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A new hybrid hypothesis for the origin and ¥ ) .
spread of the Indo-European languages * Theories of Indo-European Origin

Russell Gray, Max Plarck Institute for the Science of Human History, Jena
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The origin of Indo-Europeanlanguages

“the most intensively studied, yet still mostrecalcitrant,
problem of historical linguistics”
Diamond and Bellwood, Science, 2003

Talk structure

I. Thechallenge(s)
2. Bayesian phylolinguistics made easy
3.Thelndo-European debate goes Bayesian
4. Archaeogenetics to therescue?
5. A new hypothesis for the origin of PIE

“the quest for the origins of the Indo-Europeans has all

the fascination of an electric light in the open air on a

summer night: it tends to attract every species of
scholar or would-be savant who can take pen to hand.”

Mallory, 1989.




So why do | care?

EUROPE

“The formation of different
languages and of distinct

species, and the proofs that
both have been developed
through a gradual process, are
curiously parallel. ... We find in

distinct languages striking

homologies due to community
of descent, and analogies due

to a similar process of
formation”

The Descent of Man, 1871

Retentions vs innovations
synapomorphies

Karl Brugmann Willi Hennig
1884 1950/1966

Sympliesiomorphies vs

Tree of life

Glottoclock

Morris
Swadesh
1952

t=logc/2logr
¢ = % shared cognates

r~ 81% (200 word list)

STEPPE
THEORY
6,500 years ago

CASPIAN
SEA
BLACK SEA

ANATOLIAN
THEORY
8500 to 9,000
years ago

Tree of languages

Molecular clock

Zuckerkand| &
Pauling 1962
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Phylogenetic explosion in biology
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Modern Bayesian Phylogenetic
Inference

Data

Model
Priors

Tree search
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What is the ancestral state?

Depends on the tree...
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And the model...

cGoesscEseeed

assumptions about the
relative probabilities of
character state changes
matter

Likelihood calculation 2

In L=in L{a)+In L(b)+In L{c)+...+in L{u)

In L=-60,24

In Lein L(a)+in L{d)*In

In L=-72.53

L (e, xL{u

Lic)+...4In L{

Three models of lexical evolution

. Equal probability of cognate gains
and losses

. Dollo (gains can only occur once,
assumes stochastic clock))

. Covarion
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MCMC search (Markov chain Monte Carlo) Convergence!

Tree space

W vy W

aof most likefy l,,
&

0
X \‘;"VV

No one tree to rule them all
Bayesian MCMC inference P . le of | .
posterior probability of the frees giventhe priors, the data and the model osterior Samp € of trees reveals u ncertalnty

Densitree visualisation

Adapted from Cui etal. 2013,

What we are NOTdoing...

. Level pIaylng fleld —) no ‘cherry picking,

I. Counting cognates to get % shared cognates

2. Pairwise comparisons of languages ~ Quaﬁtlfy'ance
« Estimate“dates™

3. Assuming constant rates




Talk structure

I. Thechallenge(s)

2. Bayesian phylolinguistics made easy

3.Thelndo-European debate goes Bayesian

Data

Dyen et al. (1992) - 84 languages, 2449 cognate sets

Added three extinct languages

Swadesh list - 200 items of basic vocabulary

* numerals, kinship terms, terms for body parts, and basic verbs
« Relatively resistant to borrowing

Recognized borrowing removed - e.g. English “mountain”
borrowed from French “montagne” was not coded as cognate.

Binary coding

Bayesian MCMC tree-estimation

MrBayes (v.2 & v.3) - Huelserbed< & Romuist
10 independent runs with 4 chains

1,300,000 generations

First 300,000 discardedas‘“bumnin”

Sample every 10,000

b

English And' Big' Fire' Meat!’ Rub’ Water’
German Und’ Feuer’ Reiben' Wasser’
Dutch En’ Vuur? Wrijven' water!
Swedish vatten'
Icelandic Vatn'
Danish Kod* Vvand*
Greek Meghalos’ Trivo’
Abocdetghi jklImnopaqgerstou
10010001001 0000100010
German 100010010001 00O011O0O0O0CT11O0
Dutch 100010010001 000100010
Swedish 0100010010001 00010010
Danish 010001001000010010010
Icolandic 010001 00100010000T10 0
'
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“linguists don’t do dates”
April & Robert McMahon 06)
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Date of proto
Indo-European
estimated
using
penalisd
maximum
likelihood rate
smoothing
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| 150 AD - 300 AD Italic
. s
50 AD - 250 AD ' Germanic
650 BC — 300 AD - Celtic
1
51000 BC 3 Indo-lranian
N
Balto-Slavic
1400 BC - 100 AD .
>1500 BC . Greek
1800 BC — 1300 BC — .’ Hitite
N w Ao b L]
Kurgan theory
- - Anatolian theory
. 1 o .

