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Eco-cultural range-expansion model

and its archaeological insights

Joe Yuichiro Wakano

Meiji University

Abstract:

In the year 2017, I conducted a collaborated research with the B02 mathematical modeling group
members and Seiji Kadowaki, the leader of the A02 archaeology group. In a theoretical part, we have
developed a model of eco-cultural range-expansion model which describes the range-expansion of
modern humans in ecological competition with Neanderthals. The model is formulated as
reaction-diffusion system, which explicitly deals with the spatial distributions of modern humans and
Neanderthals as well as the spatial distributions of ‘skilled’ individuals in each of the two (sub)species.
The baseline assumption is demographic/cognitive equivalence between the two (sub)species and also
that the local density of “skilled” individuals determines carrying capacity. To promote close
collaborations with archaeology, we need to propose concrete example of ‘skill” in archaeological
observations. We postulated blade and bladelet as such, and discuss how known facts in archaeological
literature correspond to our model. In order to promote further collaboration, as well as to have better
understanding of archaeological empirical researches, I participated in a field excavation in South
Jordan in September 2017. The field contains several sites including middle Paleolithic that are
presumably made by Neanderthals and initial/early upper Paleolithic that are presumably made by
modern humans. Along the line of argument proposed by our eco-cultural range-expansion model, we
have performed preliminary survey on the distribution of the widths of blade/bladelets, which turns out

to be consistent with the model interpretations.
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Best-of-N AZFEET /L TIE, N=K W ORIV D D720, 25 LI Z oD AR o3t
THZENTERY, N#¥KRDET/VTIE N & KBTI Tl BRI 5%)
Ra UG- 2. D RTREMED B D,

FZE. Derex and Boyd (2016)(Z & % SE8R=E CO YLV SEBROFERIL, RO B DIEILE
Hitf(rugged fitness landscape)D b Cifd & 2 S KIZISWN Tl FFREEEIS /3 S AU 2
BT, U EOHE N b5 < 20D 2 & ARR LTV D, BIRD & D R E T,
JRATZR IS 7 WIS T v 7SN TLE D Z &M, #IGE CUbRZKE L [F%
e LTHNTWD) offseriin B2 & > TRROBT & 782, R0ICHHEREORESE
MEE BT E L, SR E L CRFIE— 2 bk TR K T &
TLEIDTHD, —H T, bEVITHRHEEENMRNE | BISEO @ MBI SUEAERIC
JEDIVIZL Ko TLEI DT, Zivh bl bOFE LR D 2 &2 d, ZD
TODRIRBED S ST AERL PR S EN CERE Z2 f bmed H 2 &R H DT
&5, Derex and Boyd(in press) b £72, = 9 L7FBROFERZ | BEEET /ML > THILL T
[AYN

Derex and Boyd(2016)i%., Wik &L 7= MW TR OB SR O 8 % i~ 7= 525
e CH 5, ARTIX, Wh b SHERTIERe < TEESEH SO LABIEL & 72
U Best-of-K AREOMHAA 2 TTI LT BT VAR L, RO A X LREGE K 725, RO
& DGR BTSRRI Z 8D K D 75 B % 52 2 DE T LTZEFIC L 5B
FMAFZE 2RI 2.,
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2. BTV

G720 1 UOTOBERHIIVE M2 E 2% (K1), HLHAOKRE ST N TREE, HAIHEK
ThdH LT D, HR, ZNENOMKIZ, R m TIRERNEE, FHRERATER L
TABROIEMI IS LR T+ 1 6 L<IE— 1 T2 d 5,

2O 1 ROV EZEE iz, RO L > TEFR SN DS EREE S 2 5,

F,=1i+1U_¢s5,0.s5 1)

Z T, FIPHEZEMTONE i 1T D80S, r ITEDOFEE, Uososid. XH[-0.5,0.5]
DO—FEAA DI SN EETH D, A i 1FFIEETEEE & 2 LIRET 5, FITRIC
RIS, PIHRRREIC IV TR OIS X W IS EHE N RET 5 &, 2Dd L I138 kL
20 N TLELFO & XX, BIGE FIIE | OGN TH Y | SIS
[HBOTHD, —J7, rd1 2R &, BISEIILEO BN CIT <20, &
i MR TR 2 70, FEEE 2B TR NS j 72T BN AT E OwI S DS (i) 9~ DR,
TIeb Fiu<F LI DRI, j<r 7 HIX
2 - S D B

ThHY j2r’2blE0 THD rBREVZE,
BEAV T V(& C ORI BE D IHADN L & 94 <
7225,

B 212, r OIEEZEZ 12 & Z OIS EHITE
DA RS, AT EE, MO s
HAEICBIT AESEELRT, =1 TlE, #
JREED A 1T &3, B I L

mf2 m/2

\/ HINCTH %, =2 TiX, B T DL
— e >+
B 2 A 1 M BN WEE, =4, 5 L7250, SHITERITRE

B pETRIEMcRany

72D Z D35,
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3. FER

Ba:r=1sBOTRENS TR EXIC X I98 SBIO4IT. =] OFDYI 2l —
va CORERE T, M3IE AR (B
fil) (TxhLC, SER OIS & D
EOTE LTS ER LTS, &
y 7o, M3 DEKTIE, m=0.1, N=100 %1
il ELTBY., K OfEICGRUTYttE ko
T BRI 2D & 5 BT B hE R, 4
BCIx, m=0.1,K=3 & L, £ 1 XN
DFEZ L TW5, W55 5 X
T, BIROEN =1 DFATIE,
TN E R R A NN ESEY SN 59
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BOVHIEIGE) 2N K & N OEIZE T T
EDEINEDLLDERLTND, 2D
P63 K912, ZBRERE m OfE

ZEOTF, K& NITE BITIEOFELEF
O, Dl ELNA 100U EDOE Z A
T, K OF DX R & 7eit8i% 5.
BT MGG,

W, X5 EK6I1E, =2 D& XD
RERLTND, ZNHORORIGIE
X3, 4LFLTHD, K5ERDEDLND LI, BISEITEIRSH D5A1E. UL
HEIL K & NI OIEFICRE REBEZ T H 2 030D, EETREE, NEKR
MRS 2 EZFRH25E0W) 2L ThD, HMEDONTA—FHRETIE, K2 X0 b K=34
DI NIAC LRI TELS 72> TR, D7 &b ZONNT A—ZFE T K 133Uk
WECADELE H O LDy h D, —I7 T, M5 DAMZRS &, N=100,300,500 &4
YA ADPREL 2 DIZHONT, Y EEIIRE < EH- LTS,

X6 %25 LD LI, EHYA X NIL FISUEE Rk U CTEOF R AR
O, K DFBNIMOD /T A —ZEIZ L > UTHF IR WEERH D Z EWVnd, —iX
HINCE 9 & U LHE 2 AR 6T 2 K 9 72 K DIERFEE L, ZOfEIE N BARE VT E,
FITIRERRE m PREVNFERELSRDZ LMD,

E6:r=212BLVTKENS ERIEEEICEADEE

m=0.3

 ——
“Hmm

4. E82

AWFFEL D | EIRO B DI SEHIE ETOIAEL T, LMY A X ARG GRS
L HERICRE LB aRi D IR LN E WD T LN BN o7, YA X & 58058
Q@LCWﬁLT\iﬁ@k®@§%ﬁﬁm¢5i5&%@&&%%@%Eﬁﬁﬁ?éo:
UL, IR B DTSR BBV TRAG EEDS & D DO 2RI AR S
RThHD, F—0ORE LT, MEEBRENE, LY EWVEISE LR Or—/LET L2l
9 DR L35 DT, IR ER TOSUELEED BRI 5, —757, H_0zhRe
LT MBERRETED &, RHPEICEREORATINRE =712 T vy 7 Eh, REIRY
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ISR SR LT LE 90 ZDOZDDMRNH D120, FGEINSTETH, K
XTETH, YL HIZAORE LT L TLEIDOTH D, ZD L5 IfERIE, ERD
& DY =TI, R PRREICAWE S TN D & &I, b U EE < 72 %
VD T BRI AT O5EERDerex and Boyd, 2016)35 X U4 (Derex and Boyd, in
press) & b —EHT HHDTH D,

AMFFED IS R E IR, BICERTED S £ D ITHIRAITH Y | BIEOHNTY TTD D
DR LN & ThH D, A%, AsUWESUbOBEISERTE) & D X 5 8ikE L Tn L 0
M, FEREFTEE L EEICI O MM L, ARIOEEDONEN R L ChassfUEH o kic
BEHTE 200 EER L TOSLERH D,
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Effect of Population Size and Connectedness on the Rate of Cultural Evolution on a Rugged
Fitness Landscape
Yutaka Kobayashi

School of Economics and Management, Kochi University of Technology

A major goal of the PaleoAsia project is to reveal the regional diversity in the modes of cultural
evolution during the replacement of Neanderthals by modern humans, and for this purpose, it is
required to refine and extend the population size hypothesis. In this article, one of theoretical studies
recently conducted by the author, which contributes to this refinement, is presented. In the model of
this study, cultural evolution in a rugged fitness landscape defined on a one-dimensional discrete trait
space is considered. Key parameters are population size N, social connectedness or the number of role
models observed by one individual, and the mutation rate 7. The results show that N and K have
similar effects on the rate of cultural evolution when the fitness landscape is smooth. However, when
the landscape is rugged, N still has a positive effect on the rate of cultural evolution, whereas the rate is
maximized at an intermediate value of K. This result conforms with the result of a previous

experimental study.
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NUFT T b FHEAFSE B02 2017 A E

EATHO Y 7 MEREHERIHE OB

il
KO R AR T

FEOFIFCHE LORFFEUZ I T IED BREHRAMER Lz (b D WIEA THIER LT %)
BREERT D 2 L1E, T OEM AR R 258035 TR A EZ 52 5, ZD7-9
LIzt N CRMEREMAZZRT TN D T A LB W TETIICER SN TE 27—
~ & LT, IEOBKRERNDT ) MNIFR LTy 7T VOB H Y . Ot ZE LT &
1RO TRIBIEMOMREZ RIS 5 2 L D3 5, ZEOBHHIEDBRIE SIVTE 2T/ LD
MNZARMEZTE T 25513, 25 7 LT = /LOMBIENT (GWAS) DOz, Z2EHIHIC
HHNDERNEDOIE, RN T LAVOBEEE A, 7 LUROEGII IS 7 7 n—F 0
R H 5 (e.g,Fanetal,2016), ZiLHDZIVEIUTIRA EFIHNH 5D, rHEEZSARM:
(X — VIR AR DX DA77 7 e —F Th D0, ik ek MEb
L= & 977 a— e BB bz it T2 2 L IFFEERIC TE 720, SRURHEIREATIZ RS
57 LIVOBEE AL A IREROEEL Z T VAR IR CTH L0, FRICTE 7 T 7
A v 7 IRsB T B UE T 8 5 T2 OIZ WA OGN T EEIROEUENLE L SNd, 7 LIUH
VG TIFILENT T & DZERNE & 1352 DIFMAE L A TOD P, BB I K > TRD
T KA AR » ARy FOFEPKKEICRE W, AR TIL, 29 Ll L 5hs
ER LB T Fa—F & LT, 7 LIVOBEE SR & 7 LVREEIHES < MHiE 2 T
LS BHFET %,

1. JFE EBRHEOREE
IEDHREROKG L 72> TOLEIEEAL (27 %A ) IR 5% (a74R) %,

LRI BEERERIIC b IERERIET 2 Z LI Z 3%V, 27, @F =7 %A b
(CHRSHEEH L T, 7273k D (B vy TF A F7) LTWDHEEE (= Eﬂ?) DIACHIZARNE
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DFEEL Y — 2 % T30 129 %  (Maynard Smith and Haigh, 1974), 72723 0 25 CldH
FERFD BT A N—D (a7 EROa—4) NEETH D, BIROKNR L 2% a7 ER)
B LW Lo TAELUTESARITIE. RIA N —b e vy I A I—bE—EHTH D,
MEONL DD HDN, A=A L THZOMICENSH D IR ZET 5, Z0VELDE
ZAC AT EEDEE  CEEIT TR 100%I272 5 Z &) FHUE, 7272380 L T2 a7
HHEET D, Z0& & a7 HERCIEMRNAFE L CWEBIEIZERMDS R S LD DT,
Z DB A FIAL (selective sweep) &9, & <IZ, H—EJROH Y728 LA ~—
REERIFAL (hard selective sweep) &9, ZAUTKT LT, BEAEDZRIN IS B ERET IS 52
FVIEOHREROMR L 2D L XX, aTEROav— b vy F A H—THDHATH
WOa v —HbERTHAD, ZOLEATHEBUIIL, (ZLONLEARENFAEL S D L,
ZORER AT IEREBEE L Th 2 7l IR AR L TOD v Lty ZOiEfET
FIHMREBIC IR AKAFE L TV Do WTIUZ L TH, Ot —E 6705 a7 R RS EIRO
KR Lo THLDMIEE D550 % Y 7 MBI (soft selective sweep) & V9 (Hermisson and
Pennings, 2005; Schrider and Kern, 2017), Z D X 912/ — K& Y 7 NMITEBER2ENNH H D3,
SN Y 7 MEREH T I 72— RERH L 250706 L LTETe, LIedi> T
VA S LTy 7 MEREHEAZZ 2T 0 Th 5,

B ORIL, 2 T RN EET DRIOBRE T HMRHNAEETH D, EEIZE STV
72VNDT, Y (partial) . AR5E (incomplete) & AU NIHETH (ongoing) AT 5, A
MBS T O Y 7 MBI LRI T 5 A2 ER T 5 (T Y 7 MEREH L), Zo
WREClE = 78R S 2 7 G EM P TLANTH 5O T, 8 LT 5 o 7 ko R EE
a7 REAR L TSN TTHALIC R 5 Z L3 TE D, 2D L EREVDIRE=

k=L OEENE R T, TR OIS E 720 5 5 b DI, HsAEE L 25 TS
ThD, b FOFERTHZIE, BHIHAZRRMRIZISIT DT 7 U B &2 OBITH AT L
TS 35, LIedso T, 77U 0 L1372 5, HUllErA O LUWBREEA~OmE) S 2 PR
HI 2O, ZAUTH LT MIFEAZLMEE ORI » L ER 258 2 )3 b 5,
ZAUTTERIEIA L (complete selective sweep) DX TH Y | Z O HIECRFRA 2 f HHRR
FUZONWTIIREHRET D Z LIz Lzl

AT Y 7 MBS & XITHWAJFELE AT CH 5, T a7 LRI
iR < HEH U7e 2 T ERO A AR T D, £ O L ) 7R R T UR, S L IEIYRHEE
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TR O Y 7 N BRIREALRR R OB 38

FIFBRHTE 220, a7 HRORE SITFREZFRT RV E BRI, /NS E DK
OIS ER A TE AV, 2 2 TEa 7RO FIRE ., SEHICHE TE 55K
DE—IEFEZM (SNP, single nucleotide polymorphism) $1 F2EEND HD L EFKT 5, 100
FREED SNP YA 3D Z ENEE L& U, HESHTIX 10kb FRER TIRE 725, =
TR ARIET HITIE, LRI % 3 —a— RERSCEGFR O RE VW5, =27
SR FEIUR, T ERA a7 AR LR SALTV D SNP A R OSBRI A

BAICRAED D 2 ENTE D, a7 EHANEEE 7 )L — T NOLER: A PHTZARE (Slatkin and
Rannala, 2000) &\, ZOEIGZF, LEFRT D, FEAVNSITIUIPEISZARIEIES . L
Do TaATEROBERITRNEIFRETE 5, LU, BEESERWIZH DD HT a7 28O
BEEIMEL 7oV Z EMAA > b Th D, FNLARGAITIE, B & RO ITEOMBIA
&% (Kimuraand Ohta, 1973), BHEENE NI 23030 B TP ZARMEAME < Al & f]
preEiud, = 7 AERITTNLTIEZR < IEO BARERDMER L CEI O = 7 feEldk a8 4 b L
TWD Efifiamd 5 Z L7 D,

2. N—a— FFIREFMEHE
B DHEMMNDY TV UInAKOYLRT ) ZZBA LT, SIED SNP YA b7 55—
201D~ RF) w7 A} CHRHETH,ZZTI<k<S L 1<I<nThHY yu=1(F
72130) 13K H OYLROkZEH O SNP YA hONVEFEA (F7213007) THH LI~ b
Vw7 ADEREZTEFR L TH D, LIz -T,
N = X1 Xkl 9]
I1ZkFEH D SNP YA MMZH DY T NHOEEROTH D, £i-.

Ny = Z?:l XriXkl )

(3 r#&H &kFEHD SNP YA FRFEIRHICAESRTH 8 TH D, LR TIE SNP ¥ brid
ATYA P THDHETD, ZDEE (2) 1, a7 ERREL aTHEENORNY A MBS L
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BOEVORRE (D) (ZEHACEIR L.,

D = frr = frfi ©)

L% (2T, fre =nu/n fi =m/n. fr=n./n), ZODREORELT N—a— K
FoRE L BIZATHEBMOHEEIINND Z LN TE D,

ARFZENZIT HDRRNEORHEE, £7° (1) On lTHASE R SNP A R &2 OZHHIC
JGU T8 T HZLIZH D, Tim. 1 <n, <n—1ThD, n, = LT T E R
MIELRNYA "k THY, ZDOXIRYA N 7N hy) OFEEYZFIMTY T
A1 ERET D, DI TA21F, n =2 (FTNb2) b =3 (FUTFVEY) v
725 SNP YA FOEF Y THD, 7 T A3DVA MI4 <n, <9%&47-9, LLFn > 5030
YU TR LTI TASETHIET A, ZOHHIEbE DL KT T RITET % SNP 4
A NS, EARES—TED & SR SNVOIRHERLE T VOB (XEFED 12785 X
NI N—TI LT b D72, ZHUIRE e 1 37— TlIfsic LFER S R2WZ Lk 5,
VIS THD, 22T =1008ThH D, 82D T AITEIT DHn, DI AR S—T,
Ny — Ny DEZE 7 L—"—TFER LTS (Fujitoetal., 2018a,b), L7=3->T, #RE& 7 L—
2R LT AA—DFE S ARIE LTV D, FROBKEESD a7 THY . 2731 k
(372 DB 3RREIAE S 5, 27 SRS L7zl 0 EH A I EFR L TV D
T, ZOFEEKAND SNP 1 F ORI EEHRIR R B D, D/ —a— RERND, 2
THEHRAND 7 T A3~6 TIIIR/N—08Z LW & RGN D, ZHud = 7285 i L7248
BV 72 S EBSARMEDIR FBEE TH D Z LIRS LTS,

o T RN O SARNE 2 E B L9 572002, BIRROF, 2RO X 5 18T D,

E; — YkecNrk (4)

Ykec Nk

(4) KTHTEORHZHDFNL, FEET D2 T AZHDHTRTD SNP YA hklZoNT L
Do AT TIEFANEG LT 2 T RN O RO TH Y | RIS R OB &
#9, Ll (4) O ITARaTEROBLCONDYZ 7 AAHERZNLY M0 s 7 AD
Yitr. WS ZIET 2 2 L3 b2l ied, a7 ERNET D7 7 AL VRO Y
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AT O Y 7 FEIRE LR HTE OB

TAIRBTDEELZ ENFETHD, o, 7T A1 L 2ITFBEROBNA—nH 5, =
ULZNDO D7 T AOERIL, BIEFLE W) EWHIICBEFEL TWD 2 L2t 5
MU (4) »oEATHZ EBRBETH DD, Tt & MMEMEZ 72 572012 Z OB I T
RN L L LTND, FEEESNP YA MY T A1 ~3DOERNHIZELTTHTH, (4)
KOG TELE L TV D EROBREUIHHENII R E W OBRIMEBE OB NS W, 22
S LTARALD 7 T A1 HEBOLEAEIL, SR EAMER L CE i 2~ 8 s LT
IERT 2O HYTH5H, M1OFTIEaTER BIEOa—H1349) 137 7 A TICRE
THDT, FAX7 T A6 LU FOERIZOWTHEET D, 20D & EHEEF T T2 1.5%I2 L
LB, ZAUTDEIGH LD 72 WG EITHIFF S VD E, = 35%I200 L THRD T/ E LY,

1, SNP 7—X D/3—a— RER (LD FIZZ 7 A1 5 8FET), K7 7 ADHEHD
ATV B T TR, TROAEEEHS (SR 13 FY) S 7EETRE S
18 kb IZFHY 75,
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3. FEfEtED A

(114

(4) N TER LIEFAETEDE O /MGG T 00> Ty, ZZ2Tldar Ltk
CAEERATER LTey R 2 b—3 g VISR DR R 2R, BB RPN AT,
A Rz 7 IO N ABRCRFEEMLED NOIERIR EOTE T T 7 4 > 7 IRBHRI
PRI EDMT E LV, ZO—F CIEEIYHEICK L TUE CTHHRE Th D, X213
HNLIR55 5 DE, DA Cdo % RN —EDET L & b MEM DT — 2 1IN EIAEL
ZEENDET /L (Schafther et al., 2005; Terhorst et al., 2017) 23 L CH D, W& DOoAm HVEEL
LCWAZ &, EREBEESND X 5 72T E 7T 7 4 v 7 IR BRI DOF et B~ M52
SNWZ &R, £ AMOE 0025 1S ETIZE N IEFITIANZ S ITFHEN B 5,

ZHUTKI LT, V7 MEREHEIMER T2 EEOSRIIRE S B L, /NS 7205 0E L
b2 2%, ZHUTETT BUED = 7 ERMEEE35%) DY 7 MEREE T S AR
WELUERTFL TS Z 2R T (M3), ZDOX D ICE M EITERIEMIIBIE TH Y |
ZORRHITE LTV D,

X2, a7 EROBUEEEN35% D & E D, PALTEEE—EDIEEET LV (F1—) LfE
EEEITT L (AHA T—) BT DEDLR, FEHERSIET /W8T
Kaz1%E L=t EOFBIEIL. 38% TH Y T —X D OREEEE, = 1.5% D 2.5 5 Th 5,
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004
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002

001

0.00
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TR O Y 7 N BRIREALRR R OB 38

43, =7 ZEROYBHEN0.8%., BB 35%D & & DY 7 MERELIZISIT HF.0
AR (B ) EIX 2 OHNHERESIEENE TV COF, DA (RA1A 7 —) & okkig, H
Vet 2 =2 b—4 —(d Kermn and Schrider (2016)? discoal T&H 5,

0.00
0.0 02 04 06 08 10

4. i & i

Z OIS LI TR Y 7 NEIREHE A F G HE ORI T 2 R, TR T T 4 v I 7
TR U CIREIR T 5 23, U ERNCIFBUE Th 0 T O v —iT@mo (K 4),
INBITEOHREIR AT 2775 LI E LWEETH D, L L, EMEHRIT=
T RO & BUEBE ORIFIIR KT 2, & <Y 7 MERIFbOSE . P
FEDRE & R L DRHITARI ClEed 725, LinL, ZORITRIHIEOREE W
E0IE, V7 MEIYMHEIR A ARERZRARE TH D, Z O EFEBHTIT, WIIERE A IRDHEE
W& ThHDH, ZiUud— RV T hOXHFIZ, SNP 7—F 026 ED X D IZHErTE 57
EWVORBETH&H S (Schrider and Kern 2017) , F 72, BIEAEED @ & FERTAOIC R E 22 FAH
&Y D D720, FOREHHAEMEIER 2 BT BHII3RRE TE vy, FHEROT — 2 2K
FXTEORES I 2b—2a VU TRET A RESNRH L0, ZNOIFSHOPEE LTk
ENTWD, FIZIE, /~— REREH OB TdH 2 HFRMOFRZERIL, 39— /3T
DEASEN 51% Th D, ZD & EDFE,OREGARH —FOMMRFaz1% & LIz ED
BIEIIX 4 DG L el (BRI TV COBIEIL 7%% 2 2.5), EEEOHEEE, EIX
0.6% L7372 EROEAZBEITR LTV D, ZNTHEDOHEITITHT- Ry I 21—
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Ta UL IR D,

AT A YR 2 b— 3 U TCIEBAOH X O T L T E 2, ZOUEI,
N REREHE E B2 0 V7 MRS TIXE ORBREN SR TH Y 9 Hl-Ha T AR
DY L & BITHETRERTH D,

X4, HIHIBEE0.8%, BIFEAERE35% D L XD Y 7 MBI EIZISIT B F, O 2 F85534i (discoal
\ZHD< 2 2 b— 3 ), Schaffieretal. 20058 5T €S T 7 4 v 7 ET /L CTHAL
5556 (AAATN—) 1T LT, 3AROIRVERIT = 7 AR H1ED BRBROMR S
(s) xEEMDKE E(N,) KT, ZZTIHEIN,s = 100,200,300, FH—FEOFLY HK(a) %1% &
RET DL, 2O L EOF,OBIEIZHPSII56 054D 53.8% & 725, Bz Kk =
TUREA S O B L TIUT T 31 - B THD, a=001DLEL <015THHZ
EMMDE,D/RT—3> 0.85TH D, WL TRIFIUTTROE E LR/ ST —13H 3 5,

o T Nes100 |
Nes200

02 Nes300
Schaffner

s
ABIFENE, # TR AR EOTRFM 7+ LI IIE T X OIS0 7 2
-t & OIS DORA T B = & 270 LTI 5,
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An inference method for ongoing selective sweep

Naoyuki Takahata
The Graduate University for Advanced Studies (Sokendai)

Abstract: A simple method was developed to detect signatures of ongoing selective sweep in single
nucleotide polymorphism (SNP) data. Based largely on the traditional site frequency spectrum (SFS),
this method additionally incorporates linkage disequilibrium (LD) between pairs of SNP sites and
uniquely represents both SFS and LD information as hierarchical “barcodes.” This barcode
representation allows the identification of a hitchhiking genomic region surrounding a putative target
site of positive selection, or a core site. Sweep signals at linked neutral sites are then measured by the
proportion (F,) of derived alleles within the hitchhiking region or the core region that are linked in the
derived allele group defined at the core site. In measuring F, or intra-allelic variability in an
informative way, certain conditions for derived allele frequencies are required. Coalescent simulators
with and without positive selection are used to assess the false positive and false negative rates of the
F. statistic. The method is powerful and can be used to identify SNP sites responsible for ongoing

selective sweep.
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1. EA

E9. U 2RO L DITERT D, ARTE G ICXkoTAll S,
S (B &) 12 Ko TR SN D IEH, 38 KON ORFHIZ IS ATERATEIOEY) &

ZDOERICAN Ui b — 7Stk o7 23, 0,1 —~<27 hLET /L (Strimling et
al.2009) THd, TOET/ME, —EDOKE I N OFRRER & SO R 2 UL EHE %
RET D, EENZHTET 28N (BRI ORI, Fred 2 3UbERICOWTIE L &, 7
Ff L2V SYEERICOW L0 2 EHE L 57 MU > TERAEND, ZOET /ML,
MBSO PN HERREEN 5V (Kimura 1969) 25 L L, SUEHSICHEAT 57200
DIPDTRMMZ BN TNWD, £T, FrAENITIEE (naive) ThHH72D, EOIRAEN T
TOMBIRDHNY FILTERIIVTND, RIT, FHRER L OFRIT (ERFEICLD) 1/
Vr—ya UMUESHTEY . ZIUSL > TH LW SUREEMEG S D, Riefkic, R
BT 5 ULER 2R PNEE TERWVGAZEE LT REMAEFEICE Y &
EHEL (0= f<1) WERISILTND, 7B, HFEOMEN2 L2 L > THEHRDAIN

ENHHEEHHY H DD Henrich2004), 0,1 —X7 "MLET L TIIZNHDHELZEE L
2N, LR, ZOET BT DR OMITRER 2 24075 (Fogarty etal. 2015, 2017; Aoki
2018).,

2. AT WU X BT

0,1 =7 MVET /UL, A7 VP (1=l N) ZZ8E UTRITT 2 L8R Th

Do AT MVE EIE. N AT T NDBFTFRFT D8 5 VB OB TH D, TOWIHEZ
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B 9%, AEIELA Moran (1958) DHIAESETTB#EHIZAE Y, K SULEROMNIIZIED S &

RETIUL, 1R (time step) HOHIFHE B 1%

B'= Pk (1= )+ B byd; + (-, )1 -d) )]+ B (1= by, (1a)

125755718 (by =0, Py,; =0) THZHM5 (Fogarty etal. 2015,2017), 7272 L.

R =R+uB =F (2<isN) (1b)

XN NDEREFICE DA ) Te—va v ORERT, £V, B (Isi<N) 131/ 7
= — a3 VEZD AN MLVOBIHETH 5.,

T2y FRERNS TS0 N ST F RS0 1 AN DA ) T =g
RChHD, Flo, b LI ADBFFIT 2 ENENOULERIZONWT, AN ZNEEET
DHREERTH Y, diX I ADSFTEFT 22N ENOUVERIZOWT, ZIEFFRFT DFEEE D
FECS DR T Do A TIIUVEZEDHTR] « AFTRHC Ko TR 20 (fH
KLV OUERRD2Y) EARELTWADT, d, =I/N &72%, —J5, b |l 33ULEFED 5

U5 (FResff),
EREERHOL E T, A ) To— a AKX B REMEMREIC L A1HK. B IO
DR L DI Ao T R RAE T

~u
(1-b1)d,
- [aba-dy @
B =p—= </=<N
T -b)d;
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MRV 37> (Aoki 2018),
3. Cppp BEVCpy

AR BINTE ENDIEHRE B LT % 2 OFERT Do £, ERITITE ENHHH5%
mHIALEHR (Dia< &b 1 ADFFFT 2 3UEESR) O,

Cpop = Ezj\;lpl 3
Thd, =, 1 ANM720 O A BEZ OE X,
1 @N
Cind = N El=1 lf; (4)

Thb, 3) RFELIT @) Rz Q) XERATIUL., ZNENOEEONVHREIZIT 51
PHEC,, E121EC, , RE D,

pop l

Oswalt (1976) HEMROLEMERT BORBERIL, C,,, [THIET B £ 52 BB,

4. FUoK LFUTIRE, EERE

7 2 LFHT (random oblique) s s IE, FERDS N NOFEREOFT D1 NE T o H A
\TBRAT, ZORSE DR 28 U LER 2 ENZIURNIICHESR B TEET 20 TH
Do ZOYa. N NDFERZEOHRD i \DPFFF 5 3R OWNT

bi =/3)_ (5)
ThHY, ZNERTEDd, =i/N % (2) RURATD &
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©)

w185,

T (vertical) {ZiEEE VL, AW FRIRBISITRT 2 VBRI mE S LD EEIT
%. BAERPRITOBE T 2 DTRATHRE LT 5 01E, 70 ¥ 2RHTREE T
{RIEDNED KR TE RN,

L AT, T X MR THRE (Foid@mEnE) Oh, FRL & I3RI0EE7HEHIZ X
U]

Gt = u(ﬁ%) ™

ThdZLWRES, (1) R, EHOKE S NARVASARVIRY, C,, 78 NIHKAF

LAV EERLTVS, —F. (3) T (6) RERALTRDI-C pop (0 N EIEHRA72

HEINESFRIC 8 2
BRI Z 1 O (it

AKIFAEEFEC L DR TR S D, BIEFOBERIC LD EMBE L K& < #p
DR, xRN T D 2 & BRUOSYEEROEFHIRIRYE (bias) 23S 2
ETHD, NANETK (best-of-K) &I, FAEWRN N NDEREDTING K NET 52 A
(RN, ZD K NDFEEEZOD &b 1 ADFHRFT 585 3 UbER 2 2 N EHINLICHEE B
TEHETDIERERTH D, ZOHE, N ADEEZEOFRD i NISFTRF 5 SUEERITOW
<
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o))

L (x)= Gl RCa D R G N I SNy
y y(y=D--1

WIZ, [AlFH (conformist) {RiEE X, ZEURDFTRFS 5 b2 A BRI ST 28k
T D, XA (anticonformist) fmE ClIils, DEIRAIEFS 2 UL SR R &
Nb, Ay FAERNBN NODEEZEOFNS K NeT v X NGRS ET D, N NDEREZED
H O i NDBFTHEFT 2 UEERICOWTE D 72 bIiX, ZOK ADHFE 19 Ej AR E P
T DRI

nikn =[N (Y )
o)

IRDEERMI A L > THEALND, TI T, K=4MEER LT

3 G KN, e+ (K 12,K,N, )2

b. = /3’ (103.)
! K . . .
+ 3 hG K N[I= (K = e]
K =3 DNaE7e 61X
(K-1)/2, , . o K . . ~
b= B G K N je+ 3 o hGKN= (K - e (10b)

LiE< (Aokietal. 2011), £ 29D &, e =1/K72 61T (10) L7 ¥ LpHTImESE —EL,

£ <1/K OBENFRRGE, K MR CIK <& <2/(K -2) £7213 K T
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/K <& <2/(K -1) DEEBRIFFRMSZEICAR S 95,
6. HxRMEEFERD S & TOARY ML OSYEE

N=20,8=09, u=0.1%EL., FRAXZEHNTEE LAY MLOYEEE T
T T 7 TRT, T2 L. —RBAGSEIC OV T AR () 2SE T2V, [Ei
N2V a2 b= a IR TARY ML ERDTZ, 2212, —RZAREL L, Follet
E#EN 1 NFEL, ZOEEEDMFMTICAENTERN SR Z OFEEE 2 & T 51k
WAEET, AT MK, BERAIC K- TEW (BORLE) [2H 81 o) I2b R
EERD Z ENRNBHAIULD, BRI, N =20 FFHELERD/ NS O3 RO
RESTHD,
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1
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b D ZENTED, FREDEEDEDRVREROEE, d =0720T

B'=P. b +B(1-b) (1)

w135, — . BERMNEENROERIIBNTILD, = 072D T

B'=F (1-d))+Bydy, (1)

L7p%, IF, SWHEZ LT 1 NBATZ VBT T 57 BIE, 1Y o A AR
FOMPHIE, EhBr =1/SBEV, =-1/S Th %,

8. ET VORISR & AR O B EIRA~D)HH

ARG TR LTcB T ME, — 2ORMZRRLT 245 NS, JFERPA LI HETO,1 —
X7 MERNSSE D, —J7, BEOERZ 3 5 55 R5E T, - OERIDSC
fbpy7eikigz (AFR) 0,1 —~27 MV TERET 2 FEN, LIEULITHWSGR TS (Pagel
2009; Jordan & O’Neill 2010; Mathew & Perreault 2015 72 &), 7= & Z1X, Pagel (2009) | %, Swadesh

(1952) DHAGEH—FaZ 0,1 =7 bUEL, A > RI—n v/ 5HE8 7 5iE0RHE
REHEE LT D,

F72. Mathew & Perreault (2015) 1%, ALPE7 2 U BIEFEROEM, WHESUL., W§HR L1
B3 28T L D7 —4 (Jorgensen 1980) % 0,1 —~27 UL, T bHOEMIZHTES
SUCESR DA O T, SULRSRIEEIRR, SR OHERAEREE, 3o JOVERRR OB %
FRTND, £ LT, UbRIRMBENRD e b BELEN TH 5 Liffam L T D,

L AT, KRETNONOREIRE (T4 MEHTEE) OMEmIE, MO & TH
OBFRIZESH CTE 5, DF Y, KR Z LT T & LR G FEMD TR L, BRI
FHE LTS U VERDS E VISR B TN D LEZX D, Fo, —
DOEMD LS H 72N, BIDOERN—2F & NI 20T Th D, EHEDOH
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B o D55 1E, FIFiOR0 HTHZ D) b L, UEASRFEBHRNEE CTH Y | HEE[RED
R CE 27012 K1 OFEOES T 7D X 978 AT MURHIRINDITTTH D,
7272 L. NIZH# LT D1tz % (Mathew & Perreault 2015 D56, N =172) Th b,
TR, PRDEZS OREHERFZEEEISEH, /)3) 73 Mathew & Perreault (2015) (ZFSW TRt
FLIZAT MVL, K1 OFEORS T 7 & MRS EER R b7,

G HISCHR

Aoki K (2018) On the absence of a correlation between population size and “toolkit size” in
ethnographic hunter-gatherers. Philosophical Transactions of the Royal Society B, in press.

Aoki K, Lehmann L, & Feldman MW (2011) Rates of cultural change and patterns of cultural
accumulation in stochastic models of social transmission. Theoretical Population Biology 79,
192-202.

Fogarty L, Wakano JY, Feldman MW, Aoki K (2015) Factors limiting the number of independent
cultural traits that can be maintained in a population. In Mesoudi A, & Aoki K (eds.) Learning
Strategies and Cultural Evolution during the Palaeolithic, pp 9-21. Springer, Tokyo.

Fogarty L, Wakano JY, Feldman MW, Aoki K (2017) The driving forces of cultural complexity:
Neanderthals, modern humans, and the question of population size. Human Nature 28, 39-52.

Henrich J (2004) Demography and cultural evolution: how adaptive cultural processes can produce
maladaptive losses—the Tasmanian case. American Antiquity 69, 197-214.

Jordan P, O’Neill S (2010) Untangling cultural inheritance: language diversity and long-house
architecture on the Pacific northwest coast. Philosophical Transactions of the Royal Society B 365,
3875-3888.

Jorgensen JG (1980) Western Indians: Comparative Environments, Languages, and Cultures of 172
Western American Indian Tribes. WH Freeman, San Francisco.

Mathew S, & Perreault C (2015) Behavioural variation in 172 small-scale societies indicated that
social learning is the main model of human adaptation. Proceedings of the Royal Society B 282,
20150061.

39



Pagel M (2009) Human language as a culturally transmitted replicator. Nature Reviews Genetics 10,
405-415.

Strimling P, Sj6strand J, Enquist M, & Eriksson K (2009) Accumulation of independent cultural traits.
Theoretical Population Biology 76, 77-83.

Swadesh M (1952) Lexico-statistic dating of prehistoric ethnic contacts: with special reference to
North American Indians and Eskimos. Proceedings of the American Philosophical Society 96,
453-463.

40



kLD 0,1 — X7 FLETIZDOWNT

On the 0,1-vector model of cultural evolution

Kenichi Aoki
Meiji University

Abstract: The 0,1-vector model is the most general model of cultural evolution currently available for
independent cultural traits (Strimling et al. 2009; Fogarty et al. 2015,2017). Here I summarize new
analytical results for the frequency spectrum (i.e. the distribution of the numbers of distinct cultural
traits of given “popularities”) at equilibrium that are applicable with random oblique, vertical,
conformist, anticonformist, or best-of-K transmission (Aoki 2018).  The number of distinct cultural
traits in the population and the average number of cultural traits carried by an individual can be
expressed in terms of this spectrum. I then argue that the results for vertical transmission can also be

used in cultural phylogenetic analysis, where the unit is the society rather than the individual.
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i SR

Vi bEpNE S

1 FC®IZ

AP L 20 EDOEBELBEAE LT, b bRBHPEELETHZ L) HEXIET SN
5, SEIFREYICEBOTHMAMTEVPBEIN S, P ORHITEPREBINZDIE, LA
1, RSP HIEL & o 2otk 2 A = X L I 2 BEDR B 1ZERIN O FE =F 0 S8 S i
5ZLICESTRBITZZ DA vy T4 7DNS A d—ICk>THS I Z T2 X9
XA FIR IS TE R TH S (Ostrom, 1990; Boyd & Richerson, 1992; Fehr & Fischbacher,
2004; Henrich et al., 2006), XAtiFtE&2EE I K > TRAA S 115 (Henrich & Richard, 2003; Boyd
et al., 2011; Mesoudi, 2011), fHRFEIIEANL 7022 TH Y, & F DRHDEFOHIFIF /YA
TADWEEZMOEIZ I T EEZ 51D (Mesoudi, 2011), AWETIX, ZDm—BAINNZ%
NA T RAEAGENICED & ) B L IZTr—%, FEFH2H L L THRNICEZL TAH
72\,

HILADEINALDTEZ LR R 29, £ A 7ENEHEAEMNIZE b 2 E&TEIYIC)A S B
N5, Lddo, Sz ) 2 7163 238H—) A 7 EZ D EE2Z T TCELLE
265, HEZFINZMAHLZELNAHSHELS LT, A LOoDkdicfrbins AN
BhHD, BABBHTIIINIEFZAIUL, HEZTMEFLVRIDPNI o ELTDH, £TH
BERZECLAICEANRWES Y, YR ZEZEIGSHBERIC X > TERHTE 20T, YAVEZ
Mz HZE L7tz e 7 AT 5020, FIHBIEE Ho TR L 72y — a8 4 F 27 2%
U kv,
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2 ETIL
2.1 #hHEA%

ARBD IR CH 2 LM TOMREB YA F I 7 A%F 270, R MEED S g 2 225 3 2
2, ZokE, IIMRESNZWFARTIE AL, MHORE 2 Z X DB LI v ERET
%5, LD, ZOHWBEZRM L2 EDY A7 —F b bHROTH—b KT 5,
s ZBRAI L T3 & EDOMEDHEREM R THAN L E, ZOMA%

u:lo eBR
. = 5logE [c#7] o

LEFT D, TICTE]EHIREERZET, X (1) FXCHMS T R IREBEBH ORI HEBTH
0 (Pratt, 1964; Howard & Matheson, 1972; Coraluppi & Marcus, 1999; Mihatsch & Neuneier,
2002), B2V U

E[R]+ gVar [R] + O(8?) (2)
DEHICETE 2, T 2TH 1 HBMGOWIRHE, 5 2 HEIABOTHICEI L 728 (Var[] 13
DEERT) THD, Lo T, L B=0%61F, MHFEL SRS ERD, VAT
S EIHBIE D B, £, B<O0RGHE2EICK > THHMIMAL DT, ZDL EIFY) R 7 Ak
M, B>07%652HUCX > TEHBMERA 2DT, VYR 7EIFNLHHABEETS 5,

2.2 HEEHEZEEIHANY LV — A

WA #E (C), MEMIEHNE (D), WhE»GTHHE (P) O 3D —L%2E 2
%2, £l 5L CHgZEMAL T 2dko#lGz z, D O#ElG%Z vy, PO#lGz 2 L5
(x+y+z=1), BLAL LTV LI 3EEPEE ST, 2096 2 KA ADY L v

27— L
C D

5lr o) ®

(LT >1) 219, 2OF—=HI2BVT, C & PEIEOMEEIZE (C) 2, D IKOE
RIS (D) 2ER, Eok 1 kEHEr»S CnE2BIET 2, ZOEOEBIES S L P 45,
D Z#EAZEERZ, a2 A C (>0) 22 TET2HEBE52 615, F3NBEEONEFIE F
(>0) ZH3,
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U R 7 B 2 th =2 B L5 b b s =8 & —pl e LT

STFHEEDSED K ) BV — N L3 T NFEZET 201220 T, WL O ARSI EZ S
N2, E2IED ZBAPMGEZLTETZL— (ALLBIEWESR) 728, 55222 F23nn
DTEZS Lk, D ZEAZFEE2S 1 HEEZTEITEL—0 (ONER) $EZ 615,
CHIERELDELTOWE 2>, £7, ¥ —20SMEBHEIER 7% & FENZ O TH
T 2D L, WA EE R LRIk 2T o RO AE T2 L v r—L
(ONE-SIDED 1) $ &z 63, K11EI16 320DV —NLOBAXTH S,

(a) Punish ALL defectors
DD DC
kan(? z
Punish ONE of defectors
DD D C
; or A (-F) ;
(c) Punish ONE-SIDED defectors

1: FEFERITIBRD 3ODNL—)b, T —LDSNMNE, FIcP 2L csifriliss
#7. (a) ALL%, (b) ONE %, (¢) ONE-SIDED %,

2.3 HERX¥EIAF IR

HRPEEYAF I 7RAFIL TV T —F-2 2 —T7— Y R%Z2HWET 5 (Page & Nowak, 2002; Hadeler,
1981; Bomze & Burger, 1995), g C, D, P D%z ZNZ N ug, up, up €95 &,

t=xfc(l—p )+ny2+ZfP*—m<f>> (4a)

=yfo L—p)+zfpt +afcs —ylh), (4b)
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30

i=z2fp (1= p) +2fcl +yfnl — ) (4c)

IS L 723> T, MM OBEDNHFER S 2, 22T
(fi=xfc+uyfp+zfp (5)
3 TEIGEE) TH D, SHEgO TEIGEE) 13
fs=1—-w+wu, (6)

Thzonb (s=C,D, £7:1Z P), X (4) T, p (ZMEEI M EZ BHICEED DT 7 v ¥ LI
L3 2MERTH2, 7K (6) T, w (0<w <L) EREZFHE T 237 X5 TH 5,

3 fENT
3.1 #AHRmg N H

B =BT C HIEOMEAED 3 HED ) bISEIEN L &, ZOEEIFHESR 2/3 T — 4l
ML 1L £ 0 2Ry b LIEyTHS (22T =1—1), EIIMEE1/3 TED 2
kD7 — L2 @EL, ZOLEEFHL 20D THREZML v, Ladi>oTa (1) &b, CHk
g DR &

1

1 2, _ 1 2, _ 1
uc =5 log [§ (yePt + yef0) + ge'B'O] =3 log [§ (geP +y) + g] (7)

THb, DML PHBgEORIHIE, SILS (K1) ck->THRZ%, £9 ALL Bogs, 201z
OB I

1 2 1
uD:Bh%[3@wmﬂfuﬁﬁ&T+ym*W+y@+3] (8a)

)26y ) ) )
z@ﬁzﬁkg[gam5+y)+3(yﬁ+%weBc+y%3%”ﬂ (8b)

£ 7%, ONE B4

1 2 z z 1
_ 2t (= o B(T-F) | =BT , % —BF _Z L
up Blog [3 (yze + yze +y2e —I—y(l 2)) —1—3] (8¢c)
¢ 1 2 1
up =3 log [g (yef +y) + 3 (y?+ (1 —9?) e*BC)} (8d)
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U A 7 AR 2R NS K o skt b 3 = FET 2 — il L LT

&%, w21 ONE-SIDED B E41%

1 2 1
up = — log [f (g2ePT=F) 4 yzePT + y) + *} (8e)
B 3 3
ko 1 2 1
up=Bh%[3@ﬁﬂﬂo+3@?+y2+%@€ﬂ%] (8f)
&b,

3.2 WHE¥EYA F I 7 2ADEMEGNT

A (7) and (8) ZH T (4) ZBUHEMICENT L7 (M 2), FTR—RAFALVELT, 587
A (T=2,C=1,F=3,w=0.1,u=0.01) %3FAZ (¥ 2(g, h, i), ZOFETIZ
VA 7SI RIABIE (0D B=0) Db & TEREFMHIEHIFDOHEPRKEL %5, bm%:zs
WAL LT, VAZICHT2EZM (B) 2#2{LSLLEFAF I 7 ANE I BT 20285
L7,

£9, Wiz ) 2 7l (8 = —10) O%6, ERIXIZEH I ZIRETLE L %2 (K 2(a, b, ¢)).
WK ) A 27 A (8 = 10) o854, HHIX iéFTz’%ﬂH’]tﬂﬁ ETLEL %S (K 2(m, n, 0),
NSRRI limg | u, Z#N5 2 ECHETE 2, REEHONE (00X z,y,2>0)
T limg , uc =0, limg, up =—F K®¥limg, up=—-2C 7/iF -C (HiL
THIHELTIREZ) DT, B3I/ STiuUL, CHEIBEDOZITS - &b RE v, kI
DI H > EHRE WV,

BMWZIUFZEMEGTRWEEZ L2V A7 (B =—1) £/1EVRViEF (B=1) D&, &
Rixznzgh, sz & 2546 L) 27005460 bENEkRTIC R 2 (ZRFNX 2(d, e,
f) £ 2(j, k, 1)), VA7 DY A, REBOEEMEWIE (C) LI LETTHEE (P) &I
o, EHBRHONRREICRZZN D, 21U, 20U ERL < ERofTE 2 B L CTEiT %
WERE W L RERT 5, BILHD 32DV — L ZNEFNDOREDH\A721T1E, KE s IZE
BINKDol, WeTEEIFUE, ALL#E ONE o $ & Tk ONE-SIDED # X b & X b #fkt
ED/NS 7 B DIETIHIBEDHEZ RESEO I ENTES (¥ 2(d, ¢, 1)),

ARETIE, & b ORAOAEIC T THBICOWTER T 570, ~fHle LT, VRAIERZ
DB LZ T 12 F I 7 ADET AL ZHOTE =SSO UENL DO Z R,
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R2YKT 2L, b LENORED) 2 7 W ThIuS, KEUOMEMHI1E LD L ogifrfl
FHLICE > THADPHERF SIS L V) RO L WIREDER I NS, Wicd LEFIOKREDY 27
BIFINCh UL, BEIERIE LD 0 DI REME 22, SILAICOWT, ALL A, ONE
#, ONE-SIDED i) 3 DD E F N % N0, FERIZOVTRELEVIIBEIN o7,

FUCIZa A 05, LEDoTEIE2RD 7Y =745 —[HEHTHD, BALDLDRAHZR L
LTI - fE S e v v 2 L, Sy — AR ICB LB N TE L2 L Th
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Punish ALL defectors Punish ONE of defectors Punish ONE-SIDED defectors

2: C,D, PO L 7'V 7y —% -3 2 — 75— % ROWEFE, RANZBI 2R T, RAEIZLER
#£7, (a,d, g j,m %, (b,e h k n ONEH, (cf, i1 0) ONE-SIDED #, %5 X %%
(ac) B=-10, (d-f) B=-1, (gi) B=0, () B=1, (mo) =10, FLETDOHEHT
T=2F=3C=1,w=0.1, p=0.01 £L7%,
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Cultural evolution by risk-sensitive social learning: an example of

third-party punishment

Mitsuhiro Nakamura

Meiji University

One reason of the great human expansion should be the fact that humans cooperate.
Third-party punishment is a crucial mechanism to promote cooperation in humans,
whereas in theory, it is often collapsed by second-order free riders that refrain from
punishing at a personal cost. Using the evolutionary game theory, we investigate the
effect of risk attitude of individuals on this problem. In our model, individuals select
a strategy based on its risk, i.e., the variance of the payoft, as well as its expected
payoff. We find that risk-averse individuals achieve stable cooperation with only an
occasional punishment or a few of punishers, implying that the gross cost for pun-
ishment is significantly low. Because only a few punishers are required to threaten
cheaters, the second-order free riding here becomes harmless. On the other hand,

risk-prone individuals fail to establish cooperation.
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T %, Wil A DAL j ORHS, IRDZ A LAT v 7T, Ml A OffIRDS 1 EASE 2
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A OMEED 1 EIREAHER L35, A & B OBISEEIZZEZN72VEE . IRORDIR Y 7o,

=) (-3 0
=13 () ®
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iz, 72, ZOFTIIOIEE LT, HIEHE CREILEIZZEN H 5 55A (Moran, 1958; Nowak,
2006), LN 7 — LT DA (Nowak, Sasaki, Taylor, & Fudenberg, 2004; Kurokawa &
Thara, 2009, 2013, 2017, Kurokawa, Wakano, & Thara, 2010; Deng, Li, Kurokawa, & Chu, 2012;
Gokhale & Traulsen, 2010)(ZR L T HAFZEDTT 8 B iz,
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A Py
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| N -1
n-1
Ky

EEERIND, TIT, IFEMNOERE A DEFEHEEZERT(0<i<N), (f ) s=t DOIRFT
QIEMREE R L, s<t ORHT 0 Z2FHKT, £HND A DEEED, i THIMEDA LB D
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b5 Z &% Lz (Kurokawa & Thara; 2009, 2017), = Z C,

k(ai - be)

b

n-1 n
B = —nzb,,+k21kbk+;1(n+l—k)ak

M=

o=

k=1

ZHUZEBIZLLFO L HICAZE TE 5 (Kurokawa, et al., 2010; Deng, et al., 2012),

1 1
Pa = El [(N-n)a+(n+1)R]w (7)
n(n+1)

yy_b(\‘
— —

R = XRZ1k(ager — by)

ThHD,
E7o, (O)E, ULTD X S IchEEHLL 515 (Kurokawa & Thara, 2013),

1 1
Pa ™y w-Dsw )
n(n+1)
ZIT
S = Yi=1 kay
a = (@, — b)) — == [(n — k) (@ — 1) + (k = Dby — bi)] ©
Th oD,

DL ECHEEMESEZ 318 OFE (6),(7),(8) TEEXRLEN, n=2Z2RATL5L T
. Nowak etal. (2004) T3 572 2 A7 — AOEEMEORITIFET 5, £, MY A X

T RE N E &,
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AKo7vav =zl FCIE. SHUEERIZES L CTilF9E %29 5 (Cavalli-sforza & Feldman, 1981; Boyd &
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F(Aoki, Lehmann, & Feldman, 2011), $EEEKTT N1 7 AMmigtk(Kendal, Giraldeau, & Laland,
2009)), (i) XAUITEIEF £I1TFRY | HEFRIEDD O T | AREISIIT DR &
% (Strimling, Sjostrand, Enquist, & Eriksson, 2009; Lehmann, Aoki, & Feldman, 2011; Fogarty,
Wakano, Feldman, & Aoki, 2017), #lziX, 3YbDflE L TEEEZE AL D, SrElIBNL T
(A2 BNDTET TIFRLS T, FROFANLFESZE EHDLEA D (NITHIS) . £z,
BT, —HEHWEOT ARSI —TEHbDOTHRVL, BEREIEVREICIMREI ALD
5 THAHI (NS . SULEARICEI L T EZ T DB Z 5 L7cME A2 5 428
HHN, T LIEZRZ T, 2o, fERGRIIRAA T I 7 Ao Tz ST
HHDODENTHD WL LTIE, Aoki, Lehmann, & Feldman (2011)% 7.k, ),

AL 2 > 72 Je A THFSE(Rogers & Ehrlich, 2008; Jordan & O’Neill, 2010; Strimling,
Sjostrand, Enquist, & Eriksson, 2009; Lehmann et al. 2011; Fogarty, Wakano, Feldman, & Aoki,
2017; Aoki, Lehmann, & Feldman, 2011)i%, EUWARGE L2, UL ED X 9127250
(R L TR Z HTTWDH, UUEKIZ EN7ZT ORI D035 032 5 Z LIZBERTH
HLEZBND, W OOIILE, BWHL #EEd 5 2 L KRS L, W< o03E
I3, FLORFRECHEIRT D, N2 D 2 D& 530> 2D Th A 9 03 R TH A 50, Tive b,
A EBERERBNFEET DD THS I, ZOMWITK L TEZ D 2 LBk bivs,
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Table 1. —f%D n N7 —LDOFIELTS)
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Extinction time of culture

Shun Kurokawa

School of Economics and Management, Kochi University of Technology

A finite population has been studied. One famous study is Moran (1958), and there are many
extensions (e.g., the case where fitness depends on a strategy and the case where game contributes to a
fitness). However, these previous models do not give biological knowledge to cultural evolution
because culture does not always transmit from a parent to a child and additionally cultural transmission
sometimes fails, which is different from genetic evolution. Mathematical models which cover cultural

evolution is required.
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T TN =)V NE DT ) DRSS TNGS 2SO BALT- A, 200744278 Si7
454 Life Sciences (2L D3 —7 20 0 ThoT123, ZOMFRII M0 - >—r a2
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7 N7 DR FEE L. 20124EICm D3 VRSN ER SN, ZOh Ly DI
30x & EHEEEZRDT, DE VT =Y U7 NOIEHERIF & W I EDTIZR D, ZOEKEET
— X &t LT, BRSEEM O ) WER & LTS 2 e, BUROTT « =a—
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Paleogenomics of human and non-human Homonini

— Recent studies and trends —

Hiroki Oota
Kitasato University School of Medicine

In 1985, Svante Paabo presented a DNA cloning of Egyptian mummy in Nature. This is the first
report of ancient DNA analysis for human remains and contamination published'. But, the
sequencing of mitochondrial D-loop region from the Neanderthal bone by Paabo’s group was
breakthrough of the ancient DNA analysis”. More recently, genome sequencing of archaic Hominini

3,4,5,6,7

using next generation sequencer (NGS) give new sights of human evolution , as well as

establishing the standard sequence of modern human®*'°.

One of the hottest topics of archaic Hominini genome is that 1 ~ 4% of non-African genome is
inherited from Neanderthal' and ~ 6% of Papuan genome is inherited from Denisovan®. These
represent a plausible hybridization happened between Homo sapiens and archaic Hominini, which is
estimated to be 52,000 ~ 58,000 years ago''. The puzzle is that modern East Asian populations have
more Neanderthal genome than modern European populations do” 2.

explanations.  First, purifying selection eliminating slightly deleterious mutations derived from

There are four possible

Neanderthal has been not effectively occurred in East Asia than in Europe?, in the basis of the idea that
Neanderthal genome is substantially incompatible in human genome'®. ~ Second, Neanderthal genome
has been more advantageous in the East Asian than in the European populations'.  Third, the number
of hybridization events has been more frequent in East Asians than in Europeans'>">".  Fourth, by
another hybridization between European ancestors and unknown population(s), Neanderthal genome
has been lost in the modem European genome'. While a couple of studies have rejected the first
explanation'> '°, a study has reported that a Neanderthal-like sequence (NLS) shows a signal of
positive selection in the modern European populations'’.  Ancient genome analyses of the anatomical
modern humans (45,000 ~ 7,000 years ago) has indicated Neanderthal genome has reduced in more
recent populations, suggesting purifying selection contributes this reduction'®, Meanwhile, a more
recent study suggests that the difference of effective population size in ancestral populations is the key
to understand the difference of Neanderthal genome ration between modern Europeans and East
Asians".

We will test these hypothetical explanations using genome data from modern hunters-gatherers and
minorities with shifting cultivation in Southeast Asia, because our previous data show they have
different effective population sizes, which are much smaller than modern populations sampled in
megalopolis™. We expect that we can mimic what happened between Homo sapiens and archaic
Hominini.

70



WFZeEtE B02 2017 FEEIEEIHE

B 4EMSE
HFE : SEk2946 H 19 H
BT« BRI v LR R a6 [ 2 2 —2E 601

09:30 BA=DZRE
09:40 FAPIEZ
I INEL BIREET — % % - BO1 BE & OILFRIRFZEIZ DU T
10:30° A HH fefffst
A trend in recent ancient genome research
11:220 iz
Application of the first-step analysis to structured coalescent
13:10 /]VAE:
PR & AR OE BERET LV OREH)
14:00 FHALE—
Surfing of a Neanderthal-derived allele
14:50 F549F A —HE
Reaction diffusion model of introgression between modern and archaic humans
15:50 7m¥ =7 MIbEDE
17:00 PAZ

1730 =4 i

71



Mini-workshop on mathematical modeling of human migration and range expansion
Schedule: 2017.10.18-19
Venue: Meiji University Nakano Campus Room 603

Tentative program

¢ QOctober 18

09:00-09:15
Kenichi Aoki

“Opening remarks”

09:15-10:45
Masayasu Mimura, Musashino University/Meiji University

“A stay-or-migrate model of spreading of farmers into hunter-gatherer region”

11:00-13:30
Lunch

13:30-15:00
Mathias Currat, University of Geneva
(with Laurent Excoffier, University of Bern)

“A spatially-explicit modeling framework to simulate genetic diversity in interacting populations”

15:00-15:30
Break
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15:30-17:00
Joe Yuichiro Wakano, Meiji University
(with William Gilpin, Stanford University; Seiji Kadowaki, Nagoya University; Marcus W. Feldman,
Stanford University; Kenichi Aoki, Meiji University)
“Ecocultural range-expansion scenarios for the replacement or assimilation of Neanderthals by modern

humans”

17:30-
Party

& QOctober 19

13:30-15:00
Naruya Saitou, National Institute of Genetics
“Three migration wave model for explaining formation of Japonesian, people living on Japanese

Archipelago”

15:00-15:30
Break

15:30-17:00

Kenichi Aoki, Meiji University

“Some topics in human range expansion”
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Theoretical Models of Cultural Evolution during Modern Human Dispersals
https://b02ws2017.wordpress.com

Organizers: Joe Yuichiro Wakano (Meiji University, Japan)
Yutaka Kobayashi (Kochi University of Technology, Japan)
Naoyuki Takahata (SOKENDALI Japan)
Yasuo Thara (University of Tokyo, Japan)
Mitsuhiro Nakamura (Meiji University, Japan)

Speakers: Mark Collard (Simon Fraser University, Canada)
Maxime Derex (Arizona State University, USA)
Marcus W. Feldman (Stanford University, USA)
Joaquim Fort (University of Girona, Spain)
Jeft Wall (University of California, San Francisco, USA)
Yoshihiro Nishiaki (University of Tokyo, Japan)
Seiji Kadowaki (Nagoya University, Japan)
Naoyuki Takahata (SOKENDALI Japan)
Mitsuhiro Nakamura (Meiji University, Japan)
Hiroki Oota (Kitasato University, Japan)
Yutaka Kobayashi (Kochi University of Technology, Japan)
Kenichi Aoki (Meiji University, Japan)
Joe Yuichiro Wakano (Meiji University, Japan)

Date : November 27th—29th, 2017

Venue : Meiji University Nakano Campus, 6F seminar room #603
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Workshop objective:

The goal of Mathematical modelling group (B02) of PaleoAsia project is to facilitate our
understandings of cultural evolution during range-expansion of modern humans from Africa to the
whole Eurasia continent. The ultimate goal is to clarify the cause of the replacement (or assimilation)
of archaic humans by modern humans, with special focus on cultural changes. Close cooperation is
important between theoretical researches and empirical studies on archaeology (from Middle
Paleolithic to Upper Paleolithic), cultural anthropology (cultural changes caused by the contact of
several populations), behavioral science (innovation and transmission of culture and technology),
environmental sciences (environmental changes), and population genetics (genome biology of
ancient and modern humans). The aim of the workshop is to invite several researchers in these fields
and to discuss how mathematical modelling (including theoretical methods in population genetics) can
contribute to the ultimate goal of the PaleoAsia project.

See project webpages for more details;

http://paleoasia.jp/en/research _overview/

http://paleoasia.jp/en/research_projects/b02/

Program

Day 1 (Monday, November 27th)
10:00-10:20  Opening Remark
10:20-10:40  Yoshihiro Nishiaki
PaleoAsia project overview
10:40-11:30  Seiji Kadowaki
Space-time distributions and behavioral changes of Neanderthals and modern humans in west

Asia: archaeological records on the Middle-to-Upper Palaeolithic transition
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11:30-12:20 Mark Collard
What can patterns in historical hunter-gatherer technology tell us about likely cultural changes
during the period of modern human dispersal?

12:20-14:00 Lunch break (100 min.)

14:00-14:50 Kenichi Aoki
On the absence of a correlation between population size and "toolkit size" in ethnographic
hunter-gatherers

14:50-15:40 Maxime Derex
The effects of population structure on cultural complexity

15:40-16:30  Open discussion

Day 2 (Tuesday, November 28th)
09:00-09:50  Joaquim Fort
Demic-cultural models, archaeology and genetics of Neolithic spread
09:50-10:40 Mitsuhiro Nakamura, Atsushi Nobayashi
Detecting correlations between cultural factors in Paleoasian populations
10:40-11:30  Hiroki Oota
Is it sex-biased migration/admixture or social selection for contribution to population genetic
structure in East Asians?
11:30-12:00 Document work for overseas speakers (30 min.)
12:00-18:00 Free afternoon
18:00-20:00 Conference Dinner
Japanese Fish Food Restaurant: 2755 (Oka-jouki)
*) 3 min walk from Nakano Station North Exit
Meeting point: Entrance floor (1F) of Nakano Sunplaza Hotel at 17:50

Day 3 (Wednesday, November 29th)

10:00-10:50 Marcus Feldman

Genetic model for the evolution of culture
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10:50-11:40 Naoyuki Takahata
Soft selective sweep in PaleoAsia
11:40-12:30  Jeff Wall
Inference of human demographic history from the GenomeAsia 100K project
12:30-14:10  Lunch break (100 min.)
14:10-15:00 Yutaka Kobayashi
Genealogies, ages, and frequencies of cultural traits
15:00-15:50 Joe Yuichiro Wakano
Ecocultural range-expansion models for the replacement or assimilation of Neanderthals by
modern humans

15:50-16:00 Closing remark
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Space-time distributions and behavioral changes of Neanderthals and modern humans in west

Asia: archaeological records on the Middle-to-Upper Palaeolithic transition

Seiji Kadowaki (Nagoya University)

The PaleoAaia project investigates the processes of geographic expansion of Homo sapiens
into Asia during the late Pleistocene and concomitant changes in material cultures and human
behaviors. From this perspective, west Asia is a key region where the initial processes of Homo
sapiens’ colonization in Asia took place. In fact, the oldest remains of Homo sapiens in Eurasia
have been recovered from the middle phase of the Middle Palaeolithic (MP) (ca. 130-75 kya) at
Qafzeh Cave and Skhul Cave in the Levant. However, these occupations were not ultimate
colonization of west Asia by Homo sapiens. Fossil remains in the late phase of the MP (ca. 75—
50/45 kya) indicate that Neanderthals subsequently occupied the Levant (e.g., Amud Cave,
Kebara Cave, and Dederiyeh Cave) and the Zagros region (e.g., Shanidar Cave). Recently, a
Homo sapiens skull from Manot cave was dated to ca. 55ka. If this is the case, it means a
co-existence of Homo sapiens and Neanderthals in the Levant around this time. As for the
following Initial Upper Paleolithic (IUP) period, hominin remains from Ucagizli Cave and Ksar
Akil Level XXV have been suggested to show morphological characteristics of Homo sapiens
although detailed analyses have not been published. Only Homo sapiens remains are known
from the periods since the Early Ahmarian in the Upper Palaeolithic (UP).

The presentation also examines archaeological records relevant to human behavioral changes
from the MP to UP. The examination will focus on several key behavioral aspects, including
tool production, hunting/gathering activities, the use of long-distance resources, and personal
ornaments. For this examination, I mainly use archaeological records from the Jebel Qalkha,
southern Jordan, where I conducted fieldwork and obtained archaeological records covering the
time periods of the late Middle Palaeolithic (Tor Faraj), the Initial Upper Palaeolithic (Wadi
Aghar, Tor Fawaz), the Early Upper Palaeolithic/Early Ahmarian (Tor Hamar Layer G), and the
early Epipalaeolithic (Tor Hamar Layer F). I will show how temporal changes in human
behaviors correspond with human fossil records in order to discuss the process of modern

human range expansion in the Levant.
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Rethinking demography’s role in shaping the Palaeolithic archaeological record

Mark Collard
Canada Research Chair and Professor, Department of Archaeology, Simon Fraser University, Canada,
and Professor, Department of Archaeology, University of Aberdeen, UK.

Recently it has become commonplace to interpret instances of change and periods of stability in the
Palaeolithic archaeological record in terms of population size. Increases in cultural complexity are
claimed to result from increases in population size; decreases in cultural complexity are suggested to be
due to decreases in population size; and periods of no change are attributed to low numbers or frequent
extirpation. In the first part of this paper, I offer a critique of this “demographic turn.” I show that it is
problematic from an epistemological perspective and also not supported by the evidence pertaining to
recent hunter-gatherers. In the second part of the paper, I outline an alternative hypothesis and discuss
the evidence that supports it. This hypothesis contends that cultural complexity in small-scale societies
is affected by both population size and environmental risk, and that which of them dominates depends
on the amount of niche construction the members of a society engage in. When niche construction is
limited, environmental risk dominates, whereas when niche construction is extensive, population size
dominates. In the final part of the paper, I discuss some results that seem to be inconsistent with both
the population size hypothesis and the niche construction hypothesis, and therefore suggest that we
have yet to identify at least one important influence on cultural complexity.
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On the absence of a correlation between population size and “toolkit size” in ethnographic
hunter-gatherers

Kenichi Aoki
Meiji University

In apparent contradiction to the theoretically predicted effect of population size on the
quality/quantity of material culture, statistical analyses on ethnographic hunter-gatherers have
shown an absence of correlation between population size and toolkit size. This has sparked a
heated, if sometimes tangential, debate as to the usefulness of the theoretical models and as to
what modes of cultural transmission humans are capable of and hunter-gatherers rely on. 1
review the directly relevant theoretical literature and argue that much of the confusion is caused
by a mismatch between the theoretical variable and the empirical observable. I then confirm that
a model incorporating the appropriate variable does predict a positive association between
population size and toolkit size for random oblique, vertical, best-of-K, conformist,
anticonformist, success bias, and one-to-many cultural transmission, with the caveat that for all
populations sampled, the population size has remained constant and toolkit size has reached the
equilibrium for this population size. Finally, I suggest three theoretical scenarios, two of them
involving variable population size, that would attenuate or eliminate this association and hence
help to explain the empirical absence of correlation.

Keywords: theoretical variable, ethnographic observable, mode of cultural transmission, variable
population size

80



The effects of population structure on cultural complexity

Maxime Derex
University of Exeter

In the past few years, demography has been increasingly put forward to explain
periods of sudden cultural accumulation in the archeological record. A widely held
view is that large and well-connected social networks facilitate cumulative cultural
evolution because they promote the spread of useful cultural traits and prevent the loss
of cultural knowledge through factors such as drift. In this talk, I will present a
series of lab experiments that investigate the effects of population size and
structure on cultural complexity. These experiments indicate that fragmented,
partially connected populations can produce more complex cultural traits than
fully-connected populations. These results suggest that population structure needs to
be taken into account when investigating the relationship between demography and
cumulative culture.
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Demic-cultural models, archaeology and genetics of Neolithic spread

Joaquim Fort

The PaleoAsia project is devoted to cultural changes during modern-human dispersal at scales of the
whole Eurasian continent. This implies modelling the spread of a human group, as well as the
demographic, cultural and genetic processes when it contacts another group. For this purpose, it
may be useful to review some work on more recent (but rather similar) processes, namely Neolithic
transitions. Especially in the case of Europe, there are many archaeological and genetic data to
compare to the mathematical models. Such comparisons could show the interest of applying similar
approaches to the data of the PaleoAsia project.

In the first part of this talk we will review theory, i.e. several mathematical models of population
spread and cultural interactions that have been developed during the last two decades. In the
second part we will deal with observations, i.e. the conclusions obtained by comparing such models
to archaeological and genetic data.

We will first compare two descriptions of human mobility: ordinary diffusion (i.e., a Laplacian in the
space-time equations) versus a dispersal kernel (i.e., a set of probabilities as a function of distance).
Then we will compare the usual, non-cohabitation models (in which the effects of dispersal and
reproduction are additive) to cohabitation models (which avoid the possibility of parents leaving
their children alone). Next we will introduce cultural transmission models based on the work by
Cavalli-Sforza and Feldman, and combine them with dispersal-reproduction models.

In the second part of this talk, we will apply the models introduced in the first part to observed data
for Neolithic transitions. There are two main models of Neolithic transitions. The first model is
usually called demic diffusion. It assumes that the spread of farming (and/or herding) was due to the
dispersal of populations of farmers. The second model is called cultural diffusion. It assumes that
hunter-gatherers mated with farmers and/or learnt agricultural techniques from them (without
substantial movement of farming populations). The equations presented in the first part of this talk
are more general because they combine both models. They can thus be used to estimate the relative
importance of demic and cultural diffusion. For the spread of the Neolithic in Europe, we will see
that archaeological data can be used to conclude that demic diffusion was more important than
cultural diffusion (Fort, PNAS 2012). Genetic data make it possible refine this estimation
substantially, and conclude that demic diffusion was overwhelmingly more important than cultural
diffusion (Isern, Fort and de Rioja, Sci. Rep. 2017). For the Neolithic transition in eastern and
southeastern Asia (which can be analyzed by using archaeological information on the spread of
domesticated rice), we find again that demic diffusion was more important than cultural diffusion.
Note that in both cases, the final state of the transition was farming. In contrast, for the spread of
the Neolithic transition in southern Africa (Jerardino et al., PLoS One 2014) the final state was
herding and the spread was much faster (according to the archaeological data). This implies (by
comparing to the mathematical models) that cultural diffusion was more important than demic
diffusion for this third case study (the spread of herding across southern Africa).

Perhaps similar methods could be applied to analyze the roles of population dispersal and
indigenous adoption in the spread of cultures by modern humans interacting with Neanderthals in
Eurasia.
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Detecting correlations between cultural factors in PaleoAsian
populations

Mitsuhiro Nakamura() and Atsushi Nobayashi®®)

(1) Organization for the Strategic Coordination of Research and Intellectual Properties, Meiji University
(2) National Museum of Ethnology
(3) School of Cultural and Social Studies, The Graduate University for Advanced Studies

Cultures are complex phenomena that involve many factors depending on each other. An established cultural
factor may promote or suppress another cultural factor; e.g., replacement of working animals drawing plows
to tractors raised demand for chemical fertilizer due to the resulting loss of manure produced by the animals.
To investigate correlation structures underlying cultural phenomena shall help understanding cumulative
cultural evolution. To this end, we performed an information-theoretic analysis of an ethnographic data set of
cultures in Southeast Asia and Oceania [1]. Using the data set, we estimated mutual information between
various cultural factors. A problem in the analysis was that we had a non-negligible number of missing
values in the data set: it could produce a systematic bias in the estimation of mutual information. In this talk,
we discuss possible methods to overcome this problem. It would be common that ethnographic or
archaeological data have a non-negligible number of missing values. The problem in our study is a universal
concern.

Reference
[1] Obayashi, T., Sugita, S., Akimichi, T., 1990. APPENDICES : Matrix. Bulletin of the National Museum of
Ethnology, Special Issue 11, 370-514.
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Is it sex-biased migration/admixture or social selection in population genetic structure in East Asians?

Hiroki Oota

Department of Anatomy, Kitasato University School of Medicine

Mitochondrial DNA (mtDNA) and Y chromosome can give us an important insight about sex-biased
migration, which concerns human-specific reproduction network such as a mating system (Oota et al.
2001). A correlation between genetic distances and geographic distances is shown in mtDNA, but
not in Y chromosome, which could be explained by strong patriarchal societies in East Asian
populations (Oota et al. 2002). Another Y chromosome study, however, shows that a particular
haplotype and its descendants are found at high frequencies widely in East and Central Asia: the
authors interpret it as “Social Selection” that a particular male lineage of tribe (plausibly including the
family of Genghis Khan) has expanded into vast geographical regions (Zerjal et al. 2003). A more
recent study comparing between mtDNA and Y chromosome sequence data from fine global
populations shows that the effective population size (N.) of mtDNA keeps increasing from 50,000
years ago to now, while the N, of Y chromosome stops increasing around 10,000 years ago and has
decreased once 8,000 — 5,000 years ago. Because the extreme decrease of N, has preceded in West
Asia than in Europe, and the timing corresponds to the period of Neolithic revolution, the authors
explain that social and cultural changes accompanying practices of agriculture and pastoralism have
promoted disproportion of males’ reproduction chances (Karmin et al. 2015).  In this talk, I’1l discuss
if sex-biased migration/admixture or social selection have more effectively contributed to population

genetic structure of human populations in East Asia.

Oota et al. (2001) Human mtDNA and Y-chromosome variation is correlated with matrilocal versus
patrilocal residence. Nat Genet 29(1):20-1.

Oota et al. (2002) Extreme mtDNA homogeneity in continental Asian populations. Am J Phys
Anthropol 118(2):146-53.

Zerjal et al. (2003) The genetic legacy of the Mongols. Am J Hum Genet 72(3):717-21.

Karmin et al. (2015) A recent bottleneck of Y chromosome diversity coincides with a global change

in culture. Genome Res 25(4):459-66.
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Cultural Hitchhiking and the Mid-Holocene Y-Chromosome Bottleneck in the Old World
Tian Chen Zeng, Alan J. Aw, and Marcus W. Feldman

In human populations, changes in genetic variation are driven not only by genetic
processes, but can also arise from cultural or social changes. An abrupt population
bottleneck specific to human males has been inferred across several Old World (Africa,
Europe, Asia) populations at 5000—7000 ybp. Bringing together anthropological theory,
recent population genomic studies, and mathematical models, we propose a
sociocultural hypothesis, involving the formation of patrilineal kinship groups and
intergroup competition among these groups, which can explain the inference of a
population bottleneck. We show how our hypothesis is consistent with current findings
from the archaeology and archaeogenetics of Old World Eurasia.
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Inference of human demographic history form the GenomeAsia 100K project
Jeff Wall

Institute for Human Genetics, UCSF

The GenomeAsia 100K project seeks to generate 100,000 high-coverage genomes
from Asian samples to enable future genetic discoveries across the continent. Here |
present some results of a pilot project that includes 1,739 genomes from 200 distinct
populations and 64 countries of origin. The population sampling includes Negrito groups
from India, Malaysia and the Philippines. Our genetic analyses show that these groups
are not closely related to one another. This suggests that despite their similarities in
physical appearance, they are unlikely to share a recent common ancestor. We also
estimated the relative amounts of Neanderthal and Denisovan admixture into all non-
African genomes. We find that Denisovan ancestry proportions correlate with both
caste status and language family in South Asia, with lower-caste (and non-Indo
European language speaking) groups having higher levels of Denisovan ancestry. We
also present evidence for a separate Denisovan admixture event into the ancestors of
the Aeta, a Negrito group from the Philippines. Admixture patterns across Southeast
Asia are consistent with Denisovan admixture occurring in or near Sundaland during the
last glacial maximum.
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Soft selective sweep in PaleoAsia

Naoko T. Fujito"”, Yoko Satta”’, Toshiyuki Hayakawa® and Naoyuki Takahata"
" School of Advanced Sciences, SOKENDAI (The Graduate University for Advanced
Studies)  Faculty of Arts and Science, Kyushu University

Asia in the Upper Paleolithic era and after was a place of drastic changes in social
environments (e.g., intragroup organization and intergroup interaction) owing to mass
migration and admixture of culturally different people. As radically changing social
environments likely gave rise to psychosocial stress or acculturative stress — a major
environmental risk factor in the development of mental diseases, any genetic change
that could confer tolerance for such stress must have been favored by natural selection.

This possibility was tested for four promoter variants of the S78Sia2 (or STX) gene
encoding a sialyltransferase that synthesizes polysialic acids in the brain. Of these
variants, one is constantly identified in all populations as a non-risk type of
schizophrenia — an influential mental disease with serious impairment of sociality. It
is shown that the variant exhibits a lowered promoter activity, emerged uniquely in the
lineage leading to anatomically modern humans in Africa > 100 kya, and has rapidly
increased the frequency in Asia during the past 20 — 30 ky. Although the molecular
mechanism for the tolerance is still unrevealed, our new inference method convincingly
supports that the variant has been driven by positive selection in PaleoAsia.

The inference method was developed to detect incomplete selective sweep at linked
neutral sites; it combines the site frequency spectrum (SFS) and linkage disequilibrium
(LD). The combined information on single nucleotide polymorphisms (SNPs) is
represented as hierarchical “barcodes.” Intra-allelic variability of an allele group
undergoing putative positive selection is measured by the fraction (F,) of derived alleles
linked in that group to the whole. Simulation is performed to evaluate the statistical
significance of F. under a null hypothesis of neutrality (false positive rates) as well as
under an alternative hypothesis of positive selection (false negative rates). Overall, the
method is powerful, is robust to demographic changes, and can be used to pinpoint core

SNP sites that have been inscribing signatures of ongoing selective sweeps.
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Genealogies, ages, and frequencies of cultural traits

Yutaka Kobayashi

School of Economics and Management, Kochi University of Technology

An ultimate goal of theoretical research on cultural evolution is to interpret cultural
patterns in present populations in terms of past dynamic processes. In other words, we
would like to infer what happened in the past by inspecting currently available data.
One interesting question to ask is whether we can infer the age structure of cultural
traits from their current distributions. For this purpose, we need a theory to relate static
distributions of traits to their ages. A major purpose of the present study is to infer the
age-frequency spectrum of a sample of a given size, using a genealogical approach. The
age-frequency spectrum is a two-dimensional array (or a matrix), in which the (i,
element is the number of cultural traits carried by i individuals and introduced j
generations ago. The expected age-frequency spectrum tells us how ages of cultural traits
are related to their frequencies, and therefore may allow us to infer the ages of cultural
traits from their frequencies.

So far, we have been investigating the effects of parameters on the age-frequency
spectrum of a sample under the assumption that each individual learns each trait with
probability S from each of K role models. We have found that the results largely depend
on whether the expected number of cultural offspring per parent KB is larger than one
or not. When Kf<1, a sample is expected to have many young and rare traits; on the
other hand, when Kf>1, a sample is expected to have not only young, rare traits but also
numerous old, common traits. Such structure of the age-frequency spectrum has several

interesting implications for data interpretation, which will be argued in the presentation.
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Ecocultural range-expansion models for the replacement or assimilation of Neanderthals by
modern humans

Joe Yuichiro Wakano", William Gilpin ®, Seiji Kadowaki ), Marcus Feldman®, and Kenichi Aoki®
(1) School of Interdisciplinary Mathematical Sciences, Meiji University ~ (2) Department of Applied Physics, Stanford
University  (3) Nagoya University Museum, Nagoya University ~ (4) Department of Biology, Stanford University

(5) Organization for the Strategic Coordination of Research and Intellectual Properties, Meiji University

Recent genetic and archaeological studies on the range expansion of modern humans and the demise
of Neanderthals suggest 1) their interbreeding, that must have resulted from their co-existence, and 2) a
diversity of cultures/behaviors in associations with the spread of modern humans. It was not a simple
spread of homogeneous “modern human behaviors”. Although these observations have gained increasing
consensus among researchers, there is no clear explanation regarding how the two phenomena were
related with other. This study aims to explain a possible relationship between the two aspects (i.e.,
demographic changes and cultural dynamics) through eco-cultural modeling.

The ecocultural framework for the competition between hominid species allows their carrying
capacities to depend on some measure of the levels of culture they possess. In the present study both
population densities and the densities of skilled individuals in Neanderthals and in modern humans are
spatially distributed and subject to change by spatial diffusion, ecological competition, and cultural
transmission within each species. Our model is formulated by reaction-diffusion equations. We analyze
the resulting range expansions in terms of the demographic, ecological and cultural parameters that
determine how the carrying capacities relate to the local densities of skilled individuals in each species.
Of special interest is the case of cognitive and intrinsic-demographic equivalence of the two species.

The range expansion dynamics consist of multiple wave fronts of different speeds. Properties of these
wave fronts are mathematically derived. Depending on the parameters, these traveling waves can result in
replacement of Neanderthals by modern humans, or assimilation of the former by the latter. In both the
replacement and assimilation scenarios, the first wave of intrusive modern humans is characterized by a
low population density and a low density of skilled individuals, with implications for archaeological
visibility. The first invasion is due to weak interspecific competition (i.e., niche difference). A second
wave of invasion may be induced by cultural differences between moderns and Neanderthals. Spatially
and temporally extended coexistence of the two species, which would have facilitated the transfer of
genes from Neanderthal into modern humans and vice versa, is observed in the traveling waves, except
when niche overlap between the two species is extremely high. Our study proposes a complicated process

of modern human range-expansion due to ecological and cultural factors.

Wakano JY, Gilpin W, Kadowaki S, Feldman MW (in press). Ecocultural range-expansion models for the replacement or

assimilation of Neanderthals by modern humans. Theoretical Population Biology
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Aoki, K. (in press) On the absence of a correlation between population size and “toolkit size” in
ethnographic hunter-gatherers. Philosophical Transactions of the Royal Society B

Fogarty, L., J. Y. Wakano, M. W. Feldman, and K. Aoki (2017) The driving forces of cultural
complexity: Neanderthals, modern humans, and the question of population size. Human
Nature 28: 39-52. DOIL: 10.1007/s12110-016-9275-6

Ohtsuki, H., J. Y. Wakano, and Y. Kobayashi (2017) Inclusive fitness analysis of cumulative cultural
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humans. Theoretical Population Biology
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