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Phonemic Diversity Supports a Serial
Founder Effect Model of Language
Expansion from Africa

Qe ndin DL Atkinsan "+

Human genetic snd phenalypic diverdity dedined with distande fram Alrica, & pradiced by &

serial Tounder efea in which suco=iive populstion baot
underpinmning support for an Mrican arigin of modern humans.

prog ressively mduce di v
Rt work Suggedts that & imilar Tounder «f

eneths during range expan on

indy opersbe an human culline snd

langusge. Here | show that the number of phonemes used in & global ssmple of 504 langusges
it also dlinal and fitt & serial founder—etiect model of expamdion fmm an infered afgin in
Afvica. This result, whhich & nat explyined by marne recent demog raphic hidtory, local Langusge

diwersit

. or siatistic sl non-independence within langusge lamiliss, poink to paralisl

methanisms shaping genetic and linguistic diwersity and supports an Akrican arigin ol

madern human Lang usges.

he mumbha af phonemes—peroeptualhy
distna wmits of smmd that differntine
worls—ina knguage is pasitively aome
Inten] with the size of i spesier popu lution
such 2 way that srmll populstions have fewer
phonemes. Languages contimuelly grin and kee
phonemes hacawse of stochestic processes (2, 3]
If phimeme distimctions ane moe Hody io belost
in smell funder populations, then 2 sucoewsim
af fimmder events during enge expension shoulkd
pragressive y recnioe phonemicd ivemity with in
crasing distance from the pont of o gn, penl
lding the sarial Emmder effrt otwenved in populstion
penetics {490 A umnder afisct has alredy haen
wal in aqlyin pattams. of varistion in other al
turze] eeplicadoms, inchding uman madenia] culiurne
{10-13) and bixlsong 4 range of possible
schicks similar chmamics govern

g the svoltion of phonemes J8) and lan
gupe penemlhy { J7-20). This mses the possibiliy
that the sewial fimmder-=ffed mode] usad io trace
T gEmetic origins i et expension fom Aftce

@ omild slko be applied to ghobal phonemic
divemsity in i mvesti guie the origin and exparson
ofmodem human lngusg e Fewe [ommine geo
gragphic variation n phomeme Tmveniony sk using
dots om vowe , commant, and ime Tmveniories
takem fiom 504 bngnages i the Windd
Lamgoege Stroctmes (WALS) { ingether with
informatim on bnguage location, fomomic
affiliation, and spesker demmgmphy (Fig. 1 and

Consisent with peevies wodk (1), speaoer
poprulation sie &2 significant pradicir of phone
mic diversity {Pearson’s comeltion r = (1385
df=503, #0001}, with smaller population sine
prdicting smaller averal] phoneme invenintis

fig. 51 A). The same relati on ship hal ds forvow
= (L37R, df = 503, P =000 1) and tome jr =
0230, df = 503, =< (L0011 ) iy eninries sepe
miely, with & wenloer, thoughstill =i gnificant, effea
popubtion sive on cmnsonant diversity {r =

Ailes of

01,131, df = 503, P= 0003 ). Toscommt fr amy
nur-independance within lngnege families, the

hys s was repented, First using me

o= family level {tahle 5

using & hierarchical lincar mgression famewok
tomuade]n esied d epend ancies in variation at the
family, subfmdly, and geme leves
amehyses oonfinm that, mnsistent with 2
effect mode], smaller population size predics
red uoed phonemes mventory size both betwem
fami hes { Emihy-leve] anehis L&6E , df— 49
F o= 0001; iz S1B) and within familiess, com
tenlling: o tmomomic affieton {heranducal b
ear madd; fixedeeffat aeficent (§{) = L0338
b (LS 5 [9.5% highest posterior demsity (HPT)]
P =009

Figume 1B shows clearnegiona] diferances in
phomemic divarsity, with the lrgest phonane
imveninries in Affica and the smallest in South
4 merica and Oommniz A series of liner mgres
5 ¥ms Wi used o predia phoneme in venikory sioe
from the log of speaker populbition zize and dis
tmnee From: 2560 potential origin ocations anound
the world (75, hanpoating modemn speloer
popul ation size imio the mode] contrals £r geo
guphic petemnng in popul sim sioe and means
thast the anatysis is cons anvativ e ahout the amount
af varation atiribuied o andent demography.
Modd fit wes evahmied with the Bayesian m
formation criterion (BEC) (22, Following previ
ovus wotk 5, § ), the sat of origin locstions witin
four BIC wmits of the hest-fit location was taken
ta e the most likely arex of orign under & serial
founder-offact modd

The arigin locatins producing the sirongest
decline in phonamic divewsity and hest-fit model
lic acmss aentm] and southem Africa (Fig 24)
This mgion could repeesent & ther a single arign
fior modern bnguages. or the main orign wmder
a palygenesis scemario. The besi-fit mode] in
oorporating population size and distance from
the onigin explems 3 1% of the vasiance in pho
nane imveniony sioe [oomreltion ooeffdent |

[Gray+, Nature 2003]
[Atkinson, Science 2011
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octthedrm 0 tuncated tashednon, bat also o
duaed the mowh of 2 sscond twin bemdary
akmg 2 neighboring {111} fae tha & Sow 72°
qunt fivom the first (7 7). Thus, the driving fince
forr tthe: growth af the fourh tip ofthe tezhedron
i likdy apid growsh akmg two adjacem twin
horncaries (Fig. 1D This conchesion is spportad
Ty highmagnification STEM mmages of mdivid
wzl, fully Bmmed tetshalm that show distinc
line af amtr=st al ong their adg e, sugpeting the
presence af twin plenes runming paralle] i the faces
af the tohaln, and wes Erher confimed |
electrom difffaction studies (g
Lader siages of the growth pefneay ouilined

m Fig. 1 wes= prbeal by inces mg the sihvesgold
matio in the wadion seeded with Au odahedra
When the number of Au octrhedn] seals added
i the reaction was mduced (effectivdy monaes

g the sitver/gak] ratio), bimetallic partides with
tnmcatad] hitetrahed md even dehain] Ag
shells Ermed {fig. 513). We olsarved 2 e dis

persity in femms of pesti de shape in his reection,
similar i what ooammal when we wsed peeudo

spherical sealk. These dets indicate that tetrahe

dra mmtinued o devdop twin deficts such that a
Frve-Hild twinnel decshedron could £rmm. STEM
images from the growth of the preud o-s pheri ol
seacs revealsd himaallic partides with tuncaed

hitatmhedral, hittehedal, inmced decshedml],
and decnhedral shapes (Fig. 1, Eto H) Ve po
pase that 2 ietehedreon can deveap a thind twin
plne, caxing a dhange in shape i a bitetrshedeom,
andl then eventally develop 2 fineth and fifth fwin
plane, rsulting i the growth of 2 deashednon
The bak of synthaic pmaesdures fir prepar
mg Auezmlgs for meny af the shapes depicied
i Fig. 1, Cito (i, prevenied 2 closer smdy afthese
ndivickia] groth steps. Flwerver, wehove previ

o Ty st ien] the plesmomeme] tsed depos itien o f

Ag oo An decahedral seeds under menrly
ilembical condbbors (7L We foumd thet Ao five
fiold twinmal decchadm grew imio bimetadlic 20
fiald twinmer] iore shedrain = mam ar similer 4o the
trans immations cuilined in Fig. 1. These daa
are oo sistent with the conclusion that, for this

symihetic systam, multply twinned perticles
formed by succmssive twiming and thet decahe
dra, mgprdless of whether they comprise Au or
hu-come Ag-shell structures, an tansbm imo
icosahedra through this twimming process (Fig. 1,
H i T}

These detr shorw fhat this perticle kbding
stratesry s partiaubrhy useful o ducideting gemedh
peftrways when anysta] twinnimg is imo val. This
mathad af anahysis allows fir the discriminaion
af twin defeds mharent io the seed pastide and
thase that develop during the growth of 2cnystal,
essetialhy distingnuishing the potential growth peth
ways af multiphy twirmead] nenopesticles. This wok
mer cily vk valushle insight inio e gemwdh
mechanizms af multiphy twinme] s, -A.'hh.i1

much the same menner that fuorescence and
isotopic bbeling srategies have been wed o
study malecubr matarizls. We abo anticipas
that if this method of mnal ysis is combined with
im situ TEM observations 18, @ even
geater underseanding of nenopesticle gowdh
can be obtuined

Retfemenoes and Nokes

Ll s L E M § O A Mirkdn, Angow, i,
i, A, 4, 8438
2 MR Langlls, A Mirkdn, Angow, Twee

&4, 58, 3543 (A

i s, A e, (T

4 . AT, @97 Q009

5 32, 3552 (AHO

£ ML P [ L Thag, © A Midd
Mano G, 39 3384 Q0210

LT S Marply, | Am e Sa 126 3448
1004
2. Mt e, Maner, 15, 1957

[Gray+, Nature 2003]
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Mapping the Origins and Expansion
of the Indu-Eurupean Language Family

Remao E-u.ld,ulL F'Inhuut' LEIIlEp:. Michael Duuu,'I * Siman 1 Gresnhill, 58
Alexander V. .I'I.Ieb_.yq'.:e_ulu, RAlexei |. Dluuluull_u] L pamsell . Gldp:."
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There e twa campeting hypatheses far the adgin of the Inde-European Langu age lamily. The
comeentionsl wew pleces the homelnd fin the Ponfic steppes shout SD00 pears sg0. An slbenat e
hypotheds claims that the languasges spreasd Trom Ansxtolis with the expansion of faming 8000

1o 9500 pear sg0. We uied Bayecian phylogeographic apprmsdhes, iogether with heic vocsbulsry d 2.5
ram 103 sndem snd contemporsty Indo-Bimpesn Ln gusges, to sxplicitly model the sxpandian ol the
lamily and test these hypothees, We found dedsive support for an Anstolisn ofigin ower & steppe
arigin. Both the inferrad iming and mot locaBion of the Indo-Eurapesn langusge tesss Ft with an
sgricultural expandion from Anstolia beginning B000 ta 9500 wears mao. These msults highlight the
aritical mle that phylogeographic inference can play fin msolving dehates sbout human prehisiosy.

add-bamal methads fr Bayesian in
fewence of phylogeny have heen p
plisd to cymparative hasic vocsbo by

datx i infer anoesiral relationships hatween lan
| Such smdies have I-Lh.J.ac-:I om the

gephic infernce tnak derived from sindhastic
madels in evalutionany hiokogy o toke the “most
recal citram. problam in historio] Hngristios™ (4
the argin af the Indo-Fumpaen bngusges. The
“sleppe Inypothesis™ posits m arigin in the Pomtic
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Ty highmagnification STEM mmages of mdivid
wzl, fully Bmmed tetshalm that show distinc
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Mapping the Origins and Expansion
of the Indu-Eurupean Language Family
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There e twa campeting hypatheses far the adgin of the Inde-European Langu age lamily. The
comeentionsl wew pleces the homelnd fin the Ponfic steppes shout SD00 pears sg0. An slbenat e
hypotheds claims that the languasges spreasd Trom Ansxtolis with the expansion of faming 8000

1o 9500 pear sg0. We uied Bayecian phylogeographic apprmsdhes, iogether with heic vocsbulsry d 2.5
ram 103 sndem snd contemporsty Indo-Bimpesn Ln gusges, to sxplicitly model the sxpandian ol the
lamily and test these hypothees, We found dedsive support for an Anstolisn ofigin ower & steppe
arigin. Both the inferrad iming and mot locaBion of the Indo-Eurapesn langusge tesss Ft with an
sgricultural expandion from Anstolia beginning B000 ta 9500 wears mao. These msults highlight the
aritical mle that phylogeographic inference can play fin msolving dehates sbout human prehisiosy.

add-bamal methads fr Bayesian in
fewence of phylogeny have heen p
plisd to cymparative hasic vocsbo by

datx i infer anoesiral relationships hatween lan
1) Buch shudies h._-.'-e |l.H.J.‘H':I wm the
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madels in evalutionany hiokogy o toke the “most
recal citram problam in hisoriz] tmgmistics™ {4
the aigin af the Indo-Fumpen bngusges 'I'he
“stepme Invpothesis™ posits m arigin in the Pamntic

[Gray+, Nature 2003]

[Atkinson, Science 2011]
[Bouckaert+, Science 2012]

Quentin_Atkinsons_Website/Home.html

4




ffl
B

)
x|l
3
N

——

i [ £ *&W?E]

AT



il
B

AT H

Photo by Tom & Katrien
Licensed under CC BY-SA



AT H

Photo by stuart anthony Photo by Tom & Katrien
Licensed under CC BY-NC 2.0 Licensed under CC BY-SA



Photo by stuart anthony Photo by Tom & Katrien
Licensed under CC BY-NC 2.0 Licensed under CC BY-SA



A1ZMMMAM
TNUMAMAMAMM
TNAMNMAMAMAM
NMAMAAM
M AARL AARE

* ANAMAMAME
IMIAAA A A A 2
rEMED ANE

S
> dihi =
A Nl NEE
AN ==y /=T
/ AN CZan, A/ s

I iNa>al it 41
' KT R i 1
X YUYk 010 Y. i
s, s/ N1t |
C—.=q [N

e

—=—a A,
PUCNEIEIERCN.

AT H

Photo by stuart anthony Photo by Tom & Katrien
Licensed under CC BY-NC 2.0 Licensed under CC BY-SA



Jp

n
N7y

N

\

=
2

Al

L

oK
i

h

u (111

i

—
L

4

D¢

SIE7 L



Jp

DHIEZ L

N

N7y
|

PH

\

/

—

LR ERF DI FIE

S F (1950F1-~)
Bayesitf &t D itx A (20004 1~)

m
-
§mi?r

G FH A RS ORAEDEN
- A< = A ARERFADRBEDFE



4
|

B

s

i

W
oK

4

—

i

\
p
 S—

b

DHIEZ L

LR E R F DIRMAYS

=



BORRIERID EERADTEAL 7= iy

» TYAVIINET T VR, FULTEHOILEIE
/ \nﬁtttiiiiﬁﬁd)lib“b) [Jones, 1786]

e /K- ‘J/\anﬁ%@%%}ﬁfﬁ [Schleicher, 1853]

o Grimm® ;% Bl [crimm+, 18221 EVerner® ;% Bl
[Verner, 1875]
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(die AusnahmsI05|gke|t der Lautgesetze)

o MEE I [saussure, 1879 DEVYAAIEIZ K DHEE]
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Lid slovansko-
germansky

Pralid indogermansky.

A) August Schleicher, 1853 |21]
Source: [List+, 2013]

Slawogermanen

B) August Schleicher 1853 |22]

nL

C) FrantiSek Ladislav Celﬂkm-'skf 1853 [24]
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xr L I w il
Xt & S Z1E
latte otto  stretto
/latte/ /otto/ /stretto/
leche ocho estrecho
/letle/ /otJjo/ /estretfo/
HAOSEBERTHRMBERIZHD

& EENMBROME A THBETESRENFEE B

cf. ZRiEname, & &bone

10



BXINEFEL

latte otto stretto
/latte/ /otto/ /stretto/

leche ocho estrecho
/letle/ /otJjo/ /estretfo/

HBHEENTHMRFERIZHD

& BEMEARCE.

I CER B TE R LMEEFA

cf. ZRiEname, & &bone

& FRAB R E R IR TFE

10



BXINEFEL

latte otto stretto
/latte/ /otto/ /stretto/

leche ocho estrecho

lacte octo stricto
/letle/ /otJjo/ /estretfo/

/lakte/ /okto/ /strikto/

HBHEENTHMRFERIZHD
© EEMERCEHTRATERWNEEAM

cf. ZRiEname, & &bone

& FRAB R E R IR TFE

10



BXINEFEL

Sl A=
kt > tt

latte otto stretto
/latte/ /otto/ /stretto/

leche ocho estrecho

lacte octo stricto
/letle/ /otJjo/ /estretfo/

/lakte/ /okto/ /strikto/ kt >

HBHEENTHMRFERIZHD
© EEMERCEHTRATERWNEEAM

cf. ZRiEname, & &bone

& FRAB R E R IR TFE

10



1.

HEOHBEIEX7— &

& S FERIA[R]

- BIYLTEL

« RZE: X>X
e 531: p>d>h> @ (zero), s>h
« BEEEEOAREIL: p>b/vocalic vocalic

— EIYIKLE1L

2. 1K

3. A

e k>a,a>k
. 551!:@&?#: h>p

ROBER

VIZDEWNERBE R

SEER
TEIRSZ: k~g,s~z,t~d=*p~Db

Eﬁfzk?%@b/amtlﬂﬁﬁﬁ;@o AN EBE T, HE

11



HEDBBEFHRS

1. IEOEZEIZDONT, BREEHLAESTHE
(RJREE, cognate) O)@—é%ﬁ%‘:qyﬁg
- ERACBAO—HEHR

2. FMAIREE X TR
—  BISVEE RBIIZER A

3. HBfHREEAE

il

12



Eﬁ'

RETILIZ K BHFEEE

& 1/2

‘grass’ 19

N
AN 7\

buruburu || bubure buuburu || vuluvulu

[Bouchard-Cotée+, PNAS 2013]
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s

RETILIZ K BHFEEE

& 1/2

‘grass’ 19

N

AN

AN

/

buruburu

bubure buuburu

vuluvulu

[Bouchard-Cotée+, PNAS 2013]

& EREE
DERED
SR AE Vit

13




FERETILIZKDAEEHEE 1/2

‘grass’ 19

= > zwae
/\ ik

/\ /\ Z%’lﬁljﬁgg
buruburu || bubure buuburu || vuluvulu Uﬁﬁﬁﬁj&d)

- BT S

[Bouchard-Coté+, PNAS 2013] 13



MERETILIZ K BEEHFE 1/2

‘grass’ 19 AAZEDE
bubu?ru % TEIE

= >zt

/\ ik

oL X EARE
/a8
buruburu || bubure buuburu || vuluvulu @Iﬁﬁ%d)

- BT S

[Bouchard-Coté+, PNAS 2013] 13



MERETILIZ K BEEHFE 1/2

O] ‘grass’ 19 fHEED 2
Sk bubury AR
e T~ Fﬁg_!
O - e bubure buburu I — (S =F
0 i Z %‘H/ﬁﬁn
>=hH
i buruburu || bubure buuburu || vuluvulu :O)I%'ftiﬂd)
i = AR =]
[Bouchard-Cote+, PNAS 2013] 13



E?—"L‘

A

RETILIZ K BHFEEE

SR B DB XFFAD
FEZR Y ZE A (transducer)

& 1/2

O] ‘grass’ 19 fHEBDEET
) o F ek
DML 5|
O - T~ bubure buburu | — Nt
0 ) %‘H/ﬁﬁn
>=hH
i buruburu || bubure buuburu || vuluvulu ?I%'ftiﬂd)
2 = AR =]
[Bouchard-Coté+, PNAS 2013] 13




E#’./ C ) )[/L-J:é*ﬂnm *EE 1/2

X FH DB XFHAD
FERAYZ #2 (transducer) |

BT

FEHE/INT A —H

A=

grass’ 19

@b
7

J
J J

= EMTH#TE

/}H; 2
\/MS | BT
buburu %%}E*Eﬁ%

AT 5!

\

bubure

buburu

D DODLD)D)DD
|
—7 71 7

/ élﬁiﬁ%

buruburu || bubure buuburu

vul

o) | PEAEED

BT S

[Bouchard-Cotée+, PNAS 2013]
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+ A—ApOFLT A =

&k (659535

¢ mnnﬁ%@__

1%[/7'—’= F21ZH
AP

M — nnL-Ea'd_%)%ﬁ
F=73 /N R &2

o)
e
©
-
S
@)
S
S
O
c
Q
-
O
3
L.
-
)]
c
o
Q
)
o

[Bouchard-Cotée+, PNAS 2013]

MEXTTI)LIZ &K B1EEE

W 2/2

Automated
reconstruction

Agreement between
two linguists

Proto-Oceanic Proto-Austronesian
(less data) (more data)

14



AR

n w ad

AR DR 3K
e ZHLZTHEREIRHEET KR=IZEDHRWEIRE

G/

— BARGBLEAMIETENATEHAIEEMEIFELD
o INDIEBNDIFE6,000~7,000FHE E?

*HEII:I
TE7ZLN

FR NEDKDLE

B BT
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RiE L EHEEE DM T
BRREEZMEL T A DITEH =

(R AVEKIRE L T347R7 [whitman, 1985] LAVELND T
2LUETEHEE T HLHEL

— cf. A—RMAXRTT7EHR: RJREERE7,708tvb, 142,6615E
[Bouchard-Coté+, PNAS 2013]

ZDIFEAEDRIRFEEZBOD =LY [vovin, 2010]

(28) (R) MK pyé ‘rice plant, grain of rice’”" ~ OJ po ‘ear of rice” < PJK
*pye (Whitman 1985: 212).%* It seems that Whitman assumes that OJ PO 18
po with the otsu-rui vowel /6/, at least that would follow from his list of
vocalic correspondences (1985 129). Unfortunately, however, it 1s clearly
WOIJ pé, with ko-rui /6/, because in the Kojiki the character ﬁ ear of rice’
is used as the kungana for the word po ‘top’ in the phrase N4 M[—NO po
‘top of the waves’ (Igarashi 1969: 106 127). Since WOJ po ‘top’ is also

spelled with the ongana A /po/ in other cases, e.g., ma-po (FRAS)
‘pinnacle = true top’ (KK 30) and pé-tu ye (/F%ME) top branches’ (KK
43), there 1s no doubt that ‘ear of rice’ was pé in Western Old Japanese
Thus, the vowels in Korean and Japonic really do not match,

et molo .

/,
7

A\




SHOBIEZ L

xr 9

- / /\IJ
- A=FH & EEERTE (19505/-)
/_—EE/ZfEI:lEl >~ Bayesff st D i A (20004 +~)
KE T SA

. j:,\’:I:Jn .

17



EED2EXRY ~LE

7K RKEL

il
OH

A
NG

i
O

\'/
N
3

K,
il

N Jd O - M
NN

Wl
il

—

water big

O

Wasser . gross

BO/la 60/1blLION  BEJIMKUM
eau grand

acqua grande

O




EED2EXRY ~LE

REER K A= N
TR water
e VES Wasser
77V AR5E [ eau grand
4 2 1) 7 |acqua




SESDAERY MILAL

FURSEE K AE L

* (water 3 L, 35
e Wasser 4 {1, 4}
7iE | \BoAa 56 W5, 0
> 25 *(eau )/ (grand {2, 7}
7 | acqua &

18




EED2EXRY ~LE

ERER K A= N
* (water *(big ) 1010000
YR Wasser 4 1001000
7% (eoma J°[Gonbiwoii) penmmii] 1000110
‘/7\%2 eau / grand 0100001
75 | acqua 0100001

18



EED2EXRY ~LE

SEOa M
] BE[CETETE S
FIREEREE K AKE ~J
1

water 3 1010000

k= Wasser 4 1001000
‘/7\%2 eau / grand 0100001
75& | acqua grande 0100001

18



2FE K= (glottochronology) 1/2

x|l
il

ANBZF-EEBEZOTAA AT 4T DB [Sapir, 1921]

- BEAIZELTEEDER THEELEL

B OF COBRSFMERZRFENRAITE [Libby, 1946]

fHEEDOERHETE DI [Swadesh, 1948,1951]

— AVR-F—OV/NEBHEIOEBEEZEDERFRERD. 7AIN- AT«
7D EREIZEA

AARZEAHE. TAXEHE~DE A [RER, 1954][FR L3+, 1960]

R ROEMBFELNY: BAREBEFHMEEMRICRRIZEL

TH. fH55(36,000F LL EH] [AR#E6, 1999[1956]]

F£YF D FRFETIRET [Zuckerkandl+, 1965]

ANAN TS

19



2FE K= (glottochronology) 2/2

. logc °
2logr G

. t: MEBPOLER (AT F4) (8

o« c: A, BOEREEHAR

B E = D7 (20018 H T0.81)

FHR 1K (2K |3K [4K [5K |6K | 7K [8K |9K

x|l

°T.

HERXR (r=.81) .66 .43 .28 .19 .12 .08 .05 .03 .02

20



EERFEANDOHH

e EBEEDHRERN—TELELVIIREN Y
A

- B/ IVRENDT A AT URFENDEFEKE>0.95
[Bergsland+, 1962]

e AREEZEHNSDERAIEZXBIAEHELL
o M E=MAATELEICI>TETEENELS
D TIE?

i

—1

21
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42K - ‘//\*ﬂn

FHE E&iﬂg (Urhelmat)

1. LA /'ﬂinﬁ
— 5,000-6,0004EH]
— /‘EBIJ—JL@XT Jj
- TﬁfFﬁE@ B EHIMEAR
- EREFADLKVXE
2. 7FTNI7IRER (Gray+HEZ5E5)
— 8,000-9,5004FHi] [Bouckaert+, Science 2012]
— 7FRNI)F7
— EftELBICHEKR
— EHFE (Renfrew) DEH EERIBHEEETIL
— #He¥: ENERGE 7 TN 7 EEIRITEE L ONTHEN T =
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o L
00

Bayes ' S| =

Fomaman _List
A

Rt E =3
TTIL ——

Lmeran S
O _High German
Diid _En| E"s" e

Oid_Persia

Digar_Disselic
gn Dssalie
Winkch,

Axastan

Abanian C
Abanian K
ABanian Top
Aloanan_G

[Bouckaert+, | i
Science 2012] '

Armemnian Mod

Lycan

Hiftite
L} T T T

7000 6000 5000 4000 3000 2000 1000
Time (years ago)




Time (years ago)

[Bouckaert+, Science 2012] o5




Bayes R #HEE 1/3

-2 4
I ° {1, 3, 4}
{11, 2, 31 — {1, 2, 5}
-3
o {1, 2, 3, 5}
+5
o {1, 3, 5}
-2

o« “HOKREWHTE (cf. EERTOLE)
. AIRENEREEZEETILE (of. £EX)

26



Bayes R #HEE 1/3

4 ~ {1, 3, 4}
° {1, 3, 4, 5}
o o {1, 2, 5}
11,3 5 +2 -4
PN ® {1, 3, 5}
+6 -6

o« “HOKREWHTE (cf. EERTOLE)
. AIRENEREEZEETILE (of. £EX)

26



Bayes R #HEE 1/3

-2 4
I ° {1, 3, 4}
{11, 2, 31 — {1, 2, 5}
-3
o {1, 2, 3, 5}
+5
o {1, 3, 5}
-2

o« “HOKREWHTE (cf. EERTOLE)
. AIRENEREEZEETILE (of. £EX)

26



L AR Y
T
Bayes Rt & % ¢ i
2 4 T
I ° {1, 3, 4}
{11, 2, 31 — {1, 2, 5}
-3
o {1, 2, 3, 5}
+5
o {1, 3, 5}
-2
o« “HOKREWHTE (cf. EERTOLE)

. FIREENEREEEETILE (cf. EX)

26



Bayes

RGEHETEIZ K BILERE 273

E ) S A

%ﬁﬂ?f

= (0—1). 3= (1—0) DETIL
—cf. DNADZEAZE (ACGTOEBRETIL)

BITH: Q = (_ﬁa —,3)
BHMER: P(x = jln(x) =i,t) = exp(tQ);

SEZD
\ SR % 48]

J BREE—FEIZET.
ETETIL ERIDMEES
. ~Exp(1) or a; ~LogNormal(u,o?)

27



Bayes%

MHEEIZ K DL

o FEREIF (calibration)
—- HREBOFERIZFFIDMZERS
age(Latin)~N (u = 2050.0 BP,o = 75.0)
— BRI BT 2 % 1]

. RARHTE

— NTA—ROE EHEET DO TEAL B

BWTEL

F NS B

PRI # | BRI H, N\ A /85— /3T A—5)
— BT T (5T X LFER) TR REER

% 3/3
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=5 . BayesRifHEE &

SEEEREEMIED DH

« RIEDERE (EBX) H

—EEWSHIFZE R A

o KDHOYIZLNDHIDEHREE
@%’éﬂ*-ﬁé‘/?lﬂ%ﬂ%’]

ELTEATERERL

o« H Y TIZRY, *HE
FRE R TIEERL D

if®

THERE

estimated age of Indo-European
[Gray+, 2011]
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BEAUti
File Edit Help

Partitions| Taxa | Tips | Traits ' Sites | Clocks | Trees | States  Priors | Operators | MCMC

TaxonSet | [Mo...|st... |[Tree |age |[2] [Taxon set: Tokyo/Kyoto
BORRCN(E... V] |

\Excluded Taxa '[4]  [included Taxa

lwate Kyoto
Kagawa Tokyo
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Oita
Okayama
Okinawa
Osaka
Saga
Saitama
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Shimane
Shizuoka [~]

Select: |taxon set... | V| Select: |taxon set...

[+]-]

Data: 59 taxa, 1 partition; Internal node(s) calibrated in binary_group; |ﬁ Generate BEAST File...
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Oita
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Select: |taxon set... | V| Select: |taxon set...

Data: 59 taxa, 1 partition; Internal node(s) calibrated in binary_group; |ﬁ Generate BEAST File...
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[Lee+, 2011]
(R. Soc. B)




[Lee+, 2011]

(R. Soc. B)
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Old Japanese

—— Migldle Japanese
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Okinawa
Amami




[Lee+, 2011]

(R. Soc. B)
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Miyagi
Yamagata
Aomori
Iwate
Akita
Fukushima
Ibaragi
Tochigi
Nagano
Nigata
Hachijyo
Shizuoka
Saitama

— 200 E TEL 7'; Pz T : s
zlsj:;%jimb ﬂ:/ﬁk_:é;haf' :'

[Lee+, 2011]
(R. Soc. B)
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Miyagi
Yamagata
Aomori
Iwate
Akita
Fukushima
Ibaragi

N(L— B Tochigi

%Nagunu

Nigata

| | e

Hachijyo

— — 2 N\ / \IJJ 2 'q. Shizuoka
2\ — N\ 95 Saitama

| | 5 O O z . 7 ’ Z —= Gunma

6 @ Toyama
96 0 Ishikawa

AKITFAESHTEZRSINTE? =t =
: .

BEREFRODIRNMEFET I
SHEWES, HEONIE NE

2

sxoEEtsELy BE

L [0}

[Lee+, 2011]
(R. Soc. B)
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Southeast Asia

-

“ Hawaii

=% Madagascar

New ﬁ-ﬂedoma
Rapanui

§7New Zealand

[Gray+, 2011]
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77 E iR

09
12

14

3 Mt

01 # sudietc./sudietc.(FERBHESOESTL)
02 A4 kuho(r)ro/kuiro (E5shahi)

03 i sthé,séxe/sis,séz (Hihohif)

04 B tibu(”)§/tsibufitubufi (FEFFE)

05 & AlT j(ih)e:da/heda (EESATFH)

06 4§ mjaz/maja (H4)

07 »% &Y ifito/ifato (%52 FRMNHF)
08 B3 2umu/?up,mag

09 #H7: LI wapna/wapz;, wapnja

10 v» 5 - L % 2umorjupfozr/?imorjupfo:
11 & 7#=—-#: 1) tindari{gjo)/tsipnja,tsimmia
12 % ¢ = nabekusiri/nabiro{must})

13 $t bikki/bikkja

14 2-23% hanu(l)s(1)/top

15 4w kada,kaza/niwé,etc.

16 1§ 2iri, ?irui/nifi

17 bk, T wara,fara/2wi(1), fa(z)
18 3% 2 (foh) 2ura(kja)/zja(kja)

[, 1982]
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77 & I (3 ZE e RV En BH

09
3 mdtostar =

14

)

FE&1% (isogloss)

01 # sudil,etc./sudietc. (FEALEH =
02 A4 kuho(r)ro/kuiro (E5shahi)

03 i sthé,séxe/sis,séz (Hihohif)

04 B tibu(”)§/tsibufitubufi (FEFFE)
05 & AlT j(ih)e:da/heda (EESATFH)

06 4§ mjaz/maja (H4)

07 »% &Y ifito/ifato (%52 FRMNHF)
08 B3 2umu/?up,mag

09 #H7: LI wapna/wapz;, wapnja

10 v» 5 - L % 2umorjupfozr/?imorjupfo:
11 & 7#=—-#: 1) tindari{gjo)/tsipnja,tsimmia
12 % ¢ = nabekusiri/nabiro{must})

13 $t bikki/bikkja

14 2-23% hanu(l)s(1)/top

15 4w kada,kaza/niwé,etc.

16 1§ 2iri, ?irui/nifi

17 bk, T wara,fara/2wi(1), fa(z)
18 3% 2 (foh) 2ura(kja)/zja(kja)

[42H, 1982]
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12 % ¢ = nabekusiri/nabiro{must})

13 $t bikki/bikkja

14 2-23% hanu(l)s(1)/top

15 4w kada,kaza/niwé,etc.

16 1§ 2iri, ?irui/nifi

17 bk, T wara,fara/2wi(1), fa(z)
18 3% 2 (foh) 2ura(kja)/zja(kja)

[42H, 1982]
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(R. Soc. B)

[Lee+, 2011]

REl. EEMARXL
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£ E CIHZ?

86

98

50

|u

100

98

Old Japanese

100

— Mi

Idle Japanese

2000

1500

1000

years before present

5 Ikema
|_|_|: Irafu
Hirara
|
L]
0

Miyagi
Yamagata
Aomori
Iwate
Akita
Fukushima
Ibaragi
Tochigi

Nagano

Nigata
‘E‘ Hachijyo

Shizuoka

Saitama
Gunma
O Toyama
00 Ishikawa
) Fukui
Kanagawa

) Hyogo

D Tokushima

Okayama

» Hiroshima

) Shiga

) Ehime

0 Kochi

D Kagawa
Kyoto

Osake

Miyazaki
Kagoshima
KLI]I'JI[[]KJH]
Oita
Fukuoka
Saga
Nagasaki

© Tottori

£ Shimane
Aichi

Gifu
Hokkaido
Yamanashi
Tokyo

Ishigaki

Taketomi
Hateruma
Yonaguni

Tarama
Okinawa
Amami
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= 522885 R (Linguistic Typology)

s HRDEEEZHYIZL>THER
— BB, BIGAIOBE, mHRDEE, etc
 The World Atlas of Language Structures
AR
—2,6795 5
— 12D E

— I=FLEEZE - FEHERT7DHEE Z(L<15%
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Feature 81A:
Order of Subject, Object and Verb

http://wals.info/feature/81A 46



Feature 55A: Numeral Classifiers

(BhEEHZ=6E S D)

v @ Optional O
[+ @ Obligatory O O

O

http://wals.info/feature/55A




Population  \  iipyanapae Morphological
size CEe ol complexity )

WALSOD i FH5: B

extra-marital sex

t& O) *E F%ﬁ Leveb | SiestU

Murray (1965)

|
Ember & Ember (2007) /

) (limate )
Phoneme — 4
inventory Nettle (1998)