Responses to Gray & Atkinson 2003...

ster bo\\o‘:\‘S

“X#@$?&! (unrepeatable)”

Criticisms of our method

. Wrong answer

« linguistic paleontology rejects this time date —
Lary Trask, Sussex Univ.

Reliance on lexical data

* ‘Lexical data is the least reliable type of data”-
Don Ringe, Univ. of Pennsylvania

Model misspecification

*  ‘used techniques that are not appropriate for their data." -
Tandy Warnow, Univ. of Texas

Cognate sets not independent

Theargument from the wheel

Hom. Greek  kuklos
Sanskrit cakra

English wheel
OHGerman  wel
Olcelandic  hjol

Proto-Indo-European word *kwekwlo- “wheel”

“How could a language that was last spoken around
10,000 years ago have words for things that were
not invented until 4000 years later?”

Larry Trask




The argument from the wheel
Other explanations...

* Borrowing
— new technology
* Semantic shift

2 kola “wheel” — Old Russian
*kwel- (to turn, rotate) =» kuklos “wheel” - Greek

N cakra “wheel” - Sanskrit

Should we believe the lexical data?

« Constraining the tree to Ringe et al. 2002 topology gives similar date estimates

Center of gravity/center of diversity

Austronesian expansion

Sequence, timing, pulses and pauses
Gray,Drummond & Greenhill. 2009. Science 323,479-483.
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Gray, Drummond, & Greenhill (2009) Sdence, 323,479-483.
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Lemeyét al.,MBE, 2010
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The team...

* Alex Alekseyenko @
* Quentin Atkinson i -
* Remco Bouckaert .f
* Alexei Drummond ’&

* Michael Dunn

* Russell Gray ‘
* Simon Greenhill

* Philippe Lemey

* Marc Suchard

Bayesian phylogeography

Data (basic vocab)
Location (language ranges)
Diffusion model

AW N~

Calibration data to date language
divergences

5. Bayesian MCMC inference of phylogeny in
BEAST

New (improved) data

http://ielex.mpi.nl/
Michael Dunn, MPI Nimegen
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+language location data

+ model of spatial diffusion

af,

+ Bayesian inference of
phylogeny in BEAST

* Substitution models
— Simple binary reversible model (0 €=> 1)
— Binary covarion model slow(0 €= 1) fast (0 €= 1)
— Stochastic dollo model (0 = | one gain, many loses)

* Clock

— Uncorrelated lognormal relaxed clock (Drummond et al.,

2006)
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= test origin hypotheses

Google
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Bouckaert etal (2012) Science. -6000

-7000

-5000

-4000

-3000

-2000

-1000

Posterior distribution on root location

Bayes factor

Phylogeographic analysis - s
Anatolian vs. steppe | Anatolian vs. steppe Il

RRW: All languages 175.0 159.3
RRW: Ancient languages only 1404.2 1582.6
RRW: Contemporary languages only 12.0 11.4

Bouckaert et Correction.
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Bayes factor
Phylogeographic analysis Anatolian vs. Anatolian vs.
steppe I steppe II
RRW: All languages 380.4 625.2
RRW: Constrained 174.0 145.4
RRW: Ancient only 828 +o0
RRW: Contemporary only* 8 73 +o0 . .

Big problem — inconsistent data coding
(Swadesh policy of most commonly used lexeme not
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Better data, multi-state, better model that
allows but does not enforce direct ancestry, new
results....

Changetal 2014

New Jenaresults
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Talk structure

1. The challenge(s)

2. Bayesian phylolinguistics made easy

3. The Indo-European debate goes
Bayesian

4. Archaeogenetics to the rescue?
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[Massive migration from the steppe was a source for
indo-European lanquages in Europe

STEPPE IN TIME

An ancient-DNA study links the Corded Ware culture of northern Europe with the Yamnaya culture of the
Eurasian steppe. It points to a mass migration northