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1. IXT®IT

ECERR (B ) OFEIX, 2°o6%, AWt liX, &HEEITENCE ST 558K
BESEIRT DO FUIENY . ZOESITENE OMEORHR E 725 Z L&V 5, ZOHKM
I OINCT D Z &0, BEHEEROH 1 OREITH D, ZOFR, SR EHE(LFORAETT
b o THEMMEL AT 5 Z LN TE RN L2 LIRZ TEBL, VRO 2 OE|
VX, SERIE RIS T 2 E AT O D Z LiZH D, DF V| FORHR & Wb A IE
SATEDDS, PEEREUC R CE(LARE £ 71 IIREE & o0, BIZROFR Y 28> THLVEL H
%9, VIbEZEE 2 CHHERFZE BO1 O5IE. B R &ERT VT A — L OASEBIDJFER
W& DG ERE I RO B E9°5 [HEREGER) OFEGHRILE B HN2 35 2
EZH D,

b FOSYUIEEEREISE LT D, — . R T T IAA — DA, BRI S
D, PAUTFEC)IThH -T2, b FERT T2 — )LD AL O L, WiE OFE
BEREOENIR RN H D L E X HID, 8 L BREICOWTERZIEE L, #)72des
PIEINTHTFETH D, SHIZ, ZOFHROHINZ L - T, BERFE L7 XKal S
%o AEETX. BTEERA, WL, AEMER Y, BICHSZ E2EWT S, —J, %BEIE. Hl
WEERR, B, BoRR L, MENDHEEZ L THD, kIS 2FEOEE OMA
HlZkoTlE %, BRI, SUbaRd 53Uz, EERFEIZ X > TR S,
HEFEHIZ L > Tl T 5815 & Wird 5,

ST, BNtk OB T 59 2 2RI, LR X 5 LW SRR RIS
DARRSE DRES]. B X UOSUVER D GRE & /o9 DA ofe ) @tk G b2f
S0 Tho, IHIT, th EEM) 13tax 22255 (MRIFERIC X5 XA, BikoHrrE
EHFREDOKR]) OEREZ ETLONEBETHY, ZOREZETINELH D, 4, &
FOBRED I m, &HT (12106 m £TEH) OHREOED Ny, &E OEEIZ X
HA T x—a CFD g, K OREIZ L > TR SN A ) T = —3 3 U DMERE
L THEARIZ L > TSN OMRE (FEEmE 4+ ny; & Lie &, REMZR Uk
HE R X,



R = Z{gl Ni X U X Ty [1]

IZE->THZ2BND (Aokietal 2011, FEHEEFOMEREENIET /L [Kimura 1969, 1983] (Z
HSBEITED), SF Y BHTRIYS  0 E | OFERIC L 5T Ny oS
IZONWTA ) T x=—a UDBEIBEN, 2095 bOEIE nyy BWMEERBIRITEN DD TH D,
ARRTIEET A/ V=—a URe i D EEEERRE D OEIZ AW TR~ S,

2. ZERAICRERREICRT ¥ EENOELET IV

FH LD DI EERFENERERDO LT (REBIC L) ARIE D001, BENZ(ET
HFETHD, OF 0, BRESRMICETI L, BENRV EEIMICERER (LA D)
. BLOBRENERICEETHY . BERD D FEBINCEREEA (L E%1T5) HET
H5, & MEIT 7V IRNOEFEOHNG, 77 U NSRRI (H7 7V ) L
T2 EDBINTND, ZOFE, kxR BEREIZER LI THhA 5 Z &b, ikFERe
%10 bS5 BINEIRA 52T T rTREMED =,

ZHEH, B MERT T AL =TI 4 O JTEERTO R, 3 Clo@y was
RENEZILA L QW= B2 6D, EORHUI, RT T WVE — IO EiRo & Fs
DIBFTHR STV Z &1, mERH ST ERR IO EE2YRE> T\ D, £/o, B L&
X7 T IVH—)V T FOXP2 i OBIHN DO EEE 73537 %  (Krause etal. 2007) Z &>
5. [FZEOSTEEIEZ A L W REMEDR B E TEX R, £ 2 C, A 2 TR &
PEERTT ZE RN EYE 7R BREEA D O ARIERIZ > TERS eI 8 T b T 2 5 %
et U, BRI, 17 7 U I ORI EFIERAETT LTI a2 b— h L, #2755
DI FF TR LRSS O A R BRI D3GR T 58T V&Rt fif
HrL7= (Aoki & Nakahashi 2008).

ZORER, FAARPHET DA 2RO T, 3l ORIV ANRHD 95 2 L &2%
R U7z, 12BIE, oAahEds L OMERSERE ot (BASEE OB 23 [RIRH R X
LEaTHD (VA1) 208IE, OAIEKRIZEST 2 0MEETFERE I L L2
BaThsd (T VA2), 3OHIE, HAERIZISR L, [ERFEEEN O L H X 720
BaThsh FTVA3), FUF IR BERPEWIIE, EoAE LB ORER
DEFENPREVNIE, FEHLLGV, W, T VU A 2 BT D50, RS ER & /Mg
RS L TH D, >F VA 3%, W FEE DAL L RWERICR OGNS,

RGO T, 3OOBEGHIT T U AIENEI, & MK T 7 U B, X7 T4
— VO X HHT 7 U B H 7 BRA 7 — /LA LA a7 7 U IS
LTCWAEEZLND, LD, & MCKDHT 7 U BIZtE- T, b MEFOEEFERE
NBEE L2 0D ORFEA DFRETH D, 1 7RO T 7 v 20EFEE AU, TA



RN AL K OTA Lt

MIXEZD2ETHD) EWVWIFLRSELR L Q0D FEttbEGR DA LN A EE
ETHE, Te MIAKETHHE TH D) EEVRZ D T ENTEX DD TIERWDY, DFED
HEFLD IOV ZIER o Te BRNEMED AL U, W AIEMED (L Lo BHEE D X D ITRD 5
ZENTE,

&C. Aoki & Nakahashi (2008) D ZDET/UNIIE, REKRRENESIEEND, TT
b, 2 L ERTTE N ZE IR E T 0B TR Y | [ AW T
BRI LD CRWEARE LT & ZAIZIEIRR S5, B NDOAe BT OMT, [Fl—fEAN
a8 LERSEE O GBS 2 Z LB TWA, D bIT, B hOSULORHH &
bW R DEFEMEL, Fl— AP LERTE 2 ZOIEETITV., A2FEIC IV ESL
T F O LB U TR E I LV BIEE A D Z LI K-> CalfE: 72 b, ZDHEE
FEERE OEALOWFFEIL, Boyd & Richerson (1985) (245 ¥ . #i/T Borenstein et al. (2008) 33
LTV A0ki (2010) 12X - THEER 72T VORER & ZORITIED ST D, 728, Z0O#H
B E ¥R X Borenstein et al. (2008) (Z{fk-> T SE (social-learner-explorer) B & MRS Z L1129
Do
ZERNC BV R BREE T, SE B DSt 7B oM B A7 7 & OHRI L e L CRF
EIRBDIL, BERNENEETHD, SHIZHBIENT L2, SE B L9 57201
X, BEDEA I IINEETHD (Aoki2010), HEFEENKDY | BERFE G E S
IZRENE Z 200U, RN SUEZ X2 T 5 SE BSOS (L TE 2o Th b, =
DOFEFUL, BISEZHMYL L2 ET A0 BEDNT- TREE D L O (BT VOS5 M% 5
B, X0 ESEZR TR ESD ORNREEOFED 1 > TH D) ThHH, b hOFEEREIC
AT SR BB TR B D Z L A NB L WD, AT BIAESIZRB N TEED
UL Z AT Lo TR L7 H2SE O, IR OHRITHB W TIZEOYbERY
T AT, BEIEERFEC L > T AEE LN BAEZ D LV ) ¥ — 13, B MZh
HREEL T E D200 B HIR Y,

3. ULELEEE & © DI —HZBENMEEDOIR

I RSB L > TR SN A ) T — g VMR EIC L > TERB L, #Ha%
RIC L > T SN DIERRAZ T2, ZO7=0I2, BRORERII2ET IV (Aoki &
Nakahashi 2008; Borenstein et al. 2008; Aoki 2010) & 135720 | #t5 (EH) 23ETROEAEEN
M5 L U L EME(ES 0 Moran &7 /L (Moran 1958) %575 (Aoki etal. 2011).,
FT, HERREEIR XA SRV RS EEE 2 D, HOULESRE BlzX, AT 1
TDOE) \Z20DERM XA T A LXATB Bz, HEHIEWLO, b o)
DMFAE L, LR BITENTENS A T A £72134 47 B OWT—HFa28HT 5 &



L& 9, (F—ADEEWTOFA 724 - (T 256, ZOITRRLYbER LR
729, M= odREE) (L&, REBEFES) 1E, A4 7 A OBRER L (ZDoLE X AT B O
BHEEILI N-i THD) ICLoTEBIIEREIND,

ST, 2O Moran E7 /LTI, £F 1EEDFEAE L, #H2F B> THA T A %
72137 A4 7B #E15T 5, SHIZZOERIZ, ZOFAEFIERLSNO 1 EENIETT 5, FHiE
AL ST RCERDE T, AT A Uy FEMS, HAERTA Vo MZEST
HEOHERBOBN 138D LRV, 247 A ORRAERICOW L, 1 A2 (2o
EXHATBIX1IANED) 2 1L ANED (ZOLEHATBIT1 NEZD) ». Fi3y
BRNDTh D, £Z2T, 203l OFEROMER (BRMER) KD, Hi) LIEERIE
THA ) Txz—a W, HAERTA Ty MOE S RO R L > TEET 2%
ZEET D, (HEREERRB SN2V OT, BEEMRIT 1 DRI UZIV,)

EispEEE (MacDonald 1998; Lycett & Gowlett 2008) (3, #2238 OfmEkkHs skt
S RSE 2 I A E R L RO VANE I DGV I T 3 8= L bAY raye = = SaV i alE e VARR LIl WA
B a1 NBELIRATEOLA T2 a—T 5, fUTRETHDH, ZOWH, UbEHR
DA THPFECRITHE LU, EEMESRIX

m; = 1/N [2]
Thd, T, ZofEE [1] RIRAT U, bt L
R=u 3]

NEOLID, DFED | RUTSEIC L 23U EE T, #E R ted 5/ /) T —
3 Uy ([ZHFELLY,

Pigeot (1990) {Z & % Magdalenian {5#t Etiolles J&HDT &% — 0%, — kLA orinE
Ze e LT %, MacDonald (1998) < Lycett & Gowlett (2008) 1, [EUHY72 @5 mmI 2 DT
— RIS BOTAB D R TR C LS UM 2 RIS I S8 & 33595, Aok et
al. 2011) 1, ZOFRIZ OV TSR ERIRET 2 N2 5729, bR Moran &7 /WZFE:
BRI INZ TR UTo, —RESERAREE 7 450 Uiz, AHTIREL OBV, 20w
& LIEEN S BB A R AR ORI 1 ATHET 5 2 k| 2 O¥oRE Ol T
FTARCOPANARD = DRTREERFEL T 5 2 & Th b, £, —HSHMEEET LTI,
ZAT A (LZ AT B) ORBAEROA TIREEEZEFRT H 2 LN TERY, BIHEOERED
AATHIRETDVNEND D, 16> T, WREIIHIZIX 1A (X4 7 A OBBEEN | #Bor
HLIATA) LB (FAT A ORIEHN| | BRENS AT B) LERSND. K1
(ZFTREZRIRAE (Z DG A IRAEZEM] & PES) 36 JOMRAERI O FTREZ 2B 2 7R T,



BN £ OSC i

2L [V

1$A_>21$4_> ------- > (N-1)4 > NA
0B < 1B<2B< - < (N-1)B

A A A

1. —RZHUMEIETT LV OIRREZERS K ONTRE /B

LIZBWT, 1A BEW IB 1ZE BITHA T A OEFAEDN 1 ANFAET HIREEZ £ LT
WD, 72721, IRHE 1A TIHEURENZA T A THY ., IRIEIB TIIHRENF A7 B T
HbD, DOFEV, XATABA ) Te—varbiliglizt &, fEOHAIZIA ) T xo—
¥a UINBURFIZ Lo TR S, BEOGEITITERELS GEERE) ICL > TR E
NT-Z L2 %, fEERFEIC LY, KRB 1A £7-13 1B Z4RiEL Lt Enx A4
A DOREE (REENA ICE D) ERITTNTH

ma = (N+1)/(2N) [4a]
BIWY
g = 1/(2N) [4b]
THDHT ENRESD (Aokietal. 2011),
BREBIOWERECL DA ) Te—2a b ReFNZN uy BEXR u, & LT (1]
REEHT D &, —XEEMBETT VO LEE X
R =uma + (N = Duyemyp.
FoT, ZHUT [4a] B LW [4b] AERALT
R={u(N+1)+(N-1Duu}/(2N) [5]
155, [ERFEHEN 2~ TA /) T o—2a U EBIHTADIL. ZoRETHA I, F1L
EBIFBURETHA D), EBLOLDITREWEREMEZFEET DOV T, EamdOah)s

%, RIZ, 20 (BEBLEZEDE) TXTOWKENFE LA /) Tz— g UIZH
UL, 2F0 u=uy =u THLHROIE, ELHEEIL R=u &Y, FHTzED



Gt L ED LR, LB HMeED S & T EEE DI S 5 72 DITiE,
u(N+ 1)+ (N—1Duy > 2Nu [6]

TRTFUEZR 570, ULEOHRGAIEEN SIS X 91, BHIIRARMai A2 281t
1T LSS EMRIEICF DR 2R D D Z E N TE R,

4. BHYIZ

BT, AREMEICBE 59 2R T DWW CEDELE I 295, 3T TV H—)L
DNA O draft sequence 23R I4, B hERT T NVEF =V ORGIIE, B FRFETIED
IR Z T T ATRENED B HIEA T IC NRG3 8LV CADPS2 NEEN5 2 EAVHIBLT-

(Green etal. 2010), NRG3 & CADPS2 [FERANITHBWT, TNEIFARFE & B EEIC
B35 Z EHBILTWND, RED LY | EIRERPE (7 A~ —) LREMEDRS
HRE /iR SAUTUW D (B 21 Fitzgerald 2004), F 72, #EAKRIE & AREMEORSHEIZS
Wb, BIRITETE -/ — VLRGBS B4 John Nash DBURERNER B D, 3 0%
THIR LT DN 82 B T BRI, 27 A 77 LRI K O ICEFRIC B 726 T
H5H,. & (Nasar 1998),

51 TR
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Evolution of learning strategies and rates of cultural evolution

Kenichi Aoki
Graduate School of Science, the University of Tokyo

Abstract: This essay summarizes the analysis of three papers, Aoki & Nakahashi (2008), Aoki (2010),
and Aoki et al. (2011) (see references).  The first two papers deal with the evolution of learning
strategies in environmentally heterogeneous subdivided populations.  Aoki & Nakahashi (2008)
assume two competing strategies, individual learner and social learner, and show that the former can
increase in both numbers and frequency as a result of range expansion into environmentally
heterogeneous space. Aoki (2010) shows that evolution of the social-learner-explorer strategy, a
composite learning strategy in which social learning precedes individual learning, and one of the few
plausible strategies supportive of cumulative culture, is constrained by the timing of migration relative
to the two phases of learning.  The third paper addresses an entirely different question, the cultural
evolutionary rates expected under various modes of social transmission. In particular, Aoki et al.
(2011) show that one-to-many (teacher to pupil) transmission does not intrinsically accelerate this rate,

which contradicts a heuristic prediction made by some archaeologists.






AZRRE BO1 BE 2010 4EE W72 # i

DATTERFFC RS DEEFEFE L H2FEE OHTF

FERK L
AR RECERL TR

0. =

R ERE ) Lt ERE T, Ui b A 322 2 SR0URE 1 Ch 5, 1ERDZ < DRFZE
T, ZNHOREHDEEAIL, YA AN—ETHLZ L ZEL, BInTHEDX A F
IV RENL LTI o THES N TE T, LinL, €D K9 ffZe7 /i, kA
B D2 A ERE I O L 2 B2 1T, BRERIZARE] LRI 72 ATRENE
P> %, L7 BRI, LV lEICEHER N AR & FROWHER THT 7 U 0
ERER L TWD D THD, Al Tl BIREEE L HRFEEE ORZER A A T 7 A &K
IMEBOTFEAIC K> TET UL, TS %, ARTT VORI, ARG ST
SFEEPHEFE T OMFEROT 5 2 LI et 2 Z T 2R Ch D, ZD%)
FAT LY HRFEEOGAERPINZ L, S FESERRDODMILRELZ Y 5 D, Fox
DEBRFERITUT D 25TH D, (1) —HRARBEEUIIER LTS EIE, (EFEE1T
HEFEBEITIZR SR, (2) MBIEFEEEDRSRILROBE DRI D & E IR =
FEE OPMIERZINT D Z D, TNHORFRIL, THT7 7 U h]) 73, B AJHC
B D 7B E R DAL DJFEN /) & 72 > T AN AR LT D,

|

1. %%

il

%2 < OAEWFET, BUED D5V NIV B EITOAAIERZ R LT 5 (Shigesada &
Kawasaki 1997) , NFEHEALOWFFEEZ & > TlX. Homo sapiens RO TH DT 7 U I %
TR AR LT THT 7 U 71 ] 23 B BURER Y, ZAUL6 TFRTZAIEE Y (&
HNTH o &L il ZIX, Armitage etal. 2011) . A—A M7 U 72134 75 5 THRITZ AIZ,
Paa—m y NZE3 5 TRRIZ A, ELTT AU ML F 2 FAFERT L W ANcEREL -

(B Z1E, Mellars 2006) .

SIARPERH OEERDS 5 1T % BRI T, MR —E DD 9 1T 5 b D L 13 %
AIREMED B %, ZAUHI AT, BAEIZ L o TRA LT LWVERERICEB L2V | S 05eEIC
BWTEAEREEEIMENZ 21T XY | #ASRHEERDIRE SN $2026Th D, 7710
PEREDHET Lich &b DAIERFRISZ T TR E DA LI 6 3L TH A H, £



TR & LT, ZRRERNHFNL T > Th, EIDNVAIIER O Tl & 7o 35551 08 sHY
FENC K> THEE LT WE WS BN H S (Edmonds etal. 2004), Z AU HEEE D 25

(surfing effect) | & FHEILTEY  (Klopfstein et al. 2006) . HAEE AN I TS (Bl z
IZ. Hallatschek & Nelson 2008; Excoffier & Ray 2008) ,

ZEEIED A KIC -2 252280, & <UTHIATEIOBELDOSUIR T CIZE < OIFZER B %
2N (B z1E, Nowak & May 1992; Trwin & Taylor 2001; Wakano et al. 2009) . J3ARHERHIZ )
HEBEPULEIZOWTOITEIL, Fox DIDIRY FFE LRV,

FEEENDBREET OIS TH Y | BN L& S 3ERTE GUTER R EIck >
TIELVTENZSE) 28, WL R0 E ST (Bifilde &) NEELRDZ LT, £
< OMFFRIZE > TRENTW D (Boyd & Richerson 1985, 1988; Rogers 1988; Feldman et al.
1996; Laland et al. 2000; Richerson & Boyd 2000; Alvard 2003; Henrich & McElreath 2003; Aoki et
al. 2005; Wakano et al. 2004; Wakano & Aoki 2006, 2007; Borenstein et al. 2008; Aoki 2010), £7=
Aoki & Nakahashi (2008) 1%, EREEZFRIMIZIZ—HETH . HATIC K> TR > Todul, A
FEPEEL D D2 L 2R LTS,

AWGT Tl AR FZERE ) DMV G- 2 DB T 5, & <IT, fERE RS
HIRE AAVER DN A7 DA O IREE FEEREIEU IV T A BAILD LW O BT RMIREEEANT 5, Z
DIENZ LV EETFEH DGR & 72 D05, ZD AT =X NTFATHIETEZ BN TETLHD L
(T2 > TS, AW TR, BUSEROTIERA W T, i85 & a8 o2
X HA~DIFAZET T D, Aoki & Nakahashi (2008) (%, TROVET /L% W@tz L
TWDHDT, ZORTHIATHIEE Bie > T\ D, RISIEEFEZE WD — 2 OF | i,
BB D3RI TR D "linear-conjecture” & ST D FHEZHWS Z L TREEL 725
RTHDLN, AHEETITEOEFHREHICOWTIFIES 5,

Homo sapiens D7 7V J1 D/b— MIBHE bEGRIW T\ D, B hOI ha R T
DNA OAFREMTCTlE, FloN— M TRL— R T7bbA o FORSENDHRET ¥
T~Efel — R Tho72Z EDVRESIL TS (Forster & Matsumura 2005; Thangaraj et al.
2005; Macaulay et al. 2005; Mellars 2006; Armitage et al. 2011), FA JUBERNG Lo b~
% [Her— 1) 12 6T, TEb— b CIEEBREOGINC LU E -T2 8B 25
N5, ZZTHRETHET UL, TRA— R DX 9 RBREEO MBS RNED A N S U
Gra OOARIERIAZ, TIN5 BIRERONREMNFET HHDTH 5,

2. BTV ERATRER
21 EFL

fELOT2D, 2THDRCIIIFEZIRET %, T2 b blaREER a2 Ron, (%
B Z2Fon, Thd, £ 2MHEZTOTEZRET 5, $70bb, BREIES LT

10



SIARPEREHC I T D A28 E &AL H oA

178} (Correct) 7>, Whts L T2V MTE) (Wrong) 7> T&HD (Feldman et al. 1996; Aoki et al.
2005; Wakano et al. 2004) , ABFFEDORFRD—o1E, BRI & 22/ L L2 BREE 2K
ETHIETHD, T7hbb, #OIATINIVOTEH EZ THHMIGTH D, HiEERD X
INTEFRKT D ¢

SLC : #AFEE G2 b b, wsr TE A28 Uik
SLW : ¥ FEE A2 6 6, FERICHHTENZ 728 L7 8k
IL : ERFE RS2 bR (RIS TE 2 B CFE T %)
Flo, ENENOBEEZRO X HITEERT D,
X(xt) - AT x, W4t 123515 5 SLC D
Yoo : AT x, REZ e (28U D SLW O
Z(ot) - BT x, Wil \2BIF B IL O
NGt = it x, REZ ¢ 12360 DREIRE L (N=X+Y+2)
D DOEEORZERPEIRE . SOMEHOTERTET /ML LI2V, BUSIERO 2T
(R bE) = () — GEr®) + (EHE) (1)

EWVIHBELTND, Fix DFT /M, LLFOIIEBEATH S (=T 1 KT TER
%)o

2

o (X#YYY+Z—mN¥+DafT

ot Ox 2.1)

2

Y x+nAY (imvyr+p2Y

ot A+ N Ox (2.2)

2
oz = rZ—(c+mN)Z+Da g
ot ox (2.3)

B DEA S DAL, YEHEE L FHIAL, [BIED T o Z NIRRT Z 228D, f
RELTEENENE ZANBIRNE ZANEHND XA T I 7 AZRIL TNWD, HUD
P OIEIIRGIE E T L, SLC, SLW. IL OZFENN., T x ICBWTED L )1
HERIE - SR 2 ERBLL T D,

W7 BB ACBWTCEEREEL 22°CTHhs, 1 2HIE, BEREE N BARkEL 2

11



DNFEDL, TNEMZD L DIICERNENT D EER), TORREN TR
HE X720, 20HIE, SLW (X s RN E LV ILIE ¢ HURREENEV, s 13,
FEWCHATRNVZID Z LD A b o IHERTFE O (HEFE L) ax N Tho,
HIET o AL, OEMECH D, TSRO L L LT, FIBOBG T EZ TS,
L7»L SLC X° SLW O3t =B 8B4 023, 1TENTHN O TlER LM 7
BT 5, TO=H, SLC X° SLW O SLC & L TRAIZRDHEREZIRD L H 1252
Do EF. ALFEMIET RE T, ERCHAYE O RS AiVN L35, =
ZT A EAHNE (attenuation factor) & RS, #HEFE TX e o725/ 1E, SLW (2725
TebO LRI, R CE L& BIGHATENZ R T HMERIT, ST G T
Hha L O DIEROBEE (BETIIRWI LITER) EELWEeT5, T8, a2 8E
N " X+7Z _ X+Z
A+N N  A+N

{5 AFFO 703 SLC (270 D HfERIT TH Y., SLW 1Z72 DRERIX

A N N Xzz A+Y
A+N A+N N A+N

PLEDEGEN BRI 21)~23) KB, 2 ZTEZHBIMET N Th B, AT
DETNT, FHZ r>s>c D A<<rim ODEHEEFZZ D, — DR DOFMIZ, IEEICHAT
DR FBMEARFEDOAA LY REW (£ TRIFIUT IL 1 TFHITRSEOHNE & 72> T
LED) EVOE®RTHY, 2 ORI FEN RS DRERIT, R ORME M S
IREBIE L COIUSEER TE BIEE/ NSV E W I BRTH D, T70b b, FHROEIIEE )
IRWBFTIC BN T OHRBEN S 5,

LD, IL OEIY, 2D X 5 SR HELER N 20,

22 ETFINVOMMNHER B R2VES (D=0)
PERED WA, IL I3 L. WaUTERILEND SLC & SLW OIAFIRRE TR
\ZEEE 70D BrrIREIIARS) .

f(:( —Aj(l—ﬁAj, ?:[L—AJﬁA,Z =0
S m S

CAUTEIEANCIE, BRER ORI EY § ZZMZER & 72T UE, 30T CTOfEERDS
BISHATEIZAT O L 912720 ZORR X FOmVMERTE 242 IL IR & 72 5
MO TH D, ZORRIT, AT TR IR UIERH SN TE 722 & & —FH L T\5 (Feldman
et al. 1996; Aoki et al. 2005; Wakano et al. 2004), 7235, FARIET SLW 23V LiE2S DX, SLC
MOAHEIFAZ L > THEIZDED SIW PEAHSNENETH S,

3|~
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23 ETNVONTRER  IEBRHDEE D=1)

YRS B DR, XA T 7 ARV BEHEZ 72 D05, W OBE b St TR
(TWS: Traveling Wave Solution) & FETZILDIRAED, &2V T 2 DOZERME TIRAROEIAE
HORREINRT D, FHE TR GEEORENMFAE L. £ DIRDHR Vg EECPAICIR
MR OERDME LN TN DY, & 2 TN OIT TN TEIE L, NEE(LOBLEN G,
FRCEBERFERTZ T 285 LTl %,

F7. ZEEOLEMNT L, SLC, SLW 2MEE L, AAMNTIE2E & Hids RS 5 IR RE 2 A8E
T 5, ZOREED HF 2 ORISR ZEER RS 5 &, O C—E DO THIZET
DB STz, HDH/3T7 A =2 ITBTHWEORT M 1ITRT, ZO8EI1E, IL, SLC,
SLW X5 AHA L= T TWS(XYZ) I k- TZe& i~ AL TV 5, IL 1 ZEMN
ForriR L=t (KIOEdR) CIRIRETHER L TS D3, SR IE R OE T D Jeinh A7 12 H)
XRMOAFIELDDODITH T LI D R E L TENE 2 6 HIEREEE LA 8 E O
HAFIRREDHERF S ILD, RXT A—HICH oL, O XD etfmhfeRi sy, 1Dk
TRIREEDNS IL D3I L. AT TWS(XY) DEFIREEL 72 28 1 5 D,

1.0
X
01 ¢
= Z
2
S 001
K3
fa))
o
TWS(XYZ)
0.001 | Y 179
0.0001 _
7900 8000 8100

space

1. ROSHEEBORBEROEEEEREE (=0.2). SLC, SLW, IL OEFEIFNEFN X, Y, Z Thbd, H
LN MRS OB E A () &, I OBEEZR~d. D=r=m=1, A=0001, s=05, c=
0.2, t=4560.
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BDIRT A =2 ZBIT HIWORT %X 2177, ZOWHATE, IL BAEZ IR AT HitE
1T TWS(Z) &.SLC & SLW 728 IL ZE & ST TWS(XY Z2) D, 2 2DH7%
TN R BND, BURENT L2, 20 2 SO T OMEEI LR 2> T D, TWSZ) D
EH, TWSXY 2) L0\ DOTHD, ZOFITHE, EREEE L8 TaEm
SAZ (L TWS(XY _Z) D5l ClIttStEAERIZ® 5) i RkE LT, 2372
D JRNZEBMEREEE DI L > TED BN Z & LD,

1.0
X Z
01 F
=
2 ool TWS(Z) _|,
g ° 1.94
(@]
3
LY
0001 _ TWS(XY_Z)
0.88
0.0001 . . . .
2000 4000 6000
space

K2 : FUSEBOTER OB AR (=0.06). SLC, SLW, IL OFEMEIIZAZTN X, Y, Z ThH2.
b DIFZINZIIT HBHIE DI AT (BB &, EITEOREEZRT. D=r=m=1, 4=0001, s=05, c
=0.06, ¢=2800.

2D X5 7, ERFEEDICOIERE T 2RUE, EOXH L XTI HDTH
AIM?ZOREREF LDI=ON, K3 ThDH, ZOMMNG, EERFEDO IR RHIVIINE
=N, IR FEE N IAT U COARIERT D Z o sd, a2 A MBHRREOSAITIE., iR
PR LA EEITRRHCZE S IR AT S (K1 OB, 2 A MRKRETELHGAIC
I HMEAFE B TGRS D (1006 IL 2RV X 9 2R . (EIESEEE O St T 5 AR
NEE D & & 2T EEOSRIIGEE L, FEFITES D Z & b3 Nnbbn5, 21l
I, EREEE D 22X IZRFEIRATEZH0ICR L, 85T [HclcthsE (|
K8 PEEL, HolcakE LR ITRAT 572012, SLC X IL LY $AF]T
HHIZHEDL T, FERIMRATERWNLTHD,
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0.00 0.10 0.20 0.30 0.40 0.50
C

X3 : (TR OBEL ¢ B2 Ty N7 T77. REVHERSWHE, ZhEih SLCX) & IL
(Z) DIIHORER LG BFE LTOEE 2R3, B, o772 E0aE3 5 /10> SLC (X) OB T
5. ETOHBUIZAEL, "linear conjecture” {EZ W TEE L7Z TWS(Z) & TWS(XY_Z) OiEETH
%. TWSXY) O, o IZIHEFET, BUEstBEICLY v, =175 28572 @D . 2 0 0 BHER
FIZONT, TWS(XY_Z) & TWSZ) D 2 2DEDHEITIOE, ¢ ~0.14 (L TEKRL T2 T
B TWS(XYZ) &72%. ¢ DIENR vy, & vy DEPGETHIFEITREL DL, IL FEALT
TWS(XY) DERIRAEL 725, D=r=m=1, A=0001, s=0.5.

Fo, EERFEOa X FPFREOYE (K1 ORI (28T HRAREIERTD &
TIUTEEFEHE DA E LRV EDORARE LD | DT NTEHN (v, >v,,) 25, R
FEADBMTCEIHITEATLILGEORELIZEAEFRUTHL (v, v, ). ZORER
E KVIR= X N THEICHATEIZ MG L 5 22 FBHEDHEL Th, LHDOR (RAH
FE) THEUARSEE T T OER ORE B Z 720 8V 9 BIRTC, & ~DRAHEIZEE T2
Rogers D737 K 7 ZADOFELL 78> T D,
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3. ER

31 £&®

BREENZERIFONZ S IRFHIIC & — R0 6 O BRSO A B LT, BT V&R DG
JEROTFERIC B O THEBEADMTFAE L72WEAE, BIARE38 13H T %, — 5. JEBMT
TEL., ZEEHNZAIERZAT > TV DRI TIE, B TENIZ L L2z B8 537,
WHEEEPFRECE D ENBHLNE ool TORMIL, S AAfERO S Tl EARE X
VR ChH Y | EORERAETEH OB T, A2 FEE DA O SeEIZ3u T
FRER DL THD, ZORE @EIHF) 1, D T/havy FHERHR CIE 4=0.001)
ZHEID LT, BEASRERICIIRE R EE L1207, 277U, FICERFEE N R T
XHOIT TR, FIAFTHE LTH, TORRIEX 1, K 21TR L2 K 5 IOk
REDMTFAET D,

32 NEEb~DEE

BESHATEID LT, 2R FEFIC L > TT T LS TS (M1 BLOK
2 DFdin) IZH BT ERFEEDMH CE 2 &V O REFRIT, ko Had@stak (B 21,
Rogers 1988) 8T D TH D, ZD& DRI ENHE DL, HpATHERT & D RBLE70
HTh D,

Homo sapiens OMICERITKI 2 0 AT AIZEIL T 7 U 1 258 7= D035 6 J74EH(,
Z L CEMRADOBENTE T LIeDITHO T 1 THRITTH D, 70bb, B AHDEE L
DIEL D20 DERGE, SAEROEEL ThH 5D, ZD L 5 7kt & Ao TELET UL,
PERD X 9 72—7EH A RDOERDHT, Bip 2 A 7 OFE B s 0SMAE 21K THidr LT
WD EWD TEY IRE T VT2 Tl | ABFZED K 9 25 AL RIRE D F SRR [EHAK ©

(B 7T T VAT 5 2 L3, B AOBL A BRT 2 FCHETHL LEZI L
Do
MOBLED S SIAERFHE NV BAREIIEREE TH L, FIUTHES Thib~7z K
F 0 2hR) (Klopfstein et al. 2006; Hallatschek & Nelson 2008; Excoffier & Ray 2008) Th 5, f
FREER Tl EARHERURITHETE S 5 & S THRITH o ToBInF1E, £ ORMEARTED TERR
REICEE L7z & X1, T CITEERNCERE L CW D RTREMN &IV, ZONBFIINI D E | RET /L
WFZEDRE T DAEEEUT. B OB R FE R L, ImE BT & 7227y
LRI T T BREROA TR Y ThH D L7825,

33 RTUTNEZ—IVIDY BT ZA~DAEES

= o NIZBIT AT TN — LI B ZA~ORFENZ BT, e AD
IAPERIFTZEE HI~DIR A L 1T R > TV D, Lo T, KRET N AZZOFE FHHT HI2IE0
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Coexistence of individual and social learners during range-expansion

Joe Yuichiro Wakano

Meiji University, Graduate School of Advanced Mathematical Science

Abstract: Individual learning and social learning are two primary abilities supporting cultural evolution.
Conditions for their evolution have mostly been studied by investigating gene frequency dynamics,
which essentially implies constant population size. Predictions from such "static" models may only
be of partial relevance to the evolution of advanced individual learning in modern humans, because
modern humans experienced rapid population growth and range expansion during "out-of-Africa."
Here we model the spatial population dynamics of individual and social learners by a
reaction-diffusion system.  One feature of our model is the inclusion of the possibility that social
learners may fail to find an exemplar to copy in regions where the population density is low. Due to
this attenuation effect, the invasion speed of social learners is diminished, and various kinds of invasion
dynamics are observed.  Our primary findings are: (1) individual learners can persist indefinitely
when invading environmentally homogeneous infinite space; (2) the occurrence of individual learners
at the front may inhibit the spread of social learners. These results suggest that "out-of-Aftica" may

have driven the evolution of advanced individual learning ability in modern humans.
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bt N7 AERET =2 BN (R - BT U R) OARIERSOBEIZ OV TOHIA
P52 LR HNE UTHIEZED TN D, BUT~EE T PN DI DRI LT — & )
5. BEHEEM b= 2 EMEGE 2T D 72012, RFMRNT. B OHT07 7 A X S3H /s
ELT BRI OFIENHNSLN TN D, LNLARRD, BOENAMHERIL, X3 L bk
ORI & B L T D) TldZe < BEMRIT EOELNBNDGENHH 2 &
PERE SIVTW D, ABIETIL, BT #EOBAE NS —rdaba—Z v Ial— g
v L. BINWEAEBERT EOT —T 4 7 7 7 MZOWTERLTZ, O LT, #5—%%%
PEEFRAT LT AR DN T, B FOPEBUIZ DWW T OET MEG 2R T D,

1. ¥

il

AWFFEHHZ B CTEE DT DHEREIL. 1) BURADT ) 2Rk A £ MR R0
FIEZRWVTHTT 522 L1280, A (RE - e R) OERIY A XOLER /3 ARIE
ROB Y FZOWTHEET HZ L, 2) Ty P— RT U T A2 —)VABIUOBRAD
) BT =R EER LT, IADRHE TR Z > 7- HIRBIR 2 U, 5 AO @ B/ B
BEINC R 5T 2 F-DOEM AR VAT Z & Th D, AEFIL, FITHIEICOW T2
DIz, HNODARIERENE D Z L3, R T T H—V N & DB DWW CEBEDR
W% 5.2 57203 Tle | FEREIE OGRS b LB EHR A 5 2 5,

UTHED DNA ENTHAR OB AN LD | BRI ED e N7 AT — 2 D3EHE
I, THRN—RAL LTABENTWD [1], ZNHDOT—X X7 ) DHFFEOFARE R &
LTHETHY, BIZIX, 7/ LU A FEEMTIC L > TREZR EOEIZETE 585+
WL FIESNTWD [2,3,4, 5] S£HIBFZEICIRBW T 7 AEERMET — 2 I 3E FH S,
ZIVETIZRWEEDOMISEDN RIRE & 7o o 7o, TEROAIFETIE, I h=2 RU 7 DNA XY 4
IR L WS TR OGBS T DT S D Z L3 o7, LvL, 2 b= KU 7 DNA
ITREBLA 72 E D8, Y YeBRIIRBIA T2 E DR LB T2 E W) R H - T2,
LU G, 2 2 ROFYERE XY OWGEEREETT ) DB 5 Z & T, {#
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FRIZ %ﬁm@{ﬁA;mﬁ%m&7~74777k#ﬁ SINDZ ENHESINTNS
[22,23],
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(2, W HIR RO IHED AIRED N ARET LT,
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Migrations of modern humans: interpretations from genome diversity

Ryosuke Kimura
Transdisciplinary Research Organization for Subtropical and Island Studies,
University of the Ryukyus

Abstract: The purpose of this research is to obtain the knowledge of human range expansion and
migration by using human genome diversity data. To analyze the population structure of multiple
populations from huge polymorphism data, we often use multivariate analyses such as phylogenetic
analysis, principal component analysis, and cluster analysis. However, it has been reported that the
statistical results obtained do not always reflect the past migrations and admixtures, but are sometimes
produced as distortion due to the mathematical analysis. In this study, several patterns of migrations
were computationally simulated, and possible patterns of mathematical artifacts were sorted out.
Referring these patterns, we are constructing a model of human expansion based on multivariate

analyses of real data.
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Evolution of social learning strategies

Wataru Nakahashi
Meiji Institute for Advanced Study of Mathematical Sciences, Meiji University

The “learning hypothesis” proposes that “Neanderthals depended on accurate social learning”
whereas “‘modern humans depended on innovative individual learning.”  These claims are based on
the observation that changes of lithic industries in modern humans were far more frequent than in
Neanderthals. Although the difference in cultural evolutionary rates can be explained by a difference
in innovation rates (individual learning abilities), it can also be explained by a difference in social
learning strategies (Aoki et al. 2011).  That is, if the social learning strategies used by Neanderthals and
modern humans were conformist transmission and payoff-biased transmission, respectively, the cultural
evolutionary rate in Neanderthals would be slow, and that of modern humans would be fast. 1
collaborated with Joseph Henrich (University of British Columbia) and Joe Yuichiro Wakano (Meiji
University) to study the evolution of social learning strategies by using mathematical models. We
showed that conformist transmission likely evolves when the environment is spatially heterogeneous
but does not change temporally, and payoff-biased transmission likely evolves when the environment
changes temporally. ~Since Neanderthals had a smaller home range than modern humans (Klein 1999),
we can argue that Neanderthals had a subdivided population structure distributed over environmentally
heterogeneous sites. Neanderthals appear to have avoided the full effects of temporal environmental
change by moving.  On the other hand, cultural evolutionary rate in modern humans accelerated about
60-30 ka. During this period many drastic environmental changes such as Dansgaard-Oeschger cycles
occurred, which may have driven the evolution of payoff-biased transmission in modern humans. In
fact, modern humans have a tendency of payoft-biased transmission in social learning (McElreath et al.
2008). The difference of environmental effect on Neanderthals and modern humans may have
influenced the evolution of different social learning strategies in the two species. Human culture is
cumulative, and cultural traits are not innovated independently of others traits. Payoff-biased social
learning entails that we examine socially learned cultural traits to find better traits. Such examination

process may be the basis of human cumulative culture.
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Abstract: Archaeological records from the Upper Paleolithic age suggest that one of the most
prominent characteristics of modern humans among hominids was an extremely broad range of
between-population cultural exchange. This feature may have affected the evolution of their learning

abilities and, as a result, played an important role when they replaced Neanderthals. To understand the
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effect of spatial structure, migration, and associated cultural exchange on the evolution of learning, a
mathematical model has been constructed and analyzed. In the model, the following assumptions are
posited for simplicity: (i) the population is composed of a large number of small subpopulations
connected by migration, (ii) each individual is a social or individual learner, and the learning strategy is
genetically inherited to offspring, and (iii) the environment is spatially homogeneous but varies
temporally in a periodic or stochastic fashion. Through the analysis of the model, it has been found that
social learners are favored when (1) the cost of individual learning is large, (2) the cost of maladaptive
behavior is small, (3) the environment is stable, (4) subpopulation size is large, and (5) migration rate
between subpopulations is high. While results (1-3) are not new, results (4-5) together suggest that

spatial subdivision disfavors social learners.
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