdt — log(1 — w) / te~tdt + 5 log(1 — fw)
B8
(1—puw)?
=log—— + N\
og 7 T NAWw)
ThdIehoEhrhd,
10.0-
|
\ label
|
7.5~ | approx (eta = 0.00)
—— approx (eta = 0.05)
—— approx (eta = 0.10)
<X 5.0- —— approx (eta = 0.12)
—— exact (eta = 0.00)
—— exact (eta = 0.05)
25- exact (eta = 0.10)
exact (eta = 0.12)
0.0-
(I) 2I5 5I0 7I5 1(I)O
k

1 AR S VvoEER (R (5), 7NV “exact”) &ZDEML (K (6) ZHNWT p*(k/N)/N
Z NV “approx”) & DI, BEENE K, MEEHITIN TS & 2RI, NT AKX N =100,v =
0.1,4=10.95 BLUOn%0,0.05 0.1,0.12 L ZZE7,
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20 N VORMER (X (5) &ZOEBR (X (6) 2T o (k/N)/N) HET2 (M1 &,
D AVNE IR (n = 0,0.05) BERLVEBLE R->TW3, LAl paikEne (g=0,1,0.12),
SERRIE kAR E WEIRICH 2 LD S 2L TLES &5 Th 5,

Hblwkl (DFEV kK N) %26, X (6) 2\ Taylor &

logwy*(w) = log 0y + wNlog (B + 1) + O(w?)

e “(k/N 0
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2135,
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MOAVBDONEMHT DI LT, EROEMBSUEZIINT 28N L D RS 5 Z & D3 iR
INnd, £z, FERBALTORBEDE TR U THBUELE TIVHE Y 250U 2R > TW D DR
AT EEELS S,
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A coarse-grained model of cultural transmission among local populations

Mitsuhiro Nakamura
Meiji University

Although cultural evolution is fundamentally based on individual-level cultural transmission,
practical ethnographic and archaeological data often contain only tribe-level or cultural-layer-
level records. Because models of individual-level cultural transmission are too microscopic to
apply them to those more macroscopic data, models of more macroscopic cultural
transmission would be convenient. To this end, I propose a coarse-grained model of cultural
transmission among local populations (e.g., bands or villages). This model considers random
events of innovation, cultural inheritance from parent local population to its offspring local
population, and cultural propagation from a local population to another. I derive the exact and
approximate frequency spectra of cultural traits.
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E NOROHED—2E LT, H/1i78 (BRICE>THTHY, HFEIZE > TH
THHEORTEY) ZLITLIET A2 B3 HIT oD, WITEIOFEIX A RER
DEZFIRL LEDETGEAREETHY . JHEZET S, WHED, TR
N Lol a3 a2 LA, MERW 1% LIcS A coRm 1523 55
Ay BANEEREL 5 5, ZHFAEEMEEMETIN TV AD=ALTHY , HI11THEh
DL ZTIIL 9 2 FERRH TH D, R, Axs2 D, BT 2&HEITLITL
7L B OXRM, FABROEFEREDBEBND [HHE2T2EM G S & X1
WOTHHITESD] LW o b T, EET RV, 612, BT 2&HEOA R
WRET 2B MU LIS RIEDLD EEXLZEIFLLTHAH, 22T, T
W E Loz e, #HFICIEH N T 2ERBGIE LR o To 2 &R ah
STVNDHEVWHIRMEEZEZL D, ZOBICWH T DI & 2RINT 21780 ML
LT WD THAI M2 ENE LI LT &2 BRI 21780 H 3L LT
WDTHAIN? I IEBAILE Y EHIREORIIZH 200, LW I RNT
HD, FANTZ O L TRVIELENADY Vo~ OB 295 Z & T
DHATE, 1 D2HOET/ATIE, BOMNREIEIOZ Uy R Z LZONIET 51E
WMEMDRWEATHD, ZOEAIE., EMHFICH T 2EEN 2L, Bz L
o TBE, W% LTH LR THEEM & HIIATE OO ST AL =T
RN ENS D oTm, 2OBOET LTI, BAOWHIEIT 72 KTz L0
BT aEREMES>HAETHD, ZOHEIT, MTEICH T 28RN, Whae L
o loBE. B ORIEIOTENZ R 51TE), T72bb, TASMRIEH1Z L7cd
Thiux, SR IIT 5. BAaBEiREFER1EZ LIz ThiuX, 4l IEwH 1%
T 5 ATENELL LT W E R gholz, ZOXIIC, ZOETNMITARRED
W T2ERN N b H Y ZOHFRPHEFIEDL DRI T T, A ZIIH
JTATEBV DAL 2R tE L 22— 5 CEE S 3 T8 o b 2Rt d 5 Z & 27,
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NRUAT VT e b BT LA BT ey P THDLMB, B hO
FOMED—2L LT, BOICESTHTHY, HTICESTHTH S L5 fTE %
LIZULIET D23 Fons, B MIZo Xz, WOiTdEha T 250, HIARERRO
BENDEBEZTGA, B FOWIMTENIGRCH D & E 25 (Hamilton, 1964) , #7117
N EDLHIICLTHEL L ZATONIBE LT, T E CTHEREYTFE NI FLA,
BrDAD=ZALEZREBLTEE, OO0 —2&L LTHEMERLIT OIS