/S

m s Linguistic
tkinson (2011) . .
;  diversity
Migration
Traffic
accidents
Results
Political
individualism Acacia frees
1
Way & Liberman (2010)
[Roberts, 2013] : ‘

i | Linguistic
Genes < Dediu & Ladd
—/ | (2007) — '0 ne )
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? ——{svo ]
— -(507)
SOV / =41 Ay Az Aagy Aags
SVO([ Aza21  —Az Atz Az Az
VSO| A3az; A3z, —A3  Azazs  Azass
VOS| A4@q1 Aq@uz Az —Ay Ayys
OVS\| Asasy  Asasy Asass Asasy  —As
OSV M1 Asez Assz Asea Aslss

SOV §SVO VSO VOS OVS

A “16\
A6
A3a36
A4 Q46

/15“56)
_A6
oSV

[Maurits+, PNAS 2014]
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SVO
VSO
VOS
OVS

—4
Ayazq
A3a3q
AyQyq
Asasq

ONYY A6a61

SOV

Ay,
1,
A3z,
AgQy
Asas;,
AeQs2
SVO

A3
Ayay3
s
AgQy3
As@s53
AeQs3
VSO

A1y
Y PLoP
3034
—A4
A5y
AeQga
VOS

OVS

[Maurits+, PNAS 2014]

16
A6
A3a36
A4 Q46
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oSV

Source word order

\

SOV SVO VSO VOS OvVSs OSV
Target word order

SOVAH 5SVOND
EALDOANEFD
KLYl Y

)
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j;E J?IJ

Eq= zls
A R
DL

[Janhunen, 2003]

A Framework for the Study
of Japanese Language Origins

Juha JANHUNEN

University of Helsinki

Keywords © Japonic, Korean, Ainu; Jomon, Yayoi, Packche; linguistic expansions,

areal contacts, typological change.

10. Japonic belongs to the Altaic type. In contrast to the failure of the genetic compari-
sons, it 18 impossible to deny the fact that Japonic 1s typologically linked with the conti-
nental languages traditionally identified as Altaic (or Ural-Altaic). The Altaic features of
Japonic cover most aspects of the language, including segmental structure, morphology,
morphosyntax, and syntax. In view of these features, Japanese may well be called an
Altaic language, but only in the typological sense. The same is true of the other “Altaic™
languages, which, in spite of their shared typology. seem to represent separate genetic

lincages.

22, Japonic had originally a non-Altaic typology. The application of the method of inter-
nal reconstruction to Japonic linguistic material suggests that Pre-Proto-Japonic may
originally have been characterized by a non-Altaic typology. The most important non-
Altaic features of Pre-Proto-Japonic seem to have been its predominantly monosyllabic
morpheme structure and the presence of tonal distinctions (Janhunen 1997).

25. Japonic had once a Sinitic typology. Moving further along these lines, it can be as-
sumed that the non-Altaic features in the typology of Japonic, including both the tonal
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[Janhunen, 2003]

A Framework for the Study
of Japanese Language Origins

Juha JANHUNEN

University of Helsinki

Keywords © Japonic, Korean, Ainu; Jomon, Yayoi, Packche; linguistic expansions,

areal contacts, typological change.
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10. Japonic belongs to the Altaic type. In contrast to the failure of the genetic compari-
sons, it 18 impossible to deny the fact that Japonic 1s typologically linked with the conti-
nental languages traditionally identified as Altaic {nrm The Altaic features of
Japonic cover most aspects of the language, including segmental structure, morphology,
morphosyntax, and syntax. In view of these features, Japanese may well be called an
Altaic language, but only in the typological sense. The same 1s true of the other “Altaic™
languages, which, in spite of their shared typology, seem to represent separate genetic
|
lincages.

22, Japonic had originally a non-Altaic FL-'EUfu-i:rr. The application of the method of inter-
nal reconstruction to Japonic linguistic material suggests that Pre-Proto-Japonic may
originally have been characterized by a non-Altaic typology. The most important non-
Altaic features of Pre-Proto-Japonic seem to have been its predominantly monosyllabic
morpheme structure and the presence of tonal distinctions (Janhunen 1997).

25. Japonic had once a Sinitic typology. Moving further along these lines, it can be as-
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sumed that the non-Altaic features in the typology of Japonic, including both the tonal
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B EF£EAY5m (Diachronic Typology)
D HEKB R

s B EDEILEHEESTENLHRAE

s EEES: BRI T AEHHENEIL

[Trubetzkoy, 1923][Aikhenvald+, 2001][Daume I, NAACL 2009]

» REDRHEDE LR EEDER
[Nichols, 1992][#A7, 2007[2003]]
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— X D% AR

RKDOWERETIL (REFE)

[Teh+, NIPS 2007]

( ,36:1 —a,[igi)

o4



ﬁE%GDEJrErEI’JHX L) #H A (&

— X D% AR

RKDOWEERETIL (BREFE)

[Teh+, NIPS 2007]
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[Teh+, NIPS 2007]
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RKDOWEERETIL (BREFE)

[Teh+, NIPS 2007]
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MmO BERNO—2I
BB DRI

o ;REEHEEM (implicational universal)
[Greenberg, 1963][Daumé I, ACL 2007]
— OV D REFTE, VO D mr&Ez i

- BEFL D BRE-LADEIR
o FE—"M (uniformitarianism) Y &% [sakobson, 1971[1957]]
- WAEIEMOEBMEFHRBICIHTIEFED
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ERHDBHO— D
TR DER

REHEEM (implicational universal)
[Greenberg, 1963][Daumé I, ACL 2007]

- ov > #EFR, VO O FIBAL

- BREFN DO BREI-ZFADEIR

H—M (unlformltarlanlsm) {55 [3akobson, 1971[1957]]
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SHEERICHERENDSEL, TIENTTEBRIT N

EERUVLDTIE?

S (BFEERIMN) OBARIEHRAREBLIOHAN L

LTEEL. AECEATNIERVNOTIE?

13



M

1

I

B
oK
2
=1L
|
N>
fieh
=
Hat
il
Wi
i

hlo21]os4] -~ J0.03

4 encode h = 0(Wex + be)

x{ oJojJ1JoJoJold-]o

4 ZEOREBEE/NA T ) I~EH (L-of KEH#R)

v [2]2]o] - 3]3

56



M

1

I

/
|

i

) Rl sm D ERZEERIT

vi[2f2]o] - |3]3

2 NAFIVHLSZEOEES TR

x'LoloJ1joJolJold-]o

A EHEOHNICEDIENSFYBEET

x'[0.00]0.00]0.92]0.02fo0.01fo0.01]--J0.00

4@ decode GEEHY) X = U(Wdh + bd)

PH
oK
o

h [0.21]o0.84] -+ J0.03
4 encode h = 0(Wex + be)
x{ojojJi1JoJofJolfJ--Jo

56



I
y
]

2

ok
|H

C.

Zin

AR DEGEExIR

vi[2f2]o] - |3]3

B 5% S ¥ E * AT IIDSEEORYE~LTR

i

S

P(x) = x'LoloJ1joJolJold-]o

exp(f(h)) B SHEOHMICEIENAFT U EET

Y. exp(f(h) |x"[0.01]0.00§0.92§0.02]0.01]0.01] -+ ] 0.00

» 4@ decode GEEHY) X = U(Wdh + bd)

h [o.21]0.84

4 encode h = 0(Wex + be)

N
x{ oJojJ1JoJoJold-]o

4 ZEOREBEE/NA T ) I~EH (L-of KEH#R)

56



(*”_ﬁﬁﬁ-lﬁ@) {757!]: 7_|_—X I\ j/:/“ﬁg_:gjj/ﬁd)
LURERBEETY - U A—ILFEE

I /)7\ = - 7 A—)L .i;jfjy’bjf’t&iijtC languages
XA LS 5 HTHY Er A
FHRZRE T BB
e ] oV VO
R E s BB
T %Eﬁﬁ%ﬁ% %%ﬁﬁ%ﬁ*
R A=Y

Y 7% anin don- pen darsj -an - tiy -ben idsim -te ted
(Ln> ) he/she OBJ- me rice -ART INF-give -INF  want -3PR not

7H*— Kk*et Pot cap 7Paoy bay knom

JLZE he/she not want give rice me

[Donegan+, 2004] 57



ELTOEARS

=h

= a0

L) FE

1 T

80

40

I
s

20

logprob + C

|
Y
<
T

cat

hid {origy—
hid (binarize}—T

-B0O

0.2

(L2 A)



10

80 il T
| ;
U L 3‘?3__ -
& A
I L T i I jz-j _
Q i _E'E_ | ;‘fﬁ:
P -g 20| 1 AT ll .
D& R g
J\J O Enl Il | {,3"'3:{‘3- |
IIHﬂE _z-_ il Zﬁ_f
EndlEERY
([ R T et |
=T VA
o ﬁ%%ﬁ%@
"N I
hid (origy— . /J:E' - {j:z_ g 70\
—60 hid (binarize}—l | |
o == 0.2 o4 O.6 0.8
A/’? ) &8 A= 7 A=)l

(LVA)



10

80 _1 \/\/\_\_/\/ _NTH K

1 ot i B2 T OB
a ] HREIZERS EED
s
v £ 2ot ||IIH 1
o 8 (it
-J of I n AT
HO i HH
o Ry z*f‘“ i
([T — JREE R

B AR E O

hid (cfr?;g—}— - ;Eé {j:z_ g 7N
hid (binarize)—
_60 0.2 0.4 0.6 0.8

A/Qjﬁ
(LVA)

N=]

/E

E

&Lt g A —ljb:n

58




BEFULN LHIE R

g TN RS = i) EHTZEfE £ T ORI
m o« ne | FEEIEBARAIEZHED
Q - il 99 UVERRERY 7 T H ‘ “ L
J\J o -EX\ L "Ezﬂ-
A 1L
o Ry z*f" i !
[l 20 SRR LT K AU

B AR EE O

hid (cfr?;g—}— - ;Eé liT g 7N
hid {bi narize}—l

A/&)ﬁ
(LVA)

N=]

/E

E

&Lt g A —lju:n

58




0.07 0.28
p.16 0.29
@)
0.07p.08 p.09 0.23

0.080.09 0.27 0.14™~0.25
0.28 010 D37
@ Central Solomons @ @

0.12N\0.17 0.330.09

Feid)(aun)

0.24p.22 p.78 0.82

0.21\0.04

Ty (DEDEE

14 0.05

D T
0.09\0.43

0.230.27

s> i

59



TEMEE R L I-ihEE

1.

2
3
4.
b.
§
/
8
9.
1

Jjpn

ryu Japonic

khk Altaic—>Mon.

lep ST->Tib. —Bur.
chv Altaic—>Tur.

mvf Altaic—>Mon.

bxm Altaic—>Mon.

der ST->Tib. -Bur.
uum Altaic—>Tur.

0. huu Witotoan

/0
-33
-198
-202
-209
-213
-217
-221
-228
-229

EinZE L TEE!
$at%@ﬁﬁ EDE

BERURFEE L DR (R —BX)

M

Jpn
KXV
grt
g80
lez
chyv
huu
Khk

EEE LT

0.0
Dravidian 0.
ST=>Tib. Bur. -0.
Dravidian 0.

NC->EC—>Legzi. -0.
Altaic—>Tur. -0.

Witotoan -0.
Altaic—>Mon. 0.
Japinic -0.
Dravidian -0.

:*ﬁ

394
397
403
409
431
436
453
460
461

60



W'D

e FEENREFHLTILIZETE CTHFHE T Dt
~ TREEMRFANY, EEE (ELE, R, 15
AT ARz B
— A EHLETFEEN GEUBIZ) KA
« EMIFRFENDETILEFDITEEEBIEHT
HZEMZMNDT=
s EEZOHEBERFATETIVIELT HDILE

QU

61






