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HURRER AR SRR,

1. IXC®I

AMOETER L 1X, ZOEREIZDTEDMEAT Y 2a—VDZ & Th b, AELITHIC
R TH Y . FEOM THARIME. BEFLRES. WIPEMFE, HPEMPR, FFme S8
Ronsd, 72, 2L OE LATENE, FRICRFERAFERB M & 72 132V O EL
THLONE@CTHD, KRB TIX, T T —/L & b hOAETER ORELL L fHiE
M—DDFLFEL 2> TS, RIS I A EDOHN (Ponce de Ledn et al. 2008 ), &
—KHE# O (Smith etal. 2010) 72 E1235 B L7572 EIAFZEM TN THB Y | %
FRAMGEVYTUN D (Guatelli-Steinberg 2009) ,

ATERICERD DB T, FE IGO0 BRIRERAN O FEH A 2 — LV Th D,
FE L, BRIRICOWTHIY | @mYRS A IBRIRT A FETH S, B TR S fER
E GMTERA, 8RR E) CMEEZZEBIZ LN LRV D (B, #Zorie
E) B END, B M AERTNC W THEFEITEY . AEEE T ERyE
ZEMTHEFbND CRFB—, RME), ZTD L DT, FEEM E 7 I3HmIZ > TR
KFE L HEFEH NG IT OO &%, FEATVa— VST LITT 5,

Kaplan etal. (2000) (ZJAuE, BAD) FEMELERIL, X, ¥ FHEIHHO AL
EL RBMAEROOTHENE LAY EZRHA L TS, ZOROOHEME, 22730 BUVE
AZENT TEEINRITITIZR B0, Bl IEL, BENHET 2FHEEWOROLE
AFEMEN R DR RADIFHEICR>THETHD, FELDBANTHELND BYEIT
ROENTWD, FFHEEM SO EDNBIETE DX 21220, S HITITREIZ M L
THHOFELEZPRETE L LI ETICiE, EWEEHRALETHS, 20 [/E
FEFE D (EFRROERT) ED L9 A ¥ a— W IiE-> T#Te 7> Kaplan et al. (2000)
FRERDN D, ZTHUTOVDTE R L TR,

ERFE T EHT, EBITFEHTHY s, REIZOWVTORBFHRFUTENDLH
D7z, HINBIKD L THR & 72 2803872 %, AT 2 EEN OECERRIT. 1
[lX D OFEEEN G2 6NTGEI, EDORAFR]E o THELT %03 % E 29T
M L L CE 7z (Boyd & Richerson 1985; Rogers 1988; Feldman et al. 1996 ), % D&,
BRENED Y W EREEFENARITH Y, HIIRENLE CThH HIEEHEFEHNA
FTHDZ RSz, EFE &S FEHOMFE (ER, D0 FEEEEC, &



FFEDT B0 00 ZREFULED SR A N (IR OFEF 12 D IFf & —
FAF—) b, BUVTIRGZRWERTH 5,

Tl ARICEROFEERER B | 52 OFEBS TEETE, 2578, 00X
ZOMBGERANDZ LN TEIZE LIS, FORIRPEER Y a— V03 HR Lo T
LT 2 TH A DD, AR T FEEEN 2\ LW b BMZRIERED S & T,
ZOMICE 2D, LT, RENAEDLLRWEA, R TEDL A, RN TED
LB DENEIUIDN T, LI RERTFEHA Y 2—NVERD D, ELIZLE
IR R G a— e, T ERFOIZEALEDOEKEIZL > THWLND K HIZ
ol & MOEDFER V2 — bl ZHUZLERTAFTH L E VNI WEEFF -T2
FEA Y a— D ETHD (Maynard Smith 1982), CRREENEE K EHTIEH 5
0, ELORKERESREWZ D,

2. ETIILVOBE

ETIVOMEZIRARD, FEMIL, Aokietal. (2012) &Mz L, AJEIC—EZT,
HEMEAESEIC K > CBAE A T D540 0 70 A IEREM 25 2 5, HARITBERTITH 523,
AR OE ZFL & T 558 (BUTE®E) NAiETh b, BVIRLIZRH), Z
DAEWIX, BREORESCERE O xS BT 2 WA, R8I X - TEE
I, HONFHEFEIC L > THIBEICEBT 52 L TE D, ORI, B
ERAHREM ((TECZOMEY) & LCRET D, BMOREZER., HOES, A%RD
SHEZREN, TZTHELTWLREATH D,

FEFTOFAERORBA ZPIAEHIAL L IE, Zhz 0 £ 95, BYOTFERIZOW,
T, UIIRBAZ 0 LT8R ETHAH, —FH, MOEIREIZHo0WTE, RE
DEWZAT O BN DD, AVEC 2[EIOFEES GF 0 B FE &5 1 BE+E) b
D, FEFHZBWTEETEE O, #EFEHOA, X0 (RBEFEIZEEM) (12
Ko TCHRIBZTH T 52 LM TE 5, 50 ERZRORI 2 s, 55 1 Btk
DFEBI 5 AR B L MRS, AR B O B3I Z % 53 5, SFEBOEDIT,
WIS LTI L, Z0% b LIED AR L TRt o & 72 5,

EAREE LA O )T 2 AW HE0RANL, Th 2Bl THW A
FHANZ0 & 1 OBOY A FEHIT TEADT LD THD, 5 1 BEEY
(i=0,1) IZBNT, EERFEHICHNDI T oA IS uy (0<u; <1) 251X, eyl
B2 2o MET 1—vu THD, FEAT YV 2—E, 2EIOFEEESIZB T D EEK
FEOU A N, TROL uy & oy DEICES>TERSIND, EEROFEKS TR
DT xA FEFRIFHIEE LZE ZAIL, ZOETAVOHFRMERS 5,

EARTE O (AR L L O T 2REA) 13, HH5ORREIZE T 2 REKI Th



¥

AR WXFEE A Y 2 —

(B
R
i
i
i

Do BWENELLIZE X, KRB b2 T 5, a7 EOERIE, ARk
FKEAITH 5, EHPITEBOFE 2 7Y 2 — VNRE L TV AL, ThEhnz:
BT Y 2 — KT 2 AR B O SRR & 72 D, FEDIFRIT, BRSO
TNORA I EEFRSND, 1 BEEEICE T 2 EREE L2 E 02 ENnE
oo BEOB (1=0,1) &8, 2720, 0<a,Bi <1 EIET D, 728, JFEH
O A MIERT D, UERETLVOMETH D,

3. EELTH

BREEDIAR OZIE, BRI B A, FIPEE Z2BRGT DN EE S b
DET D, —J7, WRNOZILIE, 2RIOFEEEZOM, SE V5 0 B E%R D%
1 B EANCEE 520D LT 5, BENEDLRV (KETHD) Had, Z0 2
D DERBEZEICOWT, ERRETANL FHISNOELRICLERFER TV a— V%

#1587,

# 1. BREZA(CEEINCLERTFE ATV a—b

B EERIREFH ATV a—)L RN T A AR

7 0 Bt 51 B
LEE fliF SL fFE IL (1= Bo) — oy (1 — ag)By < 0
LTE i IL e IL (1 —Bo) —ay (1 —ag)Bo >0
AR TH] FFE IL FIFE IL il
THACH R SL i IL Ji

PE:OIL LG, SL RS ap 155 0 BXRE IL 2h. By 1455 0 XM SL AN,
ay (35 1 B IL 2h,

K1 TETHIZES DN, WITNOEEWIZZERFHAT Y 2— /BT,
EFEEIIIHERFEOT = A MR, BT 00 1 OE LI 28V EThD, ET /v
DIGEE LT, 005 1 ORIOEEDOFMIR T =4 RRFINTWDHIZHED LT,
Thd, SHIT, ELMICLZERFE AV 2—/Wd, fiFsteE (RREEO Y «
A FR30THD) OBRITHPERTE EERFEOY A M1 THD) %179
“bang-bang” fHllfHl (uy = 0,u; = 1), F7/oIFAJELE LU TRHFEESTE 2175 “fat” fHili#
(Up=1Lu; =1) O2EY LNdHY 2720,



B L7254, bang-bang il & flat HlAEHIOWT LA L E & 72D D)
I, RS EHEEFEOYE oy, By BE ap IEKGFET D, £1HORELNSH
HN7RE DT, ag D/NSVIEE, F72 By & o BREWVWIZLE., bang-bang HillfHIN (L
MNCEEIRFEH AT Y 2 — VZ7e D AMHeEN EV, ZAuUE>E 0 | AR ok
hERAMEL | AEERHA O TR L OB OEIRFEE RN & HICEWGETH
Do —Ji. BENET B2 013, HARMOZ(LOLAIE flat IS, HANOZELD
%3 1% bang-bang HlEIZN, FENRIZED O TR LE L 12 D,

4. FATHIZR L D

FATHFZEO I, RS20 2BOFERSEZE LD b H 5 (Enquist et al.
2007; Borenstein et al. 2008; Aoki 2010), L2 L., ZAL5HDJEATHFIETIL, 5B CEA
FEHOR, FFAEFEHOLBHNLNLE LTEBY, FEAF Y a— b — ikt
RS BDIZIROND, BRI, Flifett 2= OB ITHPEARTE 23T D “critical
social learning” (Enquist et al. 2007) <> “social-learner-explorer” (Borenstein et al. 2008; Aoki
2010) BF I THDH, ZINHDFEHAF Y a—/id, AR TTH SIS bang-bang il ]
IZXS LTS, DFY | AT CTIRE L L TIREINIEFEH AT Vo —/Vin, A
DETIVINHHENCZERFE A P2 — L ThY H D2 ENRINT-DOTH S,

IMZ T, KFROET VI LOFATIIED BE LT A ORIZIL, BAEMENFRD b
%o B 21X BRED RN TR T 256 LI L E 7278 A & ¥ 2 — /1% bang-bang
HECH D, —H. FTATHIEIC LU, social-learner-explorer 322 S 72 BRBE Cift
BT D 7-IZid, Mt B % ORI EAR T E NS T L 2 T R 6720

(Aoki2010), L2bBAERDBE S, TORRE LTE S OEMDBERT & BER TR
AR T AVEN DD, ZD2OOMAERETH L., BRESEANT (FFH
M E 721X Z=2MRI) 2475 Z & 23, bang-bang HlHIN LT H7-DICEHETHDH Z L
DTID

5. BbYiC

AERTHT & B lc E N E Ul LEERFE A ER T2 FE AT Y 2 — (BRI
bang-bang HilfH) OHBLE, FEERE O . EEREREZRFO, EROIEX, 2
DEIRFB ATV 2 — N7 LTERENUIEE X IZ< 0B TH D, & MO
LU S 55, & FOXULIET AERMEA R EE DD (Tomasello 1999)
& ZADKFEOMEHNTIX, bang-bang THIEINNET 2 72 O DFAFD HEGHFRTH D Z
EERLTWD, £70, A DR Y TiE, I V3T (Biesmeijer & Seeley 2005) X°
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F /XY — (van Schaik FME) Z 31025 < DAY bang-bang HEHNTITWVNA Y 20—

JVICHI> THEE L TWARREEN H 5D, 72 51X, bang-bang filfHl7e Xi3dH < £ THEME
m&im®z£*#;ﬁ%¢ bk EZOMDOEHDIALDFENE 725 LT DHIRA
7B RN L, FEAT Y 2= LSNZH D DD E LIy,

51 FSTHR
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Evolutionarily stable learning schedules

Kenichi Aoki
Graduate School of Science, the University of Tokyo

Abstract: Individual learning (e.g., trial-and-error) and social learning (e.g., imitation) are
alternative ways of acquiring and expressing the appropriate phenotype in an environment. The
optimal choice between using individual learning and/or social learning may be dictated by the
life-stage or age of an organism.  Of special interest is a learning schedule in which social
learning precedes individual learning, because such a schedule is apparently a necessary condition
for cumulative culture. Assuming two obligatory learning stages per discrete generation, we
obtain the evolutionarily stable learning schedules for the three situations where the environment
is constant, fluctuates between generations, or fluctuates within generations. During each
learning stage, we assume that an organism may target the optimal phenotype in the current
environment by individual learning, and/or the mature phenotype of the previous generation by
oblique social learning.  In the absence of exogenous costs to learning, the evolutionarily stable
learning schedules are predicted to be either pure social learning followed by pure individual
learning (“bang-bang” control) or pure individual learning at both stages (“flat” control).
Moreover, we find for each situation that the evolutionarily stable learning schedule is also the one
that optimizes the learned phenotype at equilibrium. (Cited in full from: Aoki K, Wakano JY, &
Lehmann L (2012) Evolutionarily stable learning schedules and cumulative culture in discrete

generation models. Theoretical Population Biology, in press.)
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1. IXC®HIC

NI %3 60 TR LOBRBEA~ & 43z L] LT < AR 3HE5E & /3 D b ik
LTh D, FHIOWMNT o Z MYLHTER T Z LR GAE. n(x,t) 25T x | HFfH
t COMEREEEREE L L. DAL ROT 2 LU T ORSIEE 7V TEALT 5 Z &2
Hik2,

2

Z—:zDZTZ+(e—un)n (1)
ZITC, AAE1EIZT A LMMERT, B2HIIR VAT 4 vy JHEOETH Y, D 1%
PEBAREL, e ITNAYERIEAR, p IIBRRCTH 5, Z ORI Fisher 7 /1 & I
., OAIROIIKHENR ¢ = 2VeD THZ N5, T7bb, TOEMICE >THL
WERBR D 1 SUTARA LT235E . Bl L 0HIC K> TEDO AR A LR LTV E | Do,
ZDWREEN—TEDE k-T2 FHITL TN Z ENRH BTN D  (cf. Shigesada &
Kawasaki 1997), Z 0 X 9 7e385H & 53 HUZ K 2 S0 PERIZZE [ O BB NS AW D 4y ok
FUCKRESHELZIT L ENTREIND, FER RBEOEEMHIZONTIEL, JHHRER
BESE. $b b, RN e(x + L) = e(x) —TDZEMEHTELT DHEITONT
(%, 70 & AR O RPN 0 LLT (Je(x)dx <0) TH-TH L BREL, o,
e(x) >0 OFEENHHEMEL D RKREWVOTHIVUX, RADFIHE CHOAMIBILRI KD =
EDREFTUV S (Shigesada et al. 1986)

ZZTZDX I BEINYERET VE S BIIEE L T M OSARIER OB Z I 50T
LE9o L, LUFTIE (1) 2O Fisher 7 V&SI OMLOET /IR L, 7
O, BRIROEEMNFZEHES I OO T 0 A5 2 BB LT, (2) BREORE
PEZAEAER O ITEANT 7217 Tl < | iFERE~OBE) & f1LAA A TETT VA AT
L. ZNBDHABIEROEEIZE D L HITET H0EH LN L, &b, B) 4
BOOMEREEEOEE D EIRMIRE LS ROEERHEENZEAL, ZORREHALNIZL
726



2. RERETICRITFEERNOEL

FEBENOEILET L E LT, ERFEE S TEEDNOR D INERET VT X
ST, ZERIN—FER G5 T LOBREEA~ DM BHLR DSl Z B W T O I, fERE A
DHERFSND Z EDVREN TS (Wakanoetal. 2011), 2T, & B ICZE N BB BB
THOHEEITHOWT, TORBLHHZ, 22T, ZZROBREMHIIK 1 IR T X oI —
EOM L CTRUBRENME S, 18 L ZEICRR-TREICRD LT 5, bbb, [H
CBRBENEHND Z &3 e 5,

‘1|z|3|‘l|
s Space

1. BEBREEO/NZ—> . i L TR CEREENHS 2, [F CRELZRMAO b o33z,

X;(x,t) ZERETY i(i=1,2,---,n) CTIELWTEIZIDAERFEEDEE, Y(x,t) %
EOBRETHIE LW TN ORIV B EHE OBE, Z(x, t) ZEETHEORE LT
LHE. FRHORFMAIER 2 THx b5,

ox; Xi + ¢i(0)Z 0°X;

9t = T(XT + Y)A-l-—N - (mN + S(l - (l)l(X)))Xl +D 9x2 (Za)
(l = 1\ 2\ > n)

Yy Y+ A 0%y

== . — (2b)

o r(Xy +Y)A N (mN+S)Y+D6x2

O ez N+ 2400 (o)

Fr r (m c) o2

XT:X1+“.+XTL‘ N:XT+Y+Z\

b (x) = {1 (x in type-i environment)
7710 (x in other type environment)

T 2T IR A ITEEEE R m AR, s IR o TR E D a R b,
c [HMEFEFEO R N D IXEERE TH D, K2 IXEETEH O 2 X FOMERENE
¢ =0.08,0.16,0.4 OYHEDOHAIERKORT-Th b, 72, fHEHKI I 21— a3 VI
WEZEDOMDRT A =2 DX r=1, s=05 m=1, A=0.001 ThH?,
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2(@) 1% ¢ =0.08 ODHFAETIR RIS ARFEEOHM L0 Sl ERTEE
DOHAIED D, K 2((b) D ¢ =0.16 OEEIIFEEF=EFH OSBRI T O HEETH
FEWFEDE THAMBIIER LTV D, UL EORR XN ka8 & BRisa—#k L
TWAN, K2 @ c=0.4 OEAIXEMB—R2GE LR X2 0) &RkICH
EFEB OSSR TEREE IR . HAD T &R,

3%, Fix D ¢ OIS 2 OMABIEROFEEEZ O TR LEKIZLIEZL D TH S,
X ClE—ERZEM DA DYERRFE 2 R CTHE LT D, FREITIE LW TEIOF S8 3
FEEITIE LS 2V MTEIOMREE, HAERFEE2HR T, M3 LY., BERET
TIE—RREREL F & T, RFEEN R SN T VW E N R D,

>

woE o N

fEAFEHDO= A b ¢
3. fEAEFE XN ¢ 1Tk DA ICHE .

3. SAAIRILRER B RIS T E BRI A~ OB BRI R

IHEBRE~OBEN 2 B AT T ESERE T MIBIAZ N4 2 Z &I &
ST @) DEINEETE, BIHEHE u OKRE SROMIIEROFEE I K E < 5
g7 = L3y oyo 7= (Kawasaki et al. 2012)

on b 0*n  d(u(x)n)
ot  0x2 0x

+ (e(x) — un)n ®)

FHREICHW IR e(x) EBMOEE u(x) OV T 7 2K 4 T, iRz 55
T2 DI TlLd 503 step BE A V=,

10



FUREREE TICBIT 5 b N OSFIER O K S iie v

£(x)
—el
u(x
[l U-A l__(_z_ ————— r—
| | | |
I | | |
| | | |
| | | |
L : ! ! X
x4 5 0 X6 X XXy xb X3
I | | |
| | | |
| | | |
_J S IS I S N SO RN
L2 L14'
()

X 4. BIOEE u (ZxHd Do Ami .

INARIBHER D% — 2 %X 5™ T, X 5 (a) (TAFEBREE~DOBFEAN & D5 E Clhf s
B CIIBM O T OB &< 720 | BB O AEGME b#HL RoTo R —
R, K5 (b) IR NG E DML AT — ThD, EHHH—ERFMI LD
I N Z — o B BB L D A TE BB AU S 2 — AT E R D BV, EEIRIET TR

(traveling periodic wave) ZHAL L TV 5, 7285, FHHEMEY I 2 L—y g ATHWE=ZD
oo /RT A—2DfElX ey =1, e,=—-05 L, =L, =D=pu=1 ThH5,

(a)
n(x,t)
08
+2t*
04 t+2t
l t+t*
t
300 310 320 330 x 340
(b)
n(x,t)
0.4
+2t*
Lt
t
300 310 320 330 . 340

X 5. Stk sz —r. @ u=1 ®) u=0.

FFEERBE~ DRI DATHLIOE N JAFTRRIT 6 L0 BTHn D, BREES—hk7R

11



Bt ey =1 CIHMRAEWINCIHERRENH Y . ZN~#FE5ISNbE LT, u 2K&EL<T
AUTIEREE 1 Z—FHENT NS < 72D, — . BEN—FETRWEGS te, <1 O EEITIE,
BRSNS ONITBTGERE OB CTH D03, K& 25 L BskE e, &
KT IO ZRT, ZIUIERAIZIIRD X ) I S5, BESEn T o4
DEHCCIR A T EER B CHIE L 7= D8 ) OARBEERBE~PEH L T, BEI AR 72k
DI, HHEERREASOBIRRHIUL, ThE2HLIRBERWIEDDHZ L2775, fide
L TR RERBFENATREL 700 | BENKEL 2D, —F, BIHENFIZKE /2
HE . ASEIIBOFEERE~DOGEE LD D Z L1232 | &RE L TONIBIERERE
BINELTHZ LITRhDBEEZBND,

Flo, HHEBRBEA~OBIOBF L LT, REEN LD KREWE X, BIAET
IXOAPERDEL Z H72WGAE THRBIRS H DRER X 72D EARBNIERT 5 Z &2
bIFond, RERBRODGEEZTRTHLOTHD,

X 6. BIROEE u (29 2 Ak R,

4. EEHESOEE

EMODIIERITEEL 52 56D L LT, EEEENORNB Z bid, Rk
J£77 (population pressure) (%, Morisita (1954) 37 U UKD /58528 H> 5 87 5 /M2 i 5
T, O KRE IOMEREEE FEORMNBEHIC 725 Z & Th5H, ZiL% Shigesada (1980)
(IO REAUTEA U, TEBERES BB Hef3 2 & LT, Morisita (1954) DFEERT —
Za X <FHT 52 LR LT, ZOREREEES I ORRZ BEREE NI 50 AmEdn
KRICE % 2 5082 PRI TAI, fEd. MR 713 —AREREE TIREINII AL
REEEZRELS T DI R gmote, —h, BERE T ClIAFHERE~OBIR 1
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FUREREE TICBIT 5 b N OSFIER O K S iie v

BIEZLIUTETHRVD, B H D &R0 RERRNH Y | EEREEE R %
722> T DABHIREENRE <705 Z EBHALNTR T, ZHUIBIGHERK
TTIVOYEBEEIZ BN T, BR[BG2I TEALNTEY | 4
BT~ DTN B SE T O N =D ZHMEEHEEIIC L > T Y RE
W ETp o THMEREEZ RES LTbDEEEZ BND,

5. BbYiZ

FOSHERE T T Lo T, BREOFEMCUERE~OBIR., BIEEE 172 &, fix
BNRDH LRSS DOOAIERIZ G- 2 DA BR L TE e, £ 2 THRLARRITX
T TN =)V NDOBELHUS A~ O NDOSAIBILR 2 BT 5 ECTHERHEAEZ 525
LD THDHEEbNS, 2T, ZOXIBRIREELKICERET VIZE T, A
DEATBILR IR T TN B =V N & DRZIFRINEDIRN D E D IpEH BN LT
EY AN

12OOT AT TIIRT T NAHE—)LEV BT ZAOREEENZ D7 5 N eYEEcE T v
OERE LTE, WM& OFEEIELBEEROZL LTEATLZETHDH, W
MNIEOEEERAZRELE L CRIAL TS & LT, FEENEICE DR HERDE
W EN D, ATFERORE SOMERDO LS S, FIFAEMREDE Y, KR H DV IER
& E O T AEERBEOWADEN R E | FIHEROE DR DRHA D, ZD X5 BFIHE
JROE DE ISR ZE LD ERO—2 LB X, KIERET LV TRBREIZEE L &
V2ETLHHLDOTHD,

1 21 MacArthur (1972) (2 X > CEA SN HEREFRMHAETET VEEATHH O
Thd, T TIHHAGROEEZ /T A—H x TRTELT, % x T LTEFOF
FHFHER R(x) "5 E LT, £FHZE @ TR u,(x) TTOERZFATS &
LT, BFons&REL [ROu(x)dx &5, ZOXHICTHE 2FITERFAEE
LCHWIBS L EHEET L E LTEe MRV T T OBERTT ANEHIND,
ZOBMRERT T NE =N EY T AORFENCHEA LT, REBBIOEHEEZH 5
IZT DRI ORITDTETHLHY . SHRORERYRFEND,

5| A SCHR
Kawasaki K, & Shigesada N (1997) Biological Invasions: Theory and Practice. Oxford University
Press.

Kawasaki K, Asano K, & Shigesada N (2012) Impact of directed movement on invasive spread in

periodic patchy environments. Bulletin of Mathematical Biology (in press).
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Shigesada N, Kawasaki K, & Teramoto E (1986) Traveling periodic waves in heterogeneous
environments. Theoretical Population Biology 30, 143-160.
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Reaction-diffusion model for range expansion of modern humans

in a heterogeneous environment

Kohkichi Kawasaki

Faculty of Culture and Information Science, Doshisha University

Abstract: In the context of the range expansion of modern humans, we consider (1) the evolution
of learning abilities in heterogeneous environment, (2) the effects of advection toward favorable
environment on speed of range expansion, and (3) the effect of population pressure. We obtain
the following results. (1) Individual learners can survive only at the front of range expansion of
social learners in heterogeneous environment, just as in uniform environment. Furthermore, we
can see that individual learners can easily survive in the heterogeneous environment. (2)
Advection toward favorable environment decreases the speed of range expansion in uniform
environment. But in heterogeneous environment, small advection increases the speed of range
expansion and large advection decreases it.  (3) Population pressure is formulated by assuming
that the diffusion coefficient in a reaction-diffusion model is an increasing function of population
density. We can see that population pressure has a large effect on the speed of range expansion

under the existence of advection.
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BIFUCEIC X AW I1ATEN & X314 MTEID
ZBEFATFTIT R

FHEFRK—BR
PN NS i R e

0. M=

b FOHEEFTIRT HET NV E LT, ZAM2EIRT — L5179 7' LA Y—DHEHZH
%o ZITHETLAY—IE ROLX D ITHIRAZ RS« HCOFGIMEN & ZIZ XD &
MR B OITEN AR L (fE78) | #2812 & 2132 8IRk% L0 4fte (FRR
), iUt —FEOFHMEGFROMERFE TIEH L OO0, FFIIFE o s L
TOIMEDI, BT ORI IFTHRZDO L IME K EWIRETH D, Z DA D
WAREE DX A I 7 A%, VY r—2—REXo—bs LTET /UL T 5, FilziE
DIEDFRNE Z . OB L OMIKOBEEIRED ., & IR LETHDH, ZDLH7%
T AN ZERENC A L, 7 — AR E TR TN A 5A1C, 2HRIEDO EH 5
IMBRL &L 72 503 . ROSHEROTRERIC 31T 6 Sl TR O Bilim &2 O Tl T, 2 OffF
Fea 2RI AL 7 — DS L5 A, RS RITAUE, FEEER R TEINAE Y 9 5
ZEWRgmoTn, FIMEEN 2T Z O X 9 RBIGUIR NN EnD . ZEIR~D
[FFAIE. EFIREOFIGFEZIRT S 2 bR Z 5 Z ki Z /et Rg S vz,

1.

[

B OITE AT D T L, AHHSIZBW TR AL FEHATH Y | X

Ltz XA DI & bTa> TS, HRFEITIW T, ATE) A 2372 & 24 60% DM
(T bbZEIR) TR SN & & 178 A % 60%LL E O TR d At 35k
Z . [FmEE MRS, [FFMsEI L OB =R CERICBIE SN TR Y . ZOB(bER
IZOWTE, f2FEZOL DD E GDOE T, Fib% < ORI 22H5
(Henrich & Boyd 1998; Kameda & Nakanishi 2002; Wakano & Aoki 2007; Nakahashi 2007;
Nakahashi et al. #F&),

Afa T, BEREIZH ORI L~V X OEIEEE AW S 7 LA Y —0EM %25
8295, A Y —IIRABEDFRIRHZSINT 57— AHPRBUCED LTV D ERET 5,
TF—=ADBELNAFEINNSNE & LAY —ITACOTE R THE) L, £+
g OATEV AR (x5 E) T2 LIET D, ZD L&, ZEIRICFEGTT DRI E
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TOMENTE ST, BIEBHEED X A F I 7 A ED K 5 BREENFET 20 %15,

ABFZET, FEHEME OEALDOBITE TR <, Bl &5 e BRREZ 3 222V T
ED LD IATEINEIRS N D I ETRATAITETH Do At TIEL 7225~  HERRREAN I E]
L, RONIHROBEWET D, NEFBLOAT Y =7 MIWT T, ABFIEDRKS
ROV HH N E, BRICE LD,

2. BTN EINRER

21 EARRESEE . ZOMENT

TRTCOT LAY —NE—DZ N2 — L% T LA LTWHIEREMEZE X 5,
T LAY —ORCERBIIZ 2T, 7 LA Y —IZA COFEMEN & E (2, i ofTE 2
Bifld o (%) EEX D, ZoRR, BHITIZE O DG 1 OB u 13280 T 5.
BARPIZIE, 7 LA P —DOBUEORIEN p O & &, BARHHTZD wp) OMEE THET
BEATH Wp) IFHFARADBRE), o0& &, K 1 280 DRI, S o IR
% Tuw) EWIHBRTHL EIRETD (T0)=0,7()=1, X1ZH),

Prob. of learning strategy 1
s

0 02 04 06 08 1
Freq. of strategy 1 ()

1. FEFAZEITEERE Tw). M TORLEOIE Tw=ut+D1-wuu-1) T, EED=1, HfED=0
DG

TUINRRE] Ar R OB DAL,
w DZALE) =— (BE 1 Z2FFD, D otta 78 U7 EIRED)
+ (22BN X - THZICHE 1 20815 U 7B IARBERE)
ThHoHNb,
u(t+At)—u(t) =—(v,AHu + Atfviu +v,(1—u) T (u)
0. BIEOBESY A FI 7
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% =Fu), F)=vulT@u)-1]+v,(1-u)T(u)
w135, 1220 v =w(p,w)) (FTHEE i OFERTHY | p,u) 1 THBE i OFGFTH-TH
—LREIC L > TIREDEETH D, &<IC, Tw=uDL X

-l v,
L0 CHUTESER £ =—y, OLEOLT Y r—x—hERE 8T 5,

g 2 OREEREE w*=0) &, HlE 1 OFEEREE W*=1) ORTLERMFX. Thth
F'(0)<0 & F'(D)<0 Th D, FF=ENR RV (Tu)=u) (21X, 2D DLERME
FItG pu) 2 6@EOHIETHESNS ESS &L —8HT 5, Lo, T0)RT'(1) D
EAS 1 L V/hSnE EiE, R ESRMFITEE O ESS &£IFE LV i< 725,

FlIaEL. BEEREZ LS TS, 2O X H L TEE LT 2 DOAnRHE
ZEMRNTDIRNTE L & ELLMMBALE R D THA I D, T A Y —IdT U X DTBAE (i
BRd) 5L L, =P BI3RFIITbhS 35 L, kDX D 722 1 kot
DR T V515D,

gu:daax—zqurF(u) (t=20,x€R) (RD)
Flu) DNE—ORLENET TS u=u* % b OMNLERTH D & X, FEH/2EDIE T,
Z DI DRI T R TR

u(x,t)=U(x—-vt), U(+0)=0, U(-»0)=1
IR T2 Z E DN & T 5 (Fife & McLeod 1979), 972 b, #IHIIZIUVT, 22/
DA THENE 1, A0 CHERE 2 DMEZAD & & | O THEMNTHRES 1137220 . AR 2
0 &0 ZOFERI—EOHE TBET L L1020 (BET 23 b)) 22
THATIE DI X, 7R HERIE 1 238 2 (R AT 200, ZOHAKEZ 5 00NE,

sen(v) = [ F(u)du (Vel)
IR TRE D, FEEPIED L& BRIK 1 2325/ — L DG L 72 5,
22 AT —IA~DISH
HEHK 1 210 (B w) . B 2 23k (B 1) &&5 x5, NS —ATIE W
TSI D 7 LA Y—IE, 2 A b ¢ ZAMTH L TRET D, T XTOHREIT R %

ENFE Re (=) BZRT LA Y —NFEITIET 5, Lo THISEEIE. p ) =m—c 5
KO p,)y=ru £720 | FTAFFHIIG CTALRTEHRE v(p)=exp(-p) LETDH L
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v, =exp(—ru+c)=Cexp(—ru)
Vv, =exp(—ru)

C=e">1
E15%, 2T CUE VAT—AENIZHIOa A S THY | IRUMFE Cle I3 1#H

FIEH BT ART FfEIV NS WD), C ST E3E2I4T73 5, U EOET V%
AIEIOREFITIGHT 5 &
u=0 (RENHKW)) PLE & C>T'(0)
u=l (BENW)) BLE & C<U/T'()
THDHZENDND, [FFHENRNE E, T'(0)=T"(1) = 1 2O TH IR EEI IR 22 E
TH DN, FFUREN IO 2 2 MZH_THITIUE, B EERRRENZENLT D,
S OROENTOTD, Lk, [RFmERER OB %
T(w)=u+D(1—u)u(Cu—1), 0<D<I1
ERET D, T'O0)=T'N)=1-D 25, ZBWELETHHT=ODFME

1-D<C<

L7025 (ERIOARERITFIZR 0 122),

F(u) = exp(—ru)O(u)

O@u) =u(l-u)[2D(C -Du’> + DB —-C)u+1-C - D]
EEL L OW) 1FARBEEDT, 2D EE =0 & u=1 ORENIRLELNER AR u*
N2 HET D (K25/), W/ SNLETHLOIE, B R M/

X< C<$ BTt L & T D, FHIAEEMENIC X > B0 22 FAERIZ N

S<Th, BRI RBBIZ A TIEL S AU W (RGBS WY 2 & &oR
FTENTE D, FINLOMRIE, AU ~ORERHR r LITEBERTH D,

O()

(7}
0 u' 1

B 2. VR u=0,u=1 &, NLZEPNEHR u=u*.
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23 ZERJOE AT —AA~DILH

NIRRT I S, ”‘;’Z%if_)%wﬂﬁ’] AT 5541, 7 /UiE RD)AT
Kb, FerNBIED DO, FFEITROME TH D, r=0 DL &, (Vel) i

-1
J, =[0G ~60(C—1)(10-D)

L0, T7ebBRIE, FEHIPRIENH I PRIEITRA LT  FEdiEf TR ZINOR T 5,
— XD r AZOWTHEFRIIFEET, MRIFKD X H 1225,

EFTr>00LXE, =0DE % BRI (Ve)UTETH D, ©F 0 I RREISIER /)
WHEIRA SIVT, aNCIT =N £ 72D, ZO%A OB FEMARZ, X3
W~ L7,
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X

X 3. (RD)XDEAEFEAER. W18 OERNIER 178 DERIDMREA L TV D, FElEE TR ATER S N,
FEANA - T ERE THATND. LS WISEEiige, FToSRUE (=100 (2B 5T D
JiRkEH 5. d=1,¢=0.1,r=10,D=1.

W2 r<0 DL XL, r DIEICE > T (Ve)ROFZIIZLL D D, E<IT r—>—0oD
& & FEWINZ u=1 IED Fu) 720 TR OENRIET D DT, EBEDATRD C, D (7=
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ELC<—) ISR LT [ Fudu >0 T b,
1-D 0

r<0 O & x| HRIE 1 2 ATEN L FESOIEH IR TIEewy, ZoTENE, T2 2 b ¢

(>0) ZHho TMFOFIEE TIF5174) THY ., A3 MTEITH D, — kIS 2 1%, ]
H LRV Th D, AN, MTENT, 72& 20132V v EARKIGE: IR 6D &
T, ZEDTENE T2 Z LI Ko THESHHEFONE (BIEEFET)) 20 BOoRELY
HLEIBITFTFLZ LIk T MRE LTHPTHHLE D LT 28I TH D (Iwasa et al.
1998), =22 U U PEARIKIGENL., YR U v ATk BiMitEZ2 R > TR . BOE-T-
HCHOE LD Z &3y (FAEO A NETNA O3 E75), Ll
MH, RETIVCEIT S r<0 OGEOEETENL, 2 A N&ih 9 kic, BCOFE b
OFF LRI LT sS85, ShiEaRx Mafh->THLEEED ., ZOEIALE LD
1TEN & 72 o TG, 2D X 5 RIEGERAATEN, [FIFHRESFAE L2 WIGAITIE, TRLT
EE L2y (25T H ESS TRV,

3. B

3.1 [FfRfsE

ARETIL, ARG U CHAFEEIT ) 7 LA Y—OEHEZBR LT, AR L &

(A RN LAY | OB EEIIIATON D73 bIE, RORHINE
GEIGE) = — (GEE¥EER

LEL LT Y e p— IR BT B T & AR L, MR B R B
DT, = IS — A OFEAMER OB T % 7 A & MRz [F CIRE %45 = &
EEWT S, UL, (S EICRTHEEOERN/AS L. RORHENL 2 SOBERT
RELEDY 9%, 1o8I1F. F—2OFEATINIIBNOTITLE TRVEEIREE (Rl
WS B, FROSIIC LD RE L /2B m L Th B, 20T TOX KL
FERIREEIL. 72 & 2 ZRN T — ADOFIETIIN BIFE % SN L 5 A IR A M
boTh, b —HD (RHM) FHAREIC LN TELLSTWEARH D 2 & Th o,
L AT B B L X IE, FEA TR ARG A BT 5 EMIIRA L, £
SRICIEE S 2 LAVTE B, ARTIE, 2SS — 5% T OFIECHAT LISHER, 1
TATENIIRE SN ENHALNE o7~ T, GEREN) A5 MTEIRNIAED 5
HZ wRLUTZ,

FFEEE T, ARV TR BN B TH 5 2B 2 FITT UL,
Z 2101 EFOSEIRIEZE LWVTEIZ LTV D | &0 9 BEROBUSREE L TS, &
5T, AEFECB W CEEIROITENCFET 2 2 L ix. BIESEED 24 F 3 7 A2k L
T FIUFERE BT Ao S IR L Bs, L UERICIE. AR TR L

20



FITHRIEIC & 5 W 17 T8) & 254 MTBOZER A F 3 7 2

L9, FGEE (BDWNIRICIL, BAKHESE) 2347 28Tk, BL®
AR TR OIEEAMEE S 5 TTREMED B 5 D Th 5.,

32 FRREZEIISULDFETHEZES >

[FFHMEREIISU LD RFTE (ZEMPEENE) 21ED & —RICE X DILTWD R, KRR
Rz, BER d CUBRROTER S & IR TE %) REFHEAV D BAEUTE
< &b, — T OSULDEREENIIM ST ZBEE T 5 &\ D fad i3l i b, A CriEis
L7223, Wakano (2012) 1%, @i —KoLZEMET A721T Tl 2 20ERNR 2721372
BETALBLELTEBY, ZOHAIZITEMOREEEMRWG AL, U —H{bEF1c
FENENDBIZER OALMFRHERE CTH D, HHeZEMET /WZBUV T, Wakano et al.
(2011) 2T L9, 2WIeZEM T 2 OFE W EERIC X - ToRnn T\ 55
A2, ENENOEEIZB W TEA OSUEB TR L 2D, Lo TARROMEENG, [FFH
BRI SULDJRFMEZES e Eidfa T v, e LA, [AFHMBES T TIXRPEMENHE
Fra s LIRS fEimT & &2 5,

33 REBI~DELE

AR Tl FTHBREOIFAEZBE L, HEOFEMEWE S IhF 282 L, 0%
BORDEAT 217802 B b T2 L 5 b7 l{E OERE2 5 2 7o, BA{bo7=9,
(EARFE H DIFAEEUE LTV, 5 1E0WbIE, T £ Do TSIV, 9
FLWDRL 2o BT BAHE RIBl L CHRARICEDE S, HOTEZRWA] T
HbD, ZOXDREMEEZT-ERITIE, 70 ABRENEZE L COTIE LU TEINZ(L L
ROWNGRICBNTSH, RO L) T EHEOERIZIBO T, AIAEERZ &S
DD DENIFDHEREN DTz, S BICHEERZEDIUT, ERTHE I L DEMDFEEY
%, 72 & 2 ZOEREEZEOREN VD TH->TH, EFIOSYEAPERIZE > TEXhH T
BHERERZ R T 2R L TV, RINCHE > TRI—DA#RE O Dkt -7
FIE =T, ZD X D IR E 2 RN TN 27280, TSRS (RET 1,
{EMFOHRI2 5T, IEGERINTEIOHBLE BE L WO BIBDREELZ L R L TN D)
ZolERZ L, P EZ U ZAAOLERO—K L Ip o ToDt LIV,

BE
AIFFROFEMNL, FEAAREIEZ ZD T, LLFO@mLUCE LD BTN D,
Joe Yuichiro Wakano (2012) Spatiotemporal dynamics of cooperation and spite behavior by

conformist transmission. Communications on Pure and Applied Analysis 11, 375-386.
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Spatial dynamics of costly spite and cooperation by conformist transmission

Joe Yuichiro Wakano

Meiji University, Graduate School of Advanced Mathematical Science

Abstract: In this paper, I propose a model describing the dynamics of human society. Then I show
that classic theorems on traveling wave solutions in a reaction diffusion equation can be readily
applied and obtain some mathematical results. My model considers a human society where people
play a two-strategy multi-player game. The key concepts are 1) payoff-dependent update rule of
strategy and 2) social learning with conformism. Because of conformism, the system can be
bistable and my primary concern is whether one global majority appears or not when multiple
societies that initially have different local majorities are spatially connected. ~ Applying the result of
this general framework to a public goods game example, I show that cooperation is less likely

maintained by conformism and that the spread of irrational spite behavior can occur.
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1. B=E

ANOEfE (FEZ 77 4) 1TAEMOEICHEELEZ 50 THY | Fttao3tb
DT B EET D D> TV D, HIZ, BUAENBROEERFEHGE) OBAITIT, B
2 X BBEEIME AR B R T o 7= ATREM: b BRI ZEIC L v s SN Tn b, ko
12, b FNOFEENEEMRZ AT -OI2E, b N OIEEBRCEMIBR O 2m 5 =
CIIIEHEICEHECTH D, FITHAIE, 7 AT —ZDOLERITIC LY . EEEMDOE
HEZR R 2 LT B 720 DO IEEHENI T D 2 & 2 HIICHIZE 2D TN D, BREERE, &
Rab—va UBRIZE D . SIECBEDH T & B L TBI D ) < O OFEEHENT I
DINF—U PEEINTZ L3S LTV 5, ZOREREZITIC, AMEEIXET —F 2 H
WCTES T 7 4 BT NVEMET D HEELRF Lc, 5%, KORBLRET VEAmEET
HZERHEELTWD,

2. %

il

BUAE B GBT ) 232 U R EE 2R B RB ) 2 A5 LA T2 & 5 VT LT,
B2 BRI PIEATND EBZBID, BT oN5D1E, #rANLLaI 6 O NFETE
kDO FZTH D, FANED ORI LT NJEIXES. @M TR L%, Kbk s
WO ELDEZHEATS, EOIEEMR LITHADTFEHENRHLDITE > ETHRL, A
LS OB ST D X D 7S8R N N E 2R D IERT 2 OIXFEARFRETH S L b
b, ST, AUFFHE 288 CTRHBEE LTHWDDIEF, SINERT T H—LA
(IBAN) 2T EERITEZICHHDONENH 2L THD, BADEEENCEL T
HERF 2 LOFL TR END TH DD, B E L THOND AdsDEERIERELNRZ L
W EEEZDLHE, FNFEOFEHENTI L > TR e EHERIND, £To, i
WMOEHGERREAIEDELDOTHY | RDHEXAERRRENED L2~ L BE)
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LTWeEBbhd Zeb b, mUWMTEIEICEE 12 H > TR T D TIHR N &
EROND, MEAIZ, BTNTSHEZERR2 a2z L, B O 9 HITRSH DR
CHBET LI LN TEL, £ I TORERRMWIE, Z2E8ATZTRE D &) 7206E
EEATE MO NBEIZTE oD n) 2L THhD, mERFEE ZELS
L2 EiE, UK AUy MEMD TRTAY » MUIFET D, £ 95 TRITHE, &)
WTEZ D X9 RS EEIR A B> TV I3 Th 5, ABFEEE (BO1) TiE, mER%
BRI T D720 DSM 2GRN E & T 2 L ICFEIRZEWN TR A ED TV 5,

FEIIIRE < T TRERSE L4385 O 2 FEPMAHET 5, ERTEIIERN T
MG LTI FETH Y | UTERAR OGO E R LI 5D ThH D, 13 A EDEMIL,
AR FITHRRC L > TITEI L TRV | ERFEZIT-o T\ D, — . 78 1M
(KD B DI L > TN D, FEEFHRENIEATFE RS D@y MER DS FLE L
RN EIITEE LR E B X BN TV D, ERRIEOORETIIERTHA T 0 7%
WRBTHh D, FINT, BUFT o) & bl U, iRy &t B3 T BkOR
FTeRe 1B A LTS DD, IBAIZE S TE572D7EA 50y HA & DOEVIE
BFEBZH D00, HRFEHIZHL0N, ThEBRFITH LD, ThEMD ETH
FERe OB 2 BRI RRGE ST 2 Z ENEE S R D,

FHERIIEC DB 2B 2 HERIRGEL S HE L 70 D, i EORESARR 8 DIk
PUT. FEENDPEET D70DRM EBET D00 W, G2 bNIZIRIUCENT
FEMENDECT D7 OITIT MU ED L D REIFNBUEL IR D70, & 5 W o T EIR T,
WO NDERA D Z LITIERICEE L 0D, FRHZ, FTADRED L BWVOEMHY A
ZXebb, EOSLVOEE TR L, ZHEAEHR T2 E ED L S ITRE S Dre
WO ZEERMD I L, FEENEOMEMIE ETHYARRERE D, £ TESL
X, 7 LEHRE T, BTADODMILRERAZ BT 5 2 L 2 HA L L TEZ D
T&ET,

T D DNA FENTHAR OTREER 0T, WRIED v N7 DEERIET — & DOEM
%ZA[HE & L7= (The International HapMap Consortiium 2007), & ~%7/ AZkEVET — #1357
J DO E L TEHETHY . 7/ AU A NEEMENTIC L - TRREAICEET 5
BIa T2 FET HDOIIEH 4T %  (Hardy & Singleton 2009; Hindorff et al. 2009;
Manolio et al. 2009; Wellcome Trust Case Control Consortium 2007), £7=. 7/ LZHMET
—HITEoT, ZNETIZRWEEOEMER IS IRE L I o7z, BRIZZ < DN
EHIZIRBWTT ) AEARMERAT M T4, ERIOITHEGRCAE G 22 8058 69272
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> TW5% (The HUGO PanAsian SNP Consortium 2009; Jakobsson et al. 2008; Li et al. 2008;
Novembre et al. 2008), & LT, 7/ ALERMEGHREZ VT, BEDO/IERIRN, 21
A R7p o @O TN 2 T D2 b 2 ST % (Gutenkunst et al. 2009;
Hey 2005; Marth etal. 2004), L2>L7236, ZO X572 NO8fE (FE7 77 1) OFF
ERTIE, BT NERTA—HERE LI ET, T A—XDEET — X ZHESN Tk
W 2B B 572 | HIRHY DI D] 2 AW - Bl 72 £ 7 /L LML Tuveuy,
% < DEMIZB T HBHERERIEBORR A E T 2 X 9 Tz L A A I TR
VY,

WRI2 7 ) DERRMET — % 2 T, 2RO NS DN Ok BIURCE
72 EH RENTMDT-0OIIE, BHERET NV ORE Z B L LIV RbtBHRIT 02 ot
RERERKTE  (Bryant & Moulton 2004; Purcell et al. 2007; Saitou & Nei 1987) . FEik 07047
(PCA) (Patterson et al. 2006; Price et al. 2006) . 27 7 AZfEMT (79 A A2 b k)
(Alexander et al. 2009; Pritchard et al. 2000; Tang et al. 2005) 72 ENAHFHTH D, Ll
NH, T OREEHRT DR RZ MR L T, LRIORE 218042 2 L ITH TR
WV, EWVNDDE . TS ORI ORERITHEIFRIR T —T 4 T 7 7 ML o TED LR
HZENHDLINETHD, Bz, EHFELORMN S > T-56. R OSSR
DB, R AR —I2 b 2% 5.2 % (Ruiz-Linares 1994), PCA [Z8BWTIL, £
FRBEEZ L TWD LIFIRS T FRHCEIRITTO ER Gt F 7R T —7 1 7
77 NMBIE SIS Z S STV S (Francois et al. 2010; Novembre & Stephens
2008)

WEAEBEDHE T, 7 DB CHEH SN O HE T IC OV T, I Ba—2 Y
Tab—=vay&T, MatFWRT =7 4 777 MONRF =V iR EH0ICToH L L
HITIRIR D T IEA G LT R A R Uiz, SOMATICE YD . Zh b ORI B EEE
DTET T 7 LITONWTORARH DRERFOND Z LMD >TnD, AT,
EBT —Z AR5 Z & TRONIZT 'S T 7 4 1B 2 HRIC DWW TRRA T
S

3. FHiE

AWF5EClE, The Hugo Pan-Asian SNP Consortium (The HUGO Pan-Asian SNP Consortium
2009) \CkDV = AT =22, ZOT =X, AR, A, 7L
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=T VAR A RRYT . T ey BiE PE @E, BRI
K2 IR RS Sl 3 D ERO ML, [EEE HapMap 5B CHW STV 54 (YRI, CEU,
CHB,IPT) BEOT AU WIHAER., AT X7 NOMIKIZIST 2K 5 J7 D—HiHE%M

(SNP) DY = /) ZA TR EENTUVD, Fig. 112 The Hugo Pan-Asian SNP Consortium (Z
K D Sz X % 48#7 5 (The HUGO Pan-Asian SNP Consortium 2009) , £E[H
[ZBET 2L Z O E SR E 7oV, PCALEL, 1) 2% (A7 7 VEERLS) &%t
1T, & 51T 2) Asia-Pacific £, 3) Asiatic #2511 L T, Eigensoft 3.0 Z H\\Tf7-
7= (Patterson et al. 2006) , F£ 7=, Asia-Pacific 2£[HI{Z YRI & CEU /2 T, AHAENT IS
KT T RABRNT 24T > T2, SRHFEMT IS SplitsTree4 % FIV>C  (Huson and Bryant 2006) .
Nei D/ NEARFERE% FL1C L 7= neighbor-joining (NJ) 5 (Saitou & Nei 1987) B LY
neighbor-net (NN) 7% (Bryant & Moulton 2004) Z1T> 72, 7 7 A X fEHTIZ13 ADMIXTURE
Z 7z (Alexander et al. 2009) , BARF)ZLfEHT OFNAIZ OWTIE, FEREFLRLE L HIT
Y

4. FRLBZ

Hugo Pan-Asian SNP Consortium (Z J 253 fgai S 72X (Fig. 1) OLAMNTR L TH
L FHMMHT, T U A ZOEHIMEREL VIE ST b D TH D, Dl EHIHD
PR E H HBRER LTIV D bo 0, LHOERIERZFT SO TITARWN T LIE
B3N, — . AR L TH D7 T AAENTOFE R, AL ORI L A48
FERZ 2 ECIIAEHTH LM, EHADSIEGRRIZ OV TOFRITRI 20, £2T
T2 TR, ZAEMICEBIT DM EN O 43I L ONRIM OMFEE T T LT D72 D5
HEaEZE 2T,

M AW TIT 272 PCAIZBWTPCL L PC2 D7y b (Fig.2A) &#Bb L. T
ZUH, FeayN TUTERTEHEPBIE S, AV FREFST Ny FAL A
TNNIREWNT PTHEME I3 —n v MEMOBOIRMEN TH D Z E0VREND, &5
IZPC3 Z AT DL, —HDmaERT UTHEM, 9 —FHE2A TR TELIO L—¥F
BE74VEORTZY N (WbhwwbA—ANTuA R) LT 50BN (Fig. 2B),
IHIZPCS 1L, 7 AV MEREERTHIE 22> T (Fig. 20), 2EMNHA K -
g—n v 3% E ORMB A B2 WEEM Z i L T Asia-Pacific 25 & L, S H1(C
Asia-Pacific M/ H A TR T, AV KRV T, wL—31 T, 74 U OEMEZRN
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72 b D% Asiatic J£H & L CEFK L. FE PCA 217-7= (Fig.2D-H), 15 OENTIZES
WTh, AT DEFRRE ORIl 2R U, BIMERRZ ORICEKE SN TWD 2

ERDND, IHIZ, AUSREEOSELFETHENIT. AWV IEIZ T ey S
HZELMERTER (Fig.2G), LML s, HERE LTI L0 Bk, &k
SORITHE EOT—T 4 77 7 P EENEDL LD T ETH D, HIZIR,
Asia-Pacific 22T PCA 123517 % PC3 (Fig. 2E) <° Asiatic ££HT?D PC2 (Fig. 2G) 72
ETIE, ZNEIPCL 2P0 Tofe A2 L D 73 — U BB STz, S BIT, Asiatic 5
[ToPC3 (Fig.2H) I, PCl L& bic7my 9 5&, 200N ALNTZ, =
UL, V2 b= a B TURAE Z b o 728 H[# T O migration ZGE L7z &
TNAONDET—T 47727 FERIUTH-TZ, Asiatic ££H T PC3 (Fig. 2H) (ZFW»
TiE, NFRIZTERCT R Ok Sl 4 28EH b 2 b b, Ziud, L ORI
RE LT L EIXHhONL T = L XU TWD, ZN6DRIE TET T 74 %
WRTDBICSBICR DD, PCAMNSEPEMNCTES 77 4 BT VERGT D 2 L3
Ly,

3k U 7= Asia-Pacific 2252 HapMap @ YRI & CEU # %2 T, SAFEHFENT 2 TR
FEMT 24T > T R % Fig. 3 W d, WEEEL DO DY | Neighbor-net 1% V72 Rk
T, RIMOFEE LTx Yy MROEDPBIE SN DD, BHOEN L  EHERED T
D, FORNES TII7e N ENHRTEND,

ADMIXTURE % W\ 7 7 A 2 fifhfr OfE R % Fig. 4 1”3, 2 2Tl LR O
k Z0E LI2EIs, SEENZNE N OMIER ) O BIREE ZZ TN TV D EE
PRIITND, DFV . BHEOMEEKIZZ S OMIERORIMER & U THRIRE
%o Flo. NETHMIEMOI k=9 & L72HED, ZNENOMIEMDOBREFRZD
HIPRAY AL, Fig. SA D L 91272572, S HIZ, ADMIXTURE TiL, £ EN DM ELE
MICEIT 54 SNP OF U VBHENHEE S D720, TN E AW R 2Hi< 2 L n T
&% (Fig. 5B), Neighbor-net {Z & 2 &ffptr O R, AHIEERIIZ W T H IR OIEBT
BT Ry MEENRA LN, T2 T, S BICHERE (taxa) OEER S L RS &
WCHDHZ LT, MRy MBELZ R L TREIRT % 2 & 237272 (Fig. 6).

—HHHR T > MEIEIT 4 SOSBHEOB DRI SN D UATE TSNS (Fig
TA) . ZHIUE, 4 SOFEFEOM O BB IRMIZ KA FENE LT EXIZAEL DN, £D
IBIMOIFENT Z OFERN BT —EIZED D Z LIXTE 2R, BlxIE, Fig 6A IZABND
v MEEIE, Fig IBIORLIEET VDX IR ATRE TH D, LIon-> T, —Fzl
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4 OO D A Z — kL il EIRIMIZ DWW TOD/RT A—Z ZHEE L TWE RN D,
O EOTONFEREOEE L LT 2 & T, EIICHEHERT TS 77 4 25T 5
ZENHRRIZA D b s,

BEETIX, D URHIV 2T €77 7 4 v 7 BT NERIT LIZICT &2 08, Fig 8A
DEIBRETNVERELTCAT Ly FIal—valrafTH) 2 T, EF—HIC
£ B RIIRNT OFER L [AERD bR r U— L Ry MEEE S o IR T 5 2 & %
7 L7z (Fig. 8A), 514, S LITHER /T A —Z DWEZEVIRT Z & T, 7IV7ITE
FETETTT 4 HTEERTH LN TE D MRS NS,

LUFICAMIFE TG L2 T €7 T 7« OFEEEIEO FIEZEFL T,

1) PCA T &> CTRENRENESEZTET 5,

2) ADMIXTURE 72 ED 7 T A2 gt FIH L T, IR OBRERZHETETHZ &
T, EHOHAER LTI LN TE S, 22T, BUEORERIT, IR O MR A
& HIRT,

3) ENENOMIAEMITIT 54 SNP O T U /VEAEE OHEEAE) D . Neighbor-net SRAEAE
ZHE<

4) BHEZR R > MEEDBIZE SN DAL, AWVITEW 4 D08ERHTID L, FRESRAT
BIZfi< 2 LTy MEEEL DR LRN BRI L, 4l L IRIMIZOWTD/RT A—4
EHEE LTV,

5) WHEREE D LT OMER LN D, NT A= HEE AR KT 2 L TEEOMIEMD
TEST T 4 HHBET D,

6) BREINALIEEM DR A E 25 Z L1k V| BIEOREMOT €7 T 7 ¢ £ THE
ETE D,

KR — 7 VIR EBESNDES DT ) LT 7 7 a P —0RREIZLD, A% ET
FTRKREDYT ) LT —FNEHEIN TN Z STV ORI E, &7 ) ho—/r
AERNTTET T 7 4 #HEET D12 D ORI/ bitEA, TR O ER %
W=HFZE S 52TV % (Gronau et al. 2011; Li & Durbin 2011) . AHFZEIL. L8k « £
EHDT ) AT =2 NTHEHRT TS 77 4 ZHET 00T EE 525 H DT
HbH, FEERETIEH LN, AL - T, Dl EiRNE < ViRTZ & TT o7 0tk
MRS TELLZ E RIS, £25 BARB LOXULRE~OBE 2 & A
BUTHL D IR L T 27 B1E, v bz e L, vkt x R s 2 &
272 oleinb Ll 514, TET T 7 4 IZOWTEHMR/NT A—2{EEELITH & &
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Figure 3. ZAfAHARHT. Neighbor-joining R (A) &5 & U Neighbor-net Zifitst.
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Figure 5. V25 R5#H1 (k = 9) DALEKRICHITHECERDOHIBM DM ERHRER. HIBRS A (A).
BHAEERDELGERIE. TNEZ<EDOEFADREHHVIEEEDAFIZEDI(FT=. Neighbor-net (245
ittt (B).
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Figure 6. 75X AfEHT (k=9) DECERDRMBER. 255 (taxa) DEZEHS L THIL V= Neighbor-net &
#iE (A-D). £ TOHEEEFZ FALVTHAL V= Neighbor-net R4 (E) .
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Divergence and admixture among human populations:

reconstruction of the demographic model from genome diversity

Ryosuke Kimura
Transdisciplinary Research Organization for Subtropical and Island Studies,

University of the Ryukyus

Abstract: Demographic history has a crucial influence not only on the evolution of organisms but
also on the social and cultural evolutions. In addition, theoretical studies have suggested that the
changes of environments by migrations are essential for the acquirement of learning ability in
modern humans. Therefore, for further knowledge of the evolution of human learning, it is very
important to elucidate the history of human range expansion and demography. My current work
is to establish a method for the reconstruction of the complicated history of multiple populations
by utilizing multivariate statistical analyses. In the report of last year, I showed by a simulation
study that the results of multivariate analyses exhibit certain patterns specific to given
demographic models. Here I discuss how to reconstruct the demographic models from real data.

However, further improvements will be needed to reconstruct better models.
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[ZOUWT, ENRAMIZ U TR & 72 5 DS BRI RGT ST & 7o, £ b O
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R HMERIL. FETATEOOEROMFINFEEBH D), T e biE RO
WO RTHY, JIEMEERTE, BREIMFERTFEHICEYT 5, HIZ, Z< O TILE
RFEERETH L0 L LTUTIRRIC L 25k 8 2, a8 2RETTLH0DE L
THE OITE ORI A TRE L CE 7z, & L TRmIIciE, EREI132 < O/MEZ T
WAHAEME LTOIARRREE I TH Y | #F R IIMME D DA E R L L 72T
BT KVRBHMBICEERENZLEL T 5 LW BT, d bRl B3 ERE
KO BRICBG LI EX LTS,

NG 2FHEOFEEIIOIARNERXT 4 v Ko T, < O TIIERTEE
WZIZ—ED T A SN DDIZXT L, AASFEIZIZZ A MRIZEAEDPLLRNT &
O, ARFETIILEERVBENECD Z 2B L TV D, EPDMERTEEZ2 LT
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7o UIEME D3 53 2 St 2 Mt LT & 7= (e.g., Borenstein et al. 2008; Kameda &
Nakanishi 2002; Wakano et al. 2004) , % < OWFFE23 i@ U CHERG T 2 fc b RS & 13,
IRFFAIFY « ZEMIRVEBREEA B Ch D, BREENEH) L2 UL, EERFEHIIESIR TH L6
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o T, Zb 2FHADEARFEHENIFR SN D RETH D,

Z 2 TAMIZETIE, 2EEOMKRTERE I Z XL TRIEL, b Lt EEET)
EDMDBRE Y B ADFEFET —F 2 W TRFETT 5 2 L 2810 TiRA D,

2. Hik

FEERIL, AWRE RFALSRI R EZRIFIE o ¥ —DEMFERE Tz, FEBRSnE
I TACHRE RO 1A T, ERSINE 7 — IV ORGEE DN G T X KTEINT
B84 T D, Ht vy a illd 1~5 NAOSMEDBFRFHZSINLT205, EARRITAR TR
IHEANFERTH Y | ZIFILBAEVTHMOSINE OITEN Z 5 Z LILTERVWE D IT7
> TV,

AT, EREIZEER, ERBNMFEIEFICESL L. TOBREROTAZZIT T,
FERTIX, ZIFITN L DO BEIZEE LTI AT, BRI, Al&ErEZ2HE
TOHMETHD OS] & vy Yy 78] 2170, RICEBEE I 2 ET 5[5
HOWRE] 21TV, SV TEITERRBE N ZHET 2 e R ABE] 217V, EIE
BRENZIET D720 D R TTE] 21TV, RRICEMAIZEZ LT, #E 1000
M2z iy | SR HIRH Lz,
<ObidE > FEDEHFICB W CANEMEZ HIE T D iREOZRE] & STV D Maier
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(1945) ([ZEASWTHER LTZ, ZME IR 1 248 R 8, —ARKOO L 55720123y
ILEH XV, ELWEES HiEE 3 ETHE Lz, Z 2 CTOANEME L 1T, HAER
B (BHDHLODIED 5 b, $FED L DT NEMLEN TS & ORENIENE

{BENCL LK 2B 2 L) 2T A2 Thb, BT, RUTF E2ARKORERE & 13RO
VT, BIBEEE L COBISH DT TRY 71275, EWIHHDThDH, RIEFDIE
figds (0, 1,2, 318) ZE@AEs L,

X1. ObEDOER

<y YZEE> b, BRELHEZACB O CAREE AT T AREONRER L Sh
TV 5 Dunker (1945) (ZHEASWTERR L=, 2EIL,. v Y7 FZW-siEno~
T, EEE, L7 R— R BEE L THWD) Z2FERENOZITRY, v Y 7 2R [EH
ETHEICEH RSN, TNVTHR— RIHO EICEREIZNLT, £2Zicny V7 52T
ITLTEETARLERb ST, Z2TlE. ~ v FE2L2TENLLH LT, 7/?ﬁ%ﬂw
JAR—=FRIZEEL, £2Iuu Y7 2FEL0REMTHL, Z2TH, v~ v THER
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DR LI HIRICHND ZENRA VR THD, UV T BN THI EITRIIL
T2 E D FIRIIT A TIThd o (W) 2tEsis Lz,
<HEOHIRE > 2T, MEORE O L D&M BN ERET HON B TIERL,
B 1 ATIIHRT72nb 0%, ENRNTNDLEZAZRLZ EICL > THRITS LD
2R E DD ERET HONRHENTH D, EDT- D, HEOHRITEH LG DA RAT,
SNEIL, £T 3052640, B4 1 NTRHEICID AT, 1ZEAEITRT 0o
Too WIT, FEBREDENCTODEEZ AL LTRE, 0% S 5 —EREICERY A
72 2 BICHEOEZFRT T2 D), FETMT 5 E TORR AR E Lz,
<v URAFE > BATERREE OREITIE, v R A LW RO XXV E VW,
ZHE A BRIBEOT 0y 7 5 —ED THAGHOEDL ZE T, BKLLTHLHIE
EEOVHT EWVWHI RNV TH D, AENT, HEHEHEARMES LT, 5EnTa vy 7 %
ZENTWND & ZAIZHMERED R ATE ST D & W) RiflEZE 2 AW (K2 28),
it < ETITD Do T K Z 2 THH L, 20l (B ZeBEEHs L,

X 2. orRAREED 1/H

<FRERETIARE > ARFZEO T A TIZAR VA, SRR ZHIET 5OV, £
AU, Rl e AR AEIZIN T, RRIERE /IO A ZED GBS A RTREME A 2 2 K
2=/ 5O THDH, MREHREZ 7 VT THETITh -] () &, 2V 7T
5 ETICOL o CHEE RIS RES L LT,
<EHRERA> ORI T, A2 FANCE > TN E 9 D a Rl L7,
PRS2 FRENVED B DKk~ RTE A ST,
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(TR DORILR, BUEES) L IZIEDBHRD & 225, BHiAE ) & BATHRAGE S & DEIZITEIMR
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72, THZ R L TWERATERREE ) & OMBIT & Ao hviehoTz,

& 1. 1TEEERROHEBE
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> THED)

+ p < .10, *x p < .05, wkk o p <001,

4. B
AWETEIE, A&, FUTERAEE ). M ONEHEE I ORI ED X 9 B3R H 5 DnE,

HOTHRE YT U RAENRIZEREZITO) ZETHOLONZTHZ EAHME LTV,
FORER, AT CIE UfEERSE & U TRV T 2 0o 7-AEM: & s TeE R RE
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ZEFob, £, AR TIHERIONEEE LT, 1~2 FEORE DD 4%
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Measuring multiple learning abilities in Homo sapiens

Nobuyuki Takahashi
Graduate School of Letters and Center for Experimental Research in Social Sciences, Hokkaido

University

Abstract: In theoretical studies, individual learning and social learning have been regarded as
alternative ways of acquiring the appropriate behavior. Although social learning is usually
represented by imitation, there are at least two major abilities that are considered to represent
individual learning — creativity and trial-and-error. However, there has been no empirical study
that has investigated the relationship among the three learning abilities. The current study is the
first attempt to examine the relationship by conducting a laboratory experiment using Homo
sapiens as subjects. The results suggested that the relationship between creativity and
trial-and-error is negative, although they are usually both considered to be aspects of individual
learning.  The results also suggested that there is no trade-off between individual learning and
social learning since no ability is negatively related to imitation. Finally, only creativity is
positively related to imitation, which partly supports a new theoretical argument that a
combination of social learning and individual learning is most adaptive under certain fluctuating

environments (e.g., Aoki, 2010).
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ASRRE BFZEIE A BO1 2011 AE S AT 22 s

BARANT 7 HHFICHRE S ERA
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WS AR
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1. HFE

BN (Homo sapiens) 37T 7V i, SN (H. neanderthalensis) OO BIIZiE &
L T2—F T KEEICOMILRK LT EFE X BN TWD, OBl E LT, AB17
FEEENDOFEIL D ETHONFENGH (RNMH web-page) TH D, ITH. 7 T /L4
— VAT =V T NS RADS 7 MBSO T, A S5 K5Iz
7o

BN & RADAESRIZRFE N DOEDH I OWT, 7/ ARSI &0 B 57
W25 Z EIIFHERDTH A 9 Dy,

HRADS 7 5 DNAIZIE, BAEZLDT= DI, ALHEMI L > CREIEEHRN AT L 2
ERHBNTWS, 2D, IR EOHILERRO K ) IR RIS L L
LTh, TNEZDOEEERANEZ TN E ZITHREL TV 7 ARSI & B 7ed 2 &
ITTERN, EWI R D S,

—J7. BMRAZEM DS 7 ZEdFIHIz, dRAESR, & L <IEEMRAHIEEE D & —REH]
fREBE S NV CW B O DEER RIS 5 Z kv b7ebaniz, B2 6505

CLF, &R AHRNT B2 A7) DIFETHZ LRI L D a sz, (e, T
Tag A7) LITOEB 0 OHERSE VD ERRCTLLNHWS,)

dRAHRANT T & A T X RO LD R EAT 5,

(1) BURANFORFED S ) AFERELY 2 BN g U7 BRI, AR Mo~
n AT LU TE LSBTV D, D WARRIOMOBR AT 1 & 1 7L S
FEDZEL S EWRRIZE L, OB B & ORI THAMZ i 232 L72< 8l
FEIZEST=EEZ LD,

(2) BIRAEMF ORI SARKM AT BRI, 77V X0 2—F T IZRD -
TW5d,

IHOORHIIC IV, RIS T 7 U 1 B— il CITBARE#EchH v . BURADHT
7 U WPt%E, 22— 7 THRA L O/PEIRRRIICE Y . BIRAEHFTIC b6 Shis
RO DT 24 T L GEm St TE T,

BARAFROERANHRANT T & A TR L~V TE LN 72 I, ABFERRC K D
FEEHAO e 2 BT D BT,
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Fio, TRAHRNT B Z A TFORTHERADENE KE S ERo>TWDH DI TIER
WEBZ BILDH, LRI B ERANHRO ATREME MG ST & 7o a # A 7RSI,
BN OFEFRIES) & HEEFAPE N E L SBEL TV A 72010, BRSIER SN TE20 0
M, D=, BEOERABERANT v & 14 TESIEHABKES DS B TH, &
& (coalescent) WFfEIASEZIIREV Y, 7006, WASIFE LD/ L7 REFEI HV, BlA &
BERDHIENTED, Lo T, RMANSHRNEIHEMN CIHRERIC IV AE U7
FEEH A N3 < WITRIMEHRARNE AN TES L7201 M an e 32 %
ZLEMTED,

L7eh3o T, BEEERRARCRA T v 2 A TR EE T & ETHRE L Tz s
J LEHNZENEWIRET 5 2 &N TE D,

F T, FHII IS OB AN T B X A THRERANDT ) DESIHEE I TN
DEFZ, MR - BRET LT

2. Hk

2.1 ESIRVEEREIROWEE

v b XD AEERAEY DR ) AOESNE, FER « RFNENOYEARO ] THLA
Mz 2k L CTEET 5, T07H, A DRI b2 RU T DNA O X 5 (2~
OEFNORLIREZONE D723 OFFHE L TlA Z LT TER, L LR, YR
VR 2 DSEB L = DL L O TRWVEMIA B 5 Z EBEI I, Ytk EORED
SERC TR, TR LT E RN O LY OB E L TBEIE LT 2 EMEE TE 5 5E0
bb, TDX D RBGAESR AT (LD) &V, @EIEROZERIMERE L THET %
BTN ICHETET D,

—J7. BERIDO AT 1 2 A 7120, FEERE T DNA BIAIEGEEICS L0 2 2 R 3y
STWRFNDL, BN TWDOED b B D, TDID, NT A THIOIL S (3 LD 8
WD X O TR RRIL 72 < L RO LNTWDIGAELE, £o7eb L, BT
A A FHEZHICER T2 2 Lk, A TOS ) MEREOHEE IR\ T, M8 2Tk
DORERESEIR AN /2 E 2 572 L TV A IGAIC, B eiam 28 < fERiEn & 5,

T, AWETIE, BB v 2 A ThEi s LD ik D5 ) LEE EOBEIZ-D
v "C HapMap (The International HapMap 3 Consortium 2010) 7 — 4 % FV N Taff-<7= (Shimada
& Kanahashi 2011), HapMap &3 OMRFER72 1 1 HER (KRR 2o\ T, #h e
AL 100 ANHIEE TS Ao SNP -+ AT 2R ES 2 L o | EFRILEE 7 v 2 =
7 R THY | MERERITGLOHRR T, A Z—Fy MU TARSL TV D,
HapMap OfFATIZ L0 7/ LBUET LD S HEE R KOARB S i, AWFETUL T O X
IR LT,
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RN spicis Shic i RANBRNT B 2 A 7

HapMap LD 7 —# & HAR A (PT) & 33— v % 4EM (CEU) 2OV T, HapMap
7"Z o (Thorisson et al. 2005) X ¥  AHFFEIZGE L= 3— 9 T 5., “Release #27 merged
II+111, Feb 2009, on NCBI B36 and dbSNP b126” ZEIN L, DO L H X v a— K LT,

AWFFETIZBERI OO T 1 & A 7 A % L U T 7 [~ 324 50 kb LANIZ & 5 SNP
DIBADEIZONWTLD T —X 2 X 7 a— KL, ZOHPHD P TRO S A 73 5%
FEoOfEkz LD fak L Ex Lz, T7ebb, 27/ AEKO 5 Kk LUV Kinti
ZIUZ, ZODREEET 5 SNP (As, Bs [SHI]) . (A3, B3 [3HI]) DX 5 IZHFH4 DD SNP 23
b5 L LI-%E. SNPAs-SNPA; ], SNPBs- SNPB; fiil, SNPAs-SNP B; [, 35 TSNP
Bs- SNP A; [IDAFHUAIZIBWTET A2 2N 08 A ETH D Z & A= 2 &,

21 AT ) T—va vy ORE

BRI AT 1 A TR DUNEE O LD sk E B D & 5 sl OV T, UCSC 7/ A
77 7Y (Kentetal. 2002) Zi U T, IRD X577 /) T —va AFRETUS Lz, 370D
B, FHY - PRHERHEE TIEH  (OMIM genes, OMIM phenotype) . B{s B IS X
WNEIa &7 /L (UCSC genes, RefSeq genes, Ensembl Genes) ., mRNA - &5{&F#H (H-InvDB,
Spliced EST, Alt-Splicing) . #ffifEEkIF#H (CpG Island, ENCODE Enhancer- and
Promoter-Associated Histone Mark, Transcription Factor ChIP-seq, First Exon & Promoter
Prediction, Open Chromatin, Conserved Transcription Factor Binding Sites, UCSF Brain DNA
Methylation,) . Ft#z” 7 AfE#H (Vertebrate Multiz Alignment & Conservation) ., 7 7 /L4
—)WT =T « 7 L (Human/Chimp Coding Non-synonymous, Selective Sweep,
Neandertal / Denisova Sequenced regions) ., ZE5¥%{&# (dbSNP build130, RepeatMaker) %%,

3. R

3.1 LD {EiE

# 113 LD fEgER R OMECTH D, F 1+ “Region Code” & 13 4 DfEdk 2 X5
512 DIEEIMEEINIDIT RO TH D | SEROYERTET N RRE £ HEIE
L4 Lz, RIUL, “Haplotype” EIXZivE TOWMEOH T, HIUAHRKDOAHE
PEDEE R ST B X A TOLFRTH D, F 1+, “Region Code” 7% “nh” ThEE HHH
I ClE “Haplotype” 23ZEMRIZ 72> TWDDIL, FaEORT T NE—/)VT ) MMEGHIZ LD
TR IR T T VA — )V SERECY T D (Greenetal. 2010) 72, FEIHTL <
NT B AT T LIRS STV W=D Th B, 3 1 D “Haplotype Region”
%, BEROGRCH CER SN2, N7 B XA THEROBMGR LT RO ) LERER LY
ZOMOEIEER L, AWHTO input #57CTh D, ZruxfL, £ 1H “LDRegion” X
AKIFHTD output &N D REF G THY . EREORITE -7 LD s LT S A7
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W& F DT — 4 Z i L7 HapMap 2EFThH 5, S 512, “Region to be inspected” |3 “Haplotype
Region” & “LDRegion” ZEHERGDOETMHKTHY | HikDT ) LT )T — a &l
it T N P QAN

PERDERANHERANT 1 & A THEUTRT L, LD 2 EEDIT 22 L2k~ T, 181
ToNT LA TR SEONT 0 H A THERL VRSN, oF 0, EBEER (1
B “Span”) 2MA< 7272 (1 : Xpll _hX, MCPHI, nh9, nh10-1, nh10-2, nh10-3, nh20-1) ,
ZD 5 H AT NT 7 Z A TR LD I GERI I =S NDRETh o7 (R
1:“Strict”= “+7), F7o  AFFEOERIC LY R Sh7z LD fElk I 55.2 kb (Xpl1_hX)
235 197.3kb (nh10-2) Tholz (1), HTRAHRNT B Z A 7L L THLNTUVH
BIIFBRT VA > LoD 2 OEE ChH o TonT a4 TR0 DL D GA,
i S7e LD fEI I DAL TV e T m Z A THEIE O 5 £, Xpl1_hX (10.1 kb haplotype
—~552kbLD). #J3 % MCPH1 (24.5kb haplotype —73.3kbLD) (272538 -7=,

F1 HRABRANT B2 AT (5hf) fElds SO LD BEl

Haplotype Region™ Condition® LD Region" Region to be inspected”
Rgg:;” h;‘;'g Chr  Start Oni End Ori  Span(bp) Sirict Mid Populaton Start LD  End LD  Span(bp) Start End Ref’
Xp11_hX_ hX X 50583087 50593170 10083 + +  CEU 50566211 50621379 55168 650566211 50621379 |[a]
17q2linv. H2 | 17 40799205 42204344 1405040 - - 0 40799295 42204344 [b]
MCPH1 D 8§ 6276000 6300500 24500 + +  JPT 6257501 6330007 73316 6257501 6330907 [c]
RRMZP4 AB X 143219154 143221495 2341 - - 0 143219154 143221495 [g]
dysa4  BO0 X 32139960 32147883  7.923 0 32139960 32147.883 [f]
nhi-1 1 168110000 168.220000 110,000 0 168110000 168220000 [g]
nh1-2 1 223760000 223910000 150,000 0 223760000 223910000 [g]
nh4-1 4 171180000 171280000 100000 - - 0 171180000 171280000 [g]
nh5-1 5 28950000 29070000 120000 -  +  JPT 28913797 20056374 142577 28913797 29070000 [g]
nhé-1 6 66160000 66260000 100000 - - 0 66160000 66260000 [g)
nh9 9 32940000 33040000 100000 + + CEU 32928217 33067914 139,697 32928217 33067914 [q]
nh10-1 10 4820000 4920000 100000 - -  JPT 4842860 4922085 79216 4820000 4920000 [q]
nh10-2 10 38,000,000 38160000 160000 - +  JPT 38002384 38199702 197,318 38000000 38199702 [q]
nh10-3 10 69,630,000 69740000 110000 - +  JPT 69642706 69760269 117,563 69,630,000 69,760,269 [g]
nh15-1 15 45250000 45350000 100000 - - 0 45250000 45350000 [q)
nh17-1 17 35500000 35600000 100,000 - - 0 35500000 35600000 [g]
nh20-1 20 20030000 20,140,000 110000 + +  JPT  20023.996 20146163 122167 20023996 20,146,163 [g]
nh22-1 22 30690000 30820000 130000 - - CEU 30,679,063 30,793,875 114812 30,690,000 30,820,000 |[q]

1) NCBI Build 36/ hg18
2) Strict condition: LD region covers the entire region of haplotype, Mild condition: LD region overlaps partially (<20kb) with the haplotype region.

3) [a] Shimada ef al. (2007), [b] Zody et al. (2008), Donnelly et al. (2010), Stefansson et al. (2005), Hardy et al. (2005), [c] Lari ef al. (2010), Evans et al. (2008,
2005), [e] Cox et al. (2008), Garrigan et al. (20058) , Hammer ef al_ (2004), [f] Yotova ef al_ (2011, 2007), Labuda et al_(2000), Zietkiewicz ef al. (2003, 1997), [g]
Green et al. (2010)
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1 : UCSC Genome Browser (2 5, Xpll hX fHlkA & A7 LD 6D ) LT )T — 3.
Xpll hX S EO BV TR S, ZOHOIRVEIRIT re-sequencing DFED Gap 23K L T
W5,

32 AT )T—va GRE
ABFFEIZ X0 LD kA 2% U CHRE U7-fEk G, 18 fElk ., 16 sk sl 2
G /T2 (RRM2P4 & nh5-1 Z RN - 25EhR) .
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ZDHB, D7 &b 10588 Xpll hX, MCPHI, nhl-1, nh1-2, nh4-1, nh10-2, nh10-3,
nhl15-1,nh17-1,nh22-1) &, =7 Y LIS Tdr-> Th, Promoter & %\ MJ Enhancer
ST FIVINBIER S T,

frtrieR & HWIIATENC D 5 L SN DB F AT & S s LT, 18k 5
O dH 7=, MCPHI, 17q2linv @ 2 fEIKIZANZ, Xpll hX ® SHROOM4 £ X}, nh9
@ APTX, nh17-1 ® THRA K& D07 < &b —HMB RN N T 1 & A 7| ZHgH
5 LD I E FILTWD Z EghoT-,

#) 670 NOBLHNZ e LRIz L0 . iR ANERIEf AT 2 24 7 (hX) 23 A TW
5 ENHLMNC SN TH D, Xpll hX fElEK (Shimada et al. 2007) (%, X Yeaffk |-
T GARZ OB Z T TR LT, oA (SNP) t~A 7 vy T T4 %
A (STR) & ATEAFREROF LY | BEAIIZIRITN TR 10kb ROEKTH 5,
Z D72, Xpll hX SEBICITEE TR & OBURITGAS N T I ehote, & ZAN, K
WFECdH HI-ICEFE S 72 LD EiI2I1% SHROOMS & n D7 ne—H, H1xr /2,
F1A 2 e ORfEEE ETZ & bh o7z,

SHROOM4 511X X A > M OZEM A 2 s 5 2 & ORI 4 JHE 4 2 a8
AT 5HEEZ BT D, SHROOMS DFELITHE % 7 I 55708, FPE T S 1 AE
TERRIZ BB 25 2 efz L QD Z & Th D, LT SHROOMA4 O EL A3 k51 (Stocco
dos Santos X-linked mental retardation syndrome) A< Z &IZX 0, BIHNISNT, &6
12, OMIM OEBBF#EFRICE D &, D7e< & H 1 7TOMEIZEW T, Xpll hX 25T
LD RS AS A B2 Z EAVRIB SN TV D Z EVREN T (K1 : 17 AD
ikt T v ),

4. ER

HRANHERANT 1 & A TRESN L~V TEIGT 5 2 &R TE 26X, (RHERORTE
ZEETHZ L7, HRAHEROESE L GEELT 5 2 ERFREIC /e 5, AR
7'a XA T OGN EBUCNT ) LT = B A120E, haploid BlAITH 5 Z & 27k
W HMENRD D, ERE MIRL T fEHM DT 7 LAESNE, diploid (24%) DA
WL L TR b e, BOBSI ARG DR (Tyky7L) T O 20fEFE
T B (reference Bitsl) & LTW5, BTk b7/ ADEEIL, BEOME ANHKOR
FzaO&E DI Uiz, BAERREY T 5, I, 8 A D diploid BlAE £z Xp] LT
BTN L, BN EFEGT D 2 LI WL OO TR L, AR STV D,
F 72 1000 Genomes project (The 1000 Genomes Project Consortium 2010) & FE{EL 5 T AR
DENYT 7 Mfifge 7 ey =7 SR #ITHTH 5,

FAIT WX BANZ RS2 72 SNP allele % & -OfE{A ID % dbSNP (Sherry et al. 2001) DXk
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WO L, F—EEIMENT ) MG ST D& Lz, §2 & 3 (BN
hX BlFNTRF A 72 SNP allele 2 ~7 BHEA CIRAT 5 2 & ¥brolz, & ZAD, ZiLh
DOfEAIE 1000 Genomes project (233 N TRLFIFEREN Fhi AV TVRWZ 3o Te,
D TEDOBERDEFNG S TNV, FRT —H & L, 1000 Genomes project
TOFRRIAEFIRTz, T5HE SNP T LA T —FIT—EMFAET H H DD, phase FIE S
TWRUVIRILTH D Z 3o Te, DFE D | BIR ARSI TP 545 SNP DY
E & T LB D £ £ T, 45 SNP D allele 23 2 fHAYLAIRD &6 50D FICHFET S
DIPRIESIVTVIRVREETH 72, D7D, T A TORHET S TERVRRET
HoT,

A% D 1000 Genomes project DV EAZ A L, & DFERAZ I o Tl &4 OWFFEE DB
REEATOVEND D L Bbivs,

F70. Xpll hX DIAAOFEIEIC OV T [FEIRRIC, HRAHERANT 2 & 1 T ORS % £ 3713
NRINTNET —F =2 FZRD, BIRAN & RN & DOBSNDOR D a R L, B
BEDEWNHE D 720 EE 2TV D,
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Archaic haplotype found in modern human populations

Makoto K. Shimada
Institute for Comprehensive Medical Science, Fujita Health University,

Abstract: Innate differences between the Neandertal and modern humans in learning ability are
critical to explain why modern humans replaced quickly in Eurasia after the out-of-Africa.
Although genome sequences of archaic humans such as Neandertal and Denisova have been
published, those sequences are not hona-fide sequence functioned in archaic human bodies because
of base substitution caused by chemical modification has been occurred across the ages. Modern
human populations are known to contain “ancient haplotypes” that originated from archaic humans
by hybridization. To estimate innate differences between archaic and modern humans using
features of genome sequences, haploid sequences of archaic haplotypes are required. Moreover, to
infer biological functions that linked with the ancient haplotypes, information of linkage
disequilibrium (LD) is useful. Thus, I determined LD regions surrounding the known ancient
haplotype regions. This revealed that most of LD region surrounding the known archaic haplotype
contain genic and/or regulatory regions. These also contained the regions that may associate with

neural and brain functions.
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1. IZC®IZ

NI EHERICREE) L C, FHIOBRRICHEIN CEX R ROERIL, BN 3Ubich
LEEADIEAD, Tk EIE, HBEAREED TR RN FEIERS ST - B2
- ATEN L N— N —DEEEERT, ZIITERLICL ) R BRIL, B - BRER
O HFET S (Laland & Hoppitt 2003), 72 & 2 ITHAEM CAMEICH - & bilT
WFIRT L V=, HERICEN TR UL 2RO Z LB TN D (McGrew 1992;
Whiten etal. 1999), 72 F L/ U—E W LT, NEOULOFMES - PaldEA WX
EENLHTUND, NEOUENETER SN b O THHEHIE, U R ZE R TERE L TV
< ZHITFERZRD 05 (Alvard 2003; Henrich & McElreath 2003; Hill et al. 2009) , Sk
FEOERATIE, NEOENTFEHRE NS H LB 2 51T % (Boesch & Tomasello 1998) .

ZOFEENCE > TNBREITENT- U 7o b STz &3 A CFEIGR) 1%, 7
B a8 & MEREE) LW BEWCER T2 207 akA L LTHHT LT
Too HEEFE LT, AEIROSUYIPE 2 BIEOM AR L > THHE DO b DO~ HI 5
TatEATHY  MEFMEZET H2EN - FETH S (Boyd & Richerson 1985; Henrich &
Boyd 1998; Rendell et al. 2010), L72>L. HIZMEARDO UL 2T 5123 X7 i 5E
X, o L TCUEEREEZ L7259 HOTIERY Y, HUBE AN S SR8 F 03 2 U E
ZRDHIEE, FEHFLEIMFTEERE L WD 221225, EH LI LWREASISTE
HIUEPHEFEHIZ Lo THTE6END Z L3R, T HENE 2 51T 82Kl
U CONEJRISEEN T35 &9 | B AN IRRE D PRI TRl S 70T (Rogers
1988), ZAuZxr U CEfATE &%, T8I L o TREA~#EIG L7723 ba2 A4 5 7 e
TARATHD, ERFEIT, BITHRRACIED 2 2 PR HICHED 6T, RLERREE T T
(TR L AR D Z ENTATIIFEIC L > OSSN TE 72 (Feldman et al. 1996;
AoKki et al. 2005; Enquist & Ghirlanda 2007; McElreath & Strimling 2008; Wakano et al. 2011), L
L. BTLULZHEIT HEETFE S £, UESERHE L6 T H O TRV, fERF
Bix, ENENOBRE~TIG LT SUb 2 B EHNAIZHE AT 5 Z P EESN TS E T
oD, IHEOHIFETIE, HaFE LEERTE S DTG GRS O TR, BREE
IIALETE TR R A A RIS 23 BRI 72 B 2 E VR ST D (Enquist et al. 2007; Borenstein
et al 2008; Aoki 2010; Nakahashi 2010), Z DHEEFENINHDOIULERZ 2 5 ETIIIER
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2B D, T2, ZFOFEET BN TYH, EEINDLUEZE D OITIHRIIICHK
DIVTUVRUY,

NEOSACER 5 %2 % LT, IHEOHFENER LTS ONRANAOH A XThHhD, %
[HAZSRFRIZRBWTH B U AN ERLL T2 Loxy R TIIA A A XD KE o7z
Z Do TS (Bar-Yosef 2002),, Shennan (2000)i%, A A R D/ & 7o s fEARE
DMBEEICHE L. L0 K eI EREES 2 A A HHLL Tvo 7z 2 &3, EENCA B
5 ALEREOE R TIERW EEam LT\ D, ED%, A A AR E W E SULETEN
AIREIC 72 2 & A EERIFZEANERE L C X 7= (Shennan 2001; Henrich 2004; Powell et al. 2009) ,
F /DAY A ZOHUISEATE DS BB AEDRT D & SUEEEDNEHE L < 725 & IS T
% (Premo & Kuhn 2010), U5 SV, A YA XD/ Z 7 HslfEAREE XBER L 72 S0 b 222
ST ENTERRD -T2 (Lycett & Norton 2010) . Pl SAL723UbIE, AxDEED Z L& H]
BEIC L., &6 5 UbOERZREIC LIz0vh LvZAyy Hilletal. 2009), Z D, K& 72
NAHA XD EFEZ TR LTz & W O G (NG 13X, B8 S5 b & R
IZH>TnD, L, 22 TEZXD ANANRELRINZ EDHIPHEZFE L TWDH D0, £ LT
FEDE OHIPHTI 2 b 20 A BIRANCE 2 TRy, 72 & 213 Henrich (2004)1%, N
ANDANEZE L, ZD72TH > & bEH R AR - T D AR AR S
NAHIBRECLERIET e L E 2 T D, AWVTHARMNT D N NE. —oD[E CEMH %
L TCND EEZDDONZLUIESHS, L ZAT, BEL LR NEL, thodh L Fkk
(2. M CHRE OS2 SRR 2 TRk L TN 2139 Cdb 5, Henrich 13F 9 L 7= ZEREEM
P A AREHRU S TREL RO TN EZZTNDLO0E L, 7255, HEHA X
DRE L 72U DIEE, T2 & A AV N—NIMEEIR TR DWW T2 & LTH, FIES
SEDEBVIERLS 72D L, BYYE/R E DU 27 1 %£ 5, Dunbar (1998)1%. KAMHT R L
RO SR A A FRIFRECH L, NHOLEM YA X131 100 725 200 DRI TH S £
% ETRL TS, ENLL EOEM YA XTI IREE T > 72D TIFZR2WTEA 9 D,
FIAEMY A APKRE L RAUTR 513 E, R BT B ORI | EERFEE
IZZ AR T HRICHIR S FEEOLRNEZ 5D, KEOD Lo~ ET 57259
(Olson 1965), 5V ME, Henrich D& 2 7- N A& 1%, [F UEMZFRK L TWDO TR
< EHEEOERZ GO - HIBEEFEAD NFD Z L ZFE LT D 0008 LivZely, L
L, NEREDLICLT, EFOERE-Z 128282725 Oh, BIRI7Z2E#mns
7R EZFLTUVRLY,

PLED X 57, G, NAGERENENNHA LN L TERI L e, ZORERE
BEE X AR B R AR E X BT M K > CUEEREE o5, 22T
AT HHER L, AHICRARITECH S HENMOZH Th b, ERREL23H
LE9 Z ik o2l o CHIASHERIN TS, L LI/1T 2HFIE. EAR
T, [F CEMZ R 2 FE LORICR G TWD, 72& 2 IE3F /3P —Tix
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M OBIRITERII TH D, SRR NIEE LTHLNLAR AR TSR, IFNFHE
RIETTHY  EHOPEZ R TR 2T 5 2 L IEARAIEETH D (Wrangham &
Peterson 1998) , ZAUZxt L CAFAIE, [F CEEMORERRE 21T T2 < D NH & DAL
MHARETH Y . FEMELR S HERS ADBIND, ZD K D BREMOPEA X 72585
IS DDRHN D AIBEIZ 72 S ToDDNTED TRV, 7272, RT T /AA—/L AN Ll L
kﬁ\ﬁﬁ@kﬁm&@ﬁﬁ%_L<%ﬂt$Ikxm%% 72 o TOWTZRHWSERE S
TW2% (Gamble 1999), HEHIFIZRH NEDBINAT O D2 H 126 LI EZE R DD

T o LTERAR%E 2 7 Cld7Zevy (Diamond 1997), Biftobivbint ., iy, F# Lo
H1, RFREITBNT, BARDMIBDO AL L8505, 29 LIEA L. A BD AT
= AN TACDERRIFET 2 D TIXIRNIEAS 9 0,

AR, SEHEARS SULSBFEC -2 D58 %, =Y 2 hX—ZET /L (ABM)
BREST A L CONTT A, ABM L, &= —Y = MESIE A EE AT A2 LT
R RLT y TR ZAEY LT 2B E 002 2 LI TR Y, I, NEFET
Tl f2, B 8 S I E RS THEDEA TV % (Epstein 1999; Macy
& Miller 2002; Grimm et al. 2005) .

2. EBFI)I

FEHE EICN A ADT=—Y =
v b MAEOEMZRET 5,
X LS. N NI M DL
BT L TS (NIEM
TEWOINAEEHET D),
RET N TT—T = MIKF
W23 72> THIER7INE D &
T %, 723 M EOLERILME
AR A TS (K1),

K RILTEINDHY hL
(i1, Ciy ...CigK)E, T—V =
~ i RO E EFET D,
BRI AR T % 3k
21 EEACENMAOI—STobALG, 81 o) (oL

MICEHOILBEREFL I -V MDIB A Do BL ciu=072b, 3k
MEEN. RERZRARRTEIGHhD, FHakT—Vx b iEu

5720y, 172 BHI-> T\,

63



IZLH, EO=—V = My, Ho TWAYEERHIT > ThH 5, HHjIZFTET S
T—V 2 M iIZOWTIL, cia=0@#)). cip=10b=)&T 5, 2FH, FOT—V=
Ny, EOFTRT HEMFE OSULEFRE DI EH > TN D, BREAET VTR, ffHEO7-
W, YEDOWIEK = FEHDOEM &35,

V3al—yarOT NIV ANIUTOL I bDTHD, 1) 12— b, 1
SUVBER = ZNZEIT X LR S p TLIZT 5, 2 F W ERFE BB Z b,
2) 1=—Y =2 b, 1 UBEREZZNEINT VX LR, #EEp, TO0IWZT D, 2FY
S EREZ AT D, 3) 12—V =2 baT U AGEY, TOT—V 2 MRFTET
LEMOH NS, b9~ ANDT—V 22 h T U NGRS, AIEOULERZ T 7 A
121 O, BEOR CSULEEOHIE & —E S5, OFVRIFEDERE OSULEE Z 5
it H2FE) 75, FELIOAT v 7 TlE2=—Yx )y hERSZ EITRDHR, AlH
DYIz2lb—rarTiL, ALlm—Yxy MO FEEIND L H 5, Z0%E, 1T
PEERIXB I bR NI LIC D, 4) 12—V N ET VX MR, MR x T
P 28 ~BE ST 5, U b7y 7 (1) (2) (3) (4) ZBFH=—Y = D
IR, BB TT YT Th D, Tz, RLo—Y =y "BRRR DL AT v
THEEERIINAZEHHY 95, 5) TXTOT—V =y MIDOWT, FHPH ST
L XACER ORI Tcin D (0<Z,ci,<K), BT— = FOYLEFEONEE
CHEREREEZFE L. FNENAC, DC &%, DFEV AC=33cia/ N, DC=V{Z(ZCia-
ACYNYTH D, Fo—V = MIOWT, TOFTET S LERHD 2155 2C 2 L5
R5, T2l zF=—r =2 M iOYA, ZCi = {Zcia—AC}DC THDH, ET—V x> hD
b, ZCHBE y KVEnwT—V 2 a2 T U LN, EREIUHNLISRS, A
T 7 (3) EREET, ZORAT v 7 THIAIL=—T =2 MR BREIN D WREENH D,
“ANDOIBELLN OV 2 NOYUVEFEE T X N1 OB, b O —HOx
—V )y FOXAVEZEORE L —E S5, OF VRIE GG OV ES A (A%
) 5, ZORT v (5) BEETFNDE 2 HEMBIZRRTH S, L& TH. B
Liz2x2—Y = b GARICE-TUI1I ==V =0 b)) T EM~NED, AT v 7 (3)
CIRBET, mF-F 12—V =0 LRI o T2, EBFINASRITE Z bz
WZ kT B,

A7 w7 (1) 6 (5) & T [EEVIKT, ZOvIalb—raryxOBMEEDLS
PREEFRI OREN & AT B DT, BARRICIE x &y DNED K S MEAT - THAI,
SUVDOERENRLS ELEHLMNCT 22 TH D, UbOEREE T FREE LT, A
G CIE OB A BT S, I —xr hOI b5 L b2 L EHE S
Ffor—y x> b CUEIEEEMES) OSUEEFHEMC, b9 —DIF RICHERLE, &
T— = FOSUCEZIE DN AC T %,
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3. R

IZEOIZ, ==Y = MIN=200, M M=20, SULEFEH K =20, EIRFER p,
=0.001, SH=E p,=001 £ L TONaEBliotz, “OOMNERTHLIBEIR x L&
Fﬁﬁﬁ(}luiﬁmgﬂfﬁ y IZOWT, x X0 F720 1, yidoo (OFVHELEMBIRMIZSIML
2V FF1 E L K Ky IZ0WT MC AR TIZHES TED X S ITBL L=, &
R HONT20[EI S 2 L—2 g L, ZOFEREEZ R LTIZDONK 2a ThH D, LB
BEhnds L x=10%410), 1XUDSHYbifEOSULERE MC I1TE < EMET 5728, FF
Ikl 5 E BEIORENELS 70T B2 ENGND, WolE ), HEHIMASH
BIbihbde (y=10HEAID) . UbFREO SUEEEFE MC OFFENHL 725 Z &3y
1%, T=10", 100 ZNZENDEAEITHONT, MC DRE & % 4 BT ol @S HoHTic
LoTHET 2 L. AEMER P<0.001 TMC IR E W ) IR TR S iz,

WIZRI TSRO L1, ACH T IS TED L ITEIL LTI=h, TNFNoSMc->
WT20FRV I ab—ra L, ERENCBT 2 EEEZRL TWDHDONK 2b THhD, =
D7) i‘o Tz MEFMZBEIL (x=1), 2> EMRZREN 2 f@bhéi}%ﬁ\ (y
=1) (T, SUEEFRHCIE AC DEEINEL 725 Z ER0D, T=10°DEARITONT,
AC @ji% % A Tl E BT Lo T 5 &, A %%4 P<0.001 TAC
(ZZEDTRN W D IR IR FER ST,

8 - 4 -
6 - 3 -
4 4 2 -
2 1 -
O 0 T T T

© ©
SECHCHCRCUCIC ST ST T
M2a HEETGHHRS—L) fi8hE  E2b fEeET (L) Rl
MCODF 5B (20[EFK1T) o ACOF{E (20EIFT) -

fERSE =R p. AR py. BFE M, UEEFRE K 2 EEAZ TRV I 2 b—3
VATV T=10" B L T10°1231F 5 MC. AC DIEDFIE S A= UG A2 TR LT-DAFE 1,
K2 Th5DH, RELTHLN RIS, ULFEHEOLEZTEL MC 1%, x OEIZIK ST,
MRS N 8 DI (y=1) DIEH 2, 2RV (y=w) LV H %<5, ZHUTKH LT,
—WEADALEF I AC 1F, =— V= PPEMMZBAEL x=1), M OHIKFAE &
HIE (y=1) IZBWT, oA LY &< 2D Z L3505, 127211, T=10°128\T
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IZEDOBE S AR CTHEEENH D, T=10 DL X IENRVEEEH 5, —EADIL
(VB AC NERET H120E. MC K DRV Z LV X315,

F 1. (p1, ) MC, AC\Z5-2 5%

x,y)
(1, p2) T (0, 0) (1,0) ©,1) (11D
MC 10° 36+08 43+09 58+11 58+1.1  P<0.00]
(10%, 107) 10° 53+10 52+08 7.0+14  70+14  P<0.00l

AC 10° 1302 12+04  13+03 14+0.5 P>0.1
10° 1.8+02 18407  20+05 29+05  P<0.00]
MC 100 91+£10 100+12 119+12 114+10 P<0.001
(107 107 10° 154+09 151+£10 177407 172+12  P<0.001
AC 10° 44+04 45406 47+05  49+06 P<0.05
10° 99+03 99+12 10406 108+09  P<0.005
MC 10° 100+12 105+12 127+£13 11.7+13  P<0.001
(107 107) 10° 198+04 197+£05 200+00 200+00  P<0.01
AC 10° 53+03 52406 53+06  57+09 P>0.1
10° 170+£05 168+09 174+03 182+0.7 P<0.001

2. (M, K))> MC, AC\Z5-x D52

x,y)
(m, k) T (0, 0) (1,0) (0, 1) (1, 1)
MC 100 36+08 43+09  58+11 58+11  P<0.00]
(20, 20) 10° 53+10 52+08  70+14  70+14  P<0.001

AC  10° 13402 12404 13403  14+05 P>0.1

10° 18402 18+07  20+05  29+05  P<0.001

MC 10° 31406 30+07 46+10 47+11  P<0.00l

(10, 10) 10° 31406 3309  44+10 52+15  P<0.001
AC 10° 11+11 08+03 13404 1406  P<0.001

10° 09+02 09+04 12404  18+09  P<0.001

MC 10° 37+06 51+10 67+1.1  62+12  P<0.00l

(40, 40) 10° 79+11 72+14  99+16  93+17  P<0.001
AC 100 13401  14+03 1401  14+04 P>0.1

10° 31402 27+07 32404  39+10  P<0.001
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T—Yx MEN=200, %k M=20, SUEEHE K=20, EEFE%p =0.001,
SHE =001 & LT, BEIERX 20, 0.1 7203 1, ENEHRESINEEy 2-3. 2, -1,
0. 1, 2, 3 FE/iFood LT, T=10°12851F% MC. AC D 20 [HEATONFIEZ R LT- DA
X3 THsD, MC DfEIE, x ORESIITKDH T, y BREWVEREE & 2581 KkE <7
% (K3a), BEIR x, L£HMRSIIEIE y 2238 LT, MC DKRE STHO0NT
TR EN T R 2ol T A y DIERAIZ OV T DR TENRN LT 5HIF
EGLNVE ETER P<0.001 THEHAISNZ, WolED AC DfEIE x DNIEDfEZ &V oy
IMREWVAIREE & DIGEICREL 72D (K3b), BiEx, EHEZHSIEE y 250
SR E LT, AC DRE SIZOWT B Bath a8 2o 2A, x, y ZNE
NOERE x, y OREERZIFT R TITOWT, BRI TENRO & T 2 IR A
BEMER P<0.001 THEASNZ, HELENODNSEII1C, ACDOKE SITHSEEBL T
WHDIEx, y DRZHENERNRTH 5,

(a) (b)
MC AC
10 - 4 -
8 - [ 3 . \
4 - ) appnet® T e ¥=0.1
2 1 L —x=1.0
n T T T T T T T 1 D ] I I 1 L L 1 1

-3-2-101 2 3 oo 3 -2-101 2 3 e
Yy Y

E3 T=10OMCEACHENE(20@EFHTT) .

4. BE

AWZUE, b LIS OSUVERZTA T 2= —Y = MAVEMORZ B2 Th
DOFVHEFEET L 0IE, b CUBERE RROT—T 2 8 BFFO3UE
BRI OERNDNEL 72D Z L2 L, &9 LEEMBRRRH - T, S 51— —
Vx v MPMERIMERBEIT 5356, SUBEREZ T TR —k=—Y = o hOSHYBEEHD
EEE O D Z L aR LT, R LEEDOT mERITIT L U ROV )5 Z &
o7,

ARFGEDR LT T /WL, FEFIZHHUE L7271 3 ) R A K » TSR L ERE
FRLTNWD, T—Vxr MIMERFEB LOERFEEIZ L - T LW S E SR 28455
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L1200 Tl BHTAHRHEME DB X TV D, ARSI D 2B RIICITET Lo f
IZAIVTWZR, L L, SEFHIFRRIRDN 2 WIS Th 2355, EIEFMOBEN
RVEAICHARTH LBAIE. HFo—Tx 0 ML > THEFE OBAERI A TR L0
EWVVOEBRT, AOVA XOHEBASTND, ZDOX AR LIZET /WL,
BGR, NOEGERA S E 220, EHFAIE VD ZivE THRINZIEE 2 BTV
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The effect of inter-group communication on cultural accumulation

Shiro Horiuchi

Organization for the Strategic Coordination of Research and Intellectual Property, Meiji University

Abstract: This study incorporates inter-group communication into the learning process of modern
humans to investigate its effect on the accumulation of culture. The model shows that if agents

who have relatively more cultural traits communicate with each other beyond the boundaries of their
groups (inter-group communication), the “culture heroes,” who have the greatest number of cultural
traits among all agents, increase their cultural traits swiftly. The model also shows that if some
agents migrate between groups and inter-group communication as described above happens, the
number of cultural traits of all the agents increases swiftly, in addition to that of the culture heroes.
The model suggests that modern humans may have accumulated their culture and succeeded in
expanding over the entire planet, owing to their tendencies to communicate beyond the boundaries of
their groups. Moreover, these tendencies may have formed the basis for the evolution of market,

religion, and state.
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Evolution of learning strategies that characterize modern humans

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

Abstract: Human culture is cumulative, and cultural traits are not innovated independently of extant
traits.  That is, new cultural traits are often produced by modifying socially learned traits. Simple
social learning (acquiring cultural traits by simply imitating others’ traits) and individual learning
(acquiring cultural traits independently of others’ traits) cannot create cumulative culture. We have
to consider other learning strategies that can modify socially learned traits. I analyze two models
that include such options. In the first model, I consider the evolution of the social-learner-explorer
strategy (Borenstein et al. 2008) by extending Nakahashi’s (2010) learning capacity model. I
assume that individuals can use individual learning to modify cultural traits acquired socially from
others. I show that the social-learner-explorer strategy is more likely to evolve when environmental
stability is intermediate. I also show that high individual and social learning levels are necessary for
the evolution of social-learner-explorer strategy. In the second model, which is a collaborative
research with Joseph Henrich (University of British Columbia) and Joe Yuichiro Wakano (Meiji
University), we consider the evolution of updater strategy. We assume that the updater initially
learns a cultural trait by vertical transmission and updates it by horizontal transmission. We show
that the updater strategy is more likely to evolve when the population size is large and the social

network is wide. These results shed light on the replacement of Neanderthals by modern humans.
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Evolution of learning and dispersal in a spatially structured population

Yutaka Kobayashi
Graduate School of Science, the University of Tokyo

Abstract: It has recently been revealed that variable climate and associated faunal turnover in the last
glaciation significantly affected the geographic patterns of the distributions of Neanderthals as well
as anatomically modern humans in Eurasia. Probably, in the boundary between the southern warm
area dominated by woodlands, savannahs, or wooded steppes and the northern cold area dominated
mainly by plains, local extinction and recolonization repeatedly challenged humans’ ability to
manage new environments, triggering the evolution of sophisticated individual learning in Homo
sapiens. Further, it may have in turn facilitated the evolution of increased dispersal propensity
toward new habitats, enabling later rapid expansion of the distribution of H. sapiens to the Russian
Arctic and Nearctic. The purpose of the present study is to investigate the potential effect of
repeated extinction and colonization on a local scale on the evolution of the learning mode and
dispersal propensity in humans, using a mathematical model. The model reveals that the
evolutionary equilibrium rate of social learning is a decreasing function of the rate of local extinction
and is independent of the rate of dispersal. On the other hand, the evolutionary equilibrium rate of
dispersal is a U-shaped function of the social learning rate.  This result suggests that overreliance on
cultural accumulation can result in a selection pressure favoring a decreased dispersal rate.
Implications of these theoretical results are argued in relation to replacement of Neanderthals by

modem humans.
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9:45-10:00

Workshop on the Evolutionary Theory of Learning

Dates: November 28-30, 2011

Venue: Kanbaikan, Doshisha University, Kyoto

Program

Day 1 (Monday, November 28)

Kenichi Aoki

“Opening remarks”

Chair: Makoto Shimada

10:00-11:00

11:00-12:00

Yoshihiro Nishiaki (with Seiji Kadowaki)

“Patterns of cultural change in the Middle and Upper Palaeolithic of
the Levant”

Ryosuke Kimura

“Reconstruction of the history of human migrations and admixtures

from genome data: how to interpret multivariate genomic analysis”

Chair: Nobuyuki Takahashi

13:30-14:30

Laurent Lehmann
“Accumulation of cultural information under games of repeated

cultural transmission”

Chair: Shiro Horiuchi

15:00-16:00

16:00-17:00

Stephen Shennan
“Demography, adaptation, and cumulative culture”
Kenichi Aoki

“Innovativeness, population size, and cultural evolution”
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Day 2 (Tuesday, November 29)

Chair: Yasuo lhara
9:00-10:00 Joseph Henrich
“It’s better to be social than smart”
10:00-11:00 Wataru Nakahashi
“Vertical transmission and updating by horizontal transmission”
Chair: Joe Yuichiro Wakano
11:30-12:30 Yutaka Kobayashi
“Evolution of social versus individual learning in an infinite island

model”

Day 3 (Wednesday, November 30)

Chair: Wataru Nakahashi
9:30-10:30 Marcus Feldman (with Michal Arbilly)

“Evolution of learning and cognition in producers and scroungers”
10:30-11:30 Magnus Enquist (with Alberto Acerbi and Stefano Ghirlanda)

“The evolution of fashion cycles”

Chair: Yutaka Kobayashi
13:00-14:00 Joe Yuichiro Wakano

“Competition for empty space among individual and social learners”
14:00-15:00 Kohkichi Kawasaki

“Reaction-diffusion model for range expansion of modern humans in a

heterogeneous environment”

15:30-16:00 Marcus Feldman

“Closing remarks”
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