(Trivers, 1971), AREM: & 1X. #HEDRWH1E2 LTSS 130 TS LD DIk L THT
N Lol aEZ LIEX D2 L TEHIT DA =R LDZ L TH D,
9 LIS X DT8R B BN E S T-85E. WA IR O X 5 et =
NEPGWH N ZFIEHEL0ICK LT, FEWNEIXZ O L S RS E W 1E 1O
NEglIEHERY, ZOLSIC, MITHIEMTAEICE > THRRITENCRY X,
HEMIIHIATEI OB O —2SD AN = AL THD E VA D, BEMED A =X LT,
MERH L0 L, TR 12 Lol b ha Lk ns 2 LD T,
FHEOITENZX—Z2 L LTHSOITHZRD DA N =ALTHDLEFA LI,

WE WA ETLE0E. BT A0 0BE (R, g7 d) BZBETH D,
£/, FRIOXRM, HEROIFFER EDEHEANS M2 T 2EMNH S L &I
THLWH I TE D] L) bl T, EBIEZ2 (Fishman, 2003,2006) & & I1I2EH L X
Ve T LT, BT HDOEENEFEELZVEA, HFEICZOERMDIHED
HDHIEAD, PR ITEZ LS TeBHFICH T 2EE N0, ZOERE AT
L7EEGA, EOXIICREDZ S ZERRETHA I N2 —DODEZH I % L12IZ
IMNNENI HEDOTHD, HFIXEIHIETHY ., SENITEH 123 2 &R
IR TN B % LR 127200 T AW 2 THUSHEFENKRENLH )& LT
SNDARMERD D] EBZBZNTZEDOX I REBEZHITRD, ©H—2>DB 2 X
ZLRWIEI DN ENI EDOTH D, MFIEWHIIT 2GRN TH I Z L)
STEDITFTHLN, MITHERBH A2 BN 2B HhT K03 bE LR,
HOonAE ) UL D DR TIIH ) Lanond LitZewn) EEZNIXZED L H 72
EZIIe D, ZOX IR LT RNOODONE L7R0IE D B O )T
HTIERV, AREETILZ OREIZE L THY &\ Ecological Complexity (Z 8
S 7= Kurokawa (2018) DN %, MWD FE A TR T 5,
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3. BEFNLLRER

BORLINADY Lo ~vDETNVEZ XD, MEIZ DY R Ti7oivd, m(=1)HE
HOZ DY RRHoHiieT mtl BIHOZ Uy RBMTONLHERIT. mIZLb6Tw
O<w<1) THDHETH, £T7 U FTEH player DiIRELIT25H 0, W1 LIk
WhThsrld s, MhzdThuE, 22 e, FBHFICREX 70y bbb 25
25, ZZT.b>c>0Tho, MWhzLipdhiEax bbb, "x7 4> by
H2720, MNETLDIOOERNPHLMERITZET TV MM Tr (0<r<1) Th
D, 1% T HIOOEREN L WGEIXH I T AEMP S > TH /L TE e, M
TR NT 27D OEREEZF L TN L TE, MFE1TRICALI LD LTS,
HLHITERICKRE LS, FUoFLIHE ST 2T LR TRHAZ L0 IR LINA D
VLUwDT—AEITHI D ET D,

3.1. B4 ORIEIT U RIZBITA1TENCET 38R E2EbR2WEE

A EWHIATEIOMIS L LT, LTFOIEE S 2 5,

(1) FENIfER1I THHELL D &T25 (WBHT2EENRTVULH I TERL,
L7z,

(2) ZWRBUBEOT 7R
OFEFRRIEZ v RCTHAIZ L COIEHER 1L T hae LE > 92 (BhT28&
BER IR cE el B L),
()FEFERFIEIZ 7> R CTH 2 LB LT MR IT 2 &R 720> o356 136
Fa (0<a<l) THHELEI T2 (BT 2&EDRTVULH I TE2R, W
170,
GMEFENFIRIZ U RCTHIZ LTE LT, #HFICH T 2GRN H - 1255 116k
1 THWBNET D,

Z DK A R, & 44T D,

HO—ODOIKE LTIV FIZEOT EXHTFOSD TN B TIERH T
3 DU 2% 2 ALLD &4 fHT 5, R 2% ALLD OfR AN x L CHE(brgIZ 22 7E (ESS)
THLHIOOFRMFET, UTOLOIZEXTED

§<wu—m. (1)

i

I

X (1) FfERa zE@ERV, ZORRIT, BASITELDO LT SICHEL G272
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32. BAORIEIZ Uy RIZBIT A1TENCET A EREZESIBE

A EWHIATEIOMIE L LT, LTFOIEE S 2 5,

(1) FENIfER1I THIELLD L9725 (WBHT2EENRITVULH I TERL,
L7z,

(2) ZHEIBUBEDZ 7 R
OFEFRRIEZ 7 RCTHAIZ L CONIEHER 1L T he LI > 2925 (BhT28&
P72 TR I cx el L),
(FEFERFIEIZ U R CHIE2 L TE LT, HHREICH T 2EHED R T2 551,
HrDHIE DT v RTH[Z2 L TWENZESW T TEI 2o 5, © LHES D iR
U RTHIE L TWebiE e THHNELE S 325 (AT 2&EN 20X
JicEel, WMALy) (0<e, <1), b LESWHIEITZ 7 RTIHEIE LT
ToiERe THIE LED T2 WBHT RN 2TEH I TERLS, Bl
VW) (0<e,<1),
()HFREIEIZ 7 R CTHIEZ LT 63, MHFEICH T 2ERNH - 1256130
1 THBNIET D,

ZDOHEMEE Serer EXfTT De; =, =aD & X (Sere2lE Re & —ET D72 Sere2 13
R.DPEIETH D EE 2D, £72. g —e;MRIZITIUTKEWIZ L, HilERIOB D55
FWERIRDITENET D LT DTED, e — e BTHBE S OFFIE L B2 2 LN T
x5,

H OO L LT ALLD % 25, Sere2 78 ALLD D12 A% L THE(LIIZZZ
£ (BSS) THAHODOFEMIT, UTOLIITEXZTED

S< T wt A=l —1)(eg —e)] 2

X (2) Feg=ey=anlx, X (1) LBLAALETSH, ELTZOROLLIT
e; — ;M RZFTIUTKEWVIZERE LS 2D, ZHud, HETHNES 51 E W /117H)
DEPEZ VT D22 EWT 5, X (2) OWMBAZHEMIZT 5720, i
er = 1D, e, = 0& M- TR G EEHZ 2L, Zobkx (2) ZLLTFToRITA
Do

CozmwtA-DFA-nIL @)
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ZORTHLT TV RTHIETLIENt T RETOMTENLOWH 1%,
A=A -7 1OkEETHEHTIEEERT S, 1 70y NEOHTOW %
FlE I RERIZ. MERH T I2EHEEZ1 T 7 FEICELTVWDIHRTHY ., Th
IZANTH D, HitW\WT, 270 FEOHFOBNZ5 S MTHERII. TOHREDL
ET, 17U RRICAZICH AT H2EEN L, 270 FRIZHFICH T &
FERSLMEERTHY, T, (11 Thbd, 3772 FELRERRICL THEAETE
Do ZDOEHICLT (3) REHMTHZENTESD, £LT, I, EHEINA
EHEOENZRET A TH 5,

4, B8R

ARELGGIFE Cl, BN EICH 12 L WU D2 L, EICH 12 LT iels
TUXH 2 L E WS HEDR, T 57200&HRS LI LIERL, ZHUCET 5
THRPFHFI DI GEICEL LT W E 2 LN Lz, DO —5 T, BlOBE
BFFEIE, ARSI T OIS LT A BB ICEL S 2 L TEHIT 10
O, BB OIERINTIE S NIRRTk L TIRFISIZET L2y TR 2
PHERE L9V 2 & 2B 5002 L7 (Fishman, 2006), 171517 > CW 2RIz
WCL EBRICIIARBGRII R RB T 5 L 9 72 DEE 2 HEEEZ & RB3HE L TWZ0h,
Zive b, Fishman(2006)235 "2 5 K 5 2 T T2 E A2 b F2VE LT TZD),
FNELENLOMWEIIM T & Lo T=D0, T OFEHICE L THBRZEW,

T, AENTAEMEOEICE U TR, BB DIER IE & ORRE T H )
LA THWMIATEINELL 9 5 2 EBEITIIRIC L VIR ST % (Zhangetal,,
2016), MR T 2&FENR 72, Z LCTHENIEH L Z L72GE, T2 b LIEIRE
BEORMNH H56. BRETHUATEINELL LT WTH A I 2, e LR
X =TT HTENENR LTV THA D 0?2 ZORWITEBENEIWTH S EF
XHTHAI,
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Evolution of cooperation in the case where information upon whether the opponent had

a resource for cooperation or not is accessible

Shun Kurokawa

School of Economics and Management, Kochi University of Technology

Humans often cooperate, which is one character that humans have. Existence of cooperation is
mysterious through the evolutionary lens, and it demands explanation. The evolution of
cooperation is possible if cooperators cooperate with cooperators while cooperators withhold
cooperation against defectors. This is a mechanism called reciprocity, and reciprocity is a major
hypothesis which may explain the evolution of cooperation. It is natural to consider that
resources for cooperation (e.g., time, stone tools) are sometimes absent and because of lack of
resources for cooperation (e.g., lack of time and the absence of stone tools), humans cannot
cooperate whenever they intend to cooperate, actually. And it is also natural to consider that the
information upon whether the resources for cooperation are present or absent is accessible to
the opponent player. Here, we especially consider the situation where a player knows that the
opponent player did not cooperate and knows that the opponent player did not have resources
for cooperation. When is the evolution of cooperation more likely, when a cooperator
cooperates in such a case or when a cooperator defects in such a case? Roughly speaking, this
question asks whether there are extenuating circumstances for the have-nots or not. We tackled
on this question by analyzing the iterated prisoner’s dilemma mathematically. In the first model,
a player does not use information upon what the player did in the previous round. In it, we
revealed that the likelihood of the evolution of cooperation is not influenced by whether a player
cooperates or defects when the opponent player did not have resources for cooperation and
defected in the previous round. In the second model, a player uses information upon what the
player did in the previous round. In it, we revealed that a behavior which repeats what the player
did in the previous round when the opponent player had no resources for cooperation and
defected is favored by natural selection. Thus, this model shows that when resources for
cooperation (e.g., time, stone tools) are sometimes absent and the information on whether they
are present or absent is conveyed to an opponent player, persistence encourages the evolution
of cooperation while forgiveness does not facilitate the evolution of cooperation.
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1. Bl

—RZICITEITEETE MIST J AICRESN TV EEZISNMAEREM. FATHETED L
BEERRESE - TEMERN & NERDS ) LMBEICHEZ S X 20 —ANL <IHESNT
WD, WEASE GrA=EDN) (FI IS BFRICTFIVUATHREL. 7~5AFERICT IV
ZHTI—SSVRBECHEIUVIRECED TLD, IMRADS ) AMEEIEZ D Ui TR
FABI TR ESNIZEDTH D, 7IUDEFERDIREAZR(SEIS USRS AICRIFE
NTVWBEEZIBNDN. BNUFEEREEUE - 1TEIHRDZELICHE D TR SN TE &
EZZ5N%. A—Ov/IEFTTUHDKRBRTS U h—R R RELTORFAFELR TEEN
WY ([CBTOEDIE. FS(CEEMEHERDS ) MEEICREFUZEZEDFFITHS '

AL -ITEMERAN E NERIDS ) LAMBE(CHEZSZTZHE LT, BIRS X LZNT U
—HDECRD Tz (sex-biased) &7/ LAEBEDERNFEITS5ND. XTI TA— RKFEDF+v
JrU - - TAIWTDIIL—TE. 3—0Ov)\OEBDNFEEFICDVNTE MO RUF
DNA (mtDNA) &Y R2eEAZzAEL. EFRBIOHIEMIERINR K IRDICHED T, Y REARIC
B EDERIER (EARE <RBD(CH L mtDNA (CH & DB EEFEEAEZRLLRWNC
ERBASMNCIUTE 2. BSIECDBESKEBLUOBEEDEL (sex-biased migration) T:HEA
TEDEL. FICBEORICEENMRAD TS [KARBME (patrilocality) | BN EDERTHD
EARERZELCTIz,

KEAEES (ECDIRGRZRIE T BN T, F-1ILBDIRs(CFEA TULDILEERR

(Hill tribes) OS5XABEDERE [EHEE (matrilocality) | OERZABUZ.

MtDNA & Y REBARDIBIGIEREDIEL D sex-biased migration (CEEE T DD THNUL. A
BETEXABEEFED/IF—DRENDET THD. ER. EFRSHEMEDS KUEHREE
BMIIEmE CTHEEL TLVE S, DED. TNSOEEENT —FDRTEVNIIERS X5 LADEN
PNEHET—ADHEICROIEBBO™ETHD &2 <ZIF LIz, LUK, sex-biased
migration (&2 \& admixture) DRAFE Ik < IAMUHE RS KOKPEFRIERDOER TR SN
1 DORHFRR L TND *°, BEDY ) ABFENAR TlE. RY>TA—RKZED /7 - O
—ECN=TER=IL - NILFT 25 FICERY 1 XHVNEWEE. sex-biased admixture
A MtDNA YHREATZIT TR ERBARDSHRECERENZ A I oIz #EFNETIL T
~LTWB S,

E hoiBs. EFYA XIEEFETHRHESIND Z ENFREND, RS- ItEBILE
ERERSHEHRTH DN, COMECIFHIRERTHDLSTY (Mlabri) BEATL
Do, RKHES(F. EERREEBEGNSIREDBRFZIRDIBNTASITY 54 #84KD mtDNA & Y
REAROFABEL D E. TOFER. mtDNA B 1 DOESISA TUNEDHNST, Y R2E
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EKICDWTIE4 DD/ \TOFA T UNRDO SN2 7. HS5EEAON 300 AREDEND
HTHBONEWEFTH DN, BICHNBSFRENRAERORSHEMEIDEE U BN >

END. BERMEREFA TS D, TNEHIBMIRIB(C KD ED TR EERE(CHAKL T DED
THdEHEENE,

BA (RT7FILI—=ILART VT 7 N) OBRREEEWES ) LFERIE. FADH
PIUHDEE. IHAEFHADOB TRIIMRE S > TLWERHA. FFFZTURIRKADT ) L
S5H%EONBTEERELTND B2, BVZFATEI-OV/IIALDERTFILEI—IL
ADBDEWNBLFRAN G DIESNTNBN S, RIFHY TAIZTREDI S\ - 2
—TDIOIN—T (. RTFTIVI—=ILADY J LNEREBFER L. X 2EBADTRALAN)LIED
B2 ERRELTNDS 0 TNEFIEFZITVUNBERADY ) LARICRDONBRTFTILE
—IILABRDT J Al THEBRRIDEEERKRTHDICENLDZNC EZBRIDN. €
N&EI—I53b- TR (LWEDIHBE(S sex-biased migration) DEIETIZRL. LD
EYFRNIER (BRBADFE) EUTHBALTWD, &) LABROEERENSIHADFAL
EERTERY A X D/NSVIAR R TH oI EMESIND 3. I—-T5(d. ERZRDR
TFIA=ILADG ) LABIEOHRT(EHIZERDLD (CIRDE D CLEHEEEREN. &H
HAZXDEDKEVNREANFADY ) LD—EBCIRD T EICKDFILBAEZ TR THD &
DIREZIRIBLTWLS 0

D UERSN ORFEEIMZ SFE X, AT TEUE-1TEMREN E bDY ) AMBE(CS
RADERIBRIDCEZRETRENETD, BEARNICEERBI STV LUER7ZT7ZHID(C
A—-SSTREDAZDIRRE L. AR EREDFHHRERS LUBHERICDVWTS /A
%ﬁ% SCIRD. ENBMSESNIET—FZEBULT. £9 (1) FHEEREEHEDE
G RREBREBESHCT D, TLUT (2) sex-biased admixture HVE k(K (F 9 278
™. HDUVE (2) RS (RIMEHCFHHRE) EAOBRBOREGR. 25(C (3) KE
MHEMHR SIFHIRERDIBEDRIMIC KD EDELFRADEMZHFERT D,

2. RIGE - 8XANTJ LfRIr

RERBTEMS KOZDEIAICAIE T DEMN ST UZEXAENS DNA i U, KR
H>—2OI > (Next Generation Sequencer: NGS) (CRDFREFEH iR lz. TDHE
R. FIEEBEZEMNSHE UK 2.5 FHERIOEXAE (IK002) THEREMNTE DNA H'ELEF
Toholz (RYTEK:2.6%). COAEDAGESHAENSHSTzHT DNA HIHZS /R0,
245 ) LT (1.85x D/\Lw>) ZEKUZ. CNERTFTILI—ILAGT LD RS T b
R E (EERFDBEICHHET D, ORI\ —FOKREDIRYT - J4S5—ALIJZEFLEL
EEBEF—LAEUTT—IBMZEH IR, RFZEZFV bz EDFHREROEAE (19
8.0 Tl RERMIZFTDHAEYS /) AELE UL,

M. EEP>F CRREZ UTEEUTVWDALIE. —RITIRTZEZ7 > b= F>
IFHIRERDFHRTHDIEEZISNTND, —A. REDEm7ZSTFOERMEE. R7EZ
T NAHRIRERDBERDTHRNEBHZZ T ANIEE T D E. IRPEZT > ULFFHERSE
E&EERIC, fhottis, (BRI7277) SRt ZE 2T ALNBAEL. BSHHo/2ETD
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D 2 DGR DD, AAFRDIERE. 8.0 FEAIDRI EZF > X btZ2E DR HEER
DEABD. ZOROBHEN I FE D ARFAUBEOE AT L FRIDELEZRF DO LZ
AU UNDBEREED 2 DOARGRD L S (CHEFET(FIR< . BUbZRF > ITEFHC K DEEHRDK
SRBADENMRK EE 4 EHD,. BEBLSFEMZEDRL. RAORE7Z77EEN
epkesncErzc szni.

TS(ICHERRVMERE L. Z0F) 8.0 TEAIDIHIRER EDERIERE (L. WDV
BDREVZTVHIURIZTDARZ KD, IKO02 ihahofz. I35, RIIEEXADHES
. IRFEZT7 APHERERDESR SBEEHSIFR(SEN > 2 & 7R Uz, CNSDDHEE
(31 DICHEEHT Science sECwNERRUIZ P, Fie. LROBREG, BED)L—hTE
TEPETREDBVZAREENBWC EZRETD. CDT—XI(TKD IK002 ZFE LU
s IREE R TH D,

. ERPOBIICDNTIEFEEA D/ \— EOHFEMFT TESDH SN

HeRMESE, diANE, Simon Rasmussen, Morten Allentoft, Takehiro Sato, Thorfinn
Korneliussen, Blanaid Ni Chuinneagain, #agiiO34, INEXIETL, Ryan Schmidt, KISE
—BB, IEEME, RIFEE, KEAE, A5, BHEE, 18ItEz, (LEERSL, BISS, %Mk,
SH, ZABYT, DEEIK, REES, 1BR[EEZ, Eske Willerslev, Martin Sikora

3. PEIIINASv> - &) L@

2 DDANEFAFL 4BI-97 BKRU 4BI-32. H'5 DNA =470z, 4BI-97 St Ui
4BI-97-1-2nd &. 4BI-32 h'\S#iH Uz 4BI-32-1-1st & 4BI-32-1-2nd @ DNAEE%
Qubit THIEL. ®NEMN 5.60 ng/ul. 0.43 ng/ul. 1.13 ng/ul Tdolz. CNSERAL
T. SATSURERL. A NGS HIETH D MiSeq (ChNIHTeEC B, B NN LAEERSS
ADIY T, ZTNETN0.02%. 0.12%. 0.20%Thofz. THDIVIR(E, HABMNS
85Nz DNA DiFE. BAFISTIIEENMERTH D, CDFFET(E LM NGS HIETHD
HiSeq THM I IMMMEN R T TRY A - FvTFv—=iTolc. TR, Yy IX
(. TNTN 0.44%. 0.46%. 7.33% T2z, TIH5E. BEBEDENT Y TEDHH
¥ (4BI-97-1-2nd B KTV 4BI-32-1-1st) Tl FrTFv—ICLDEME 4~20ETdo
=R, ABD 2 DL DY Y TERNESMN oIt (4BI-32-1-2nd) Tld. 36 & Tho 1.
22U, COEERE87.1%EEMN D, €I T, SBICT—HDEMET ITH., Si&.
HiSeq THH 9 BififEN D HMEREIH TH D,

. COMFRFTEXAD/—EDOHBAFK TESHSNTND :
EME, FiRMES, BRESE, N, FEEOM, A=, AHE, BUER

4. HAVERIEDS ) L7 SNP F—4 (26 & D < SkEIBIERRT

FATHTE * THOMHRE UIe 5 ISP TR ZT> TV IILERK S Bik6 £H [71H
M. URg (AARDVVR), URk (FI2S5AR) (UL XBEF) ; hv—ik (GRH
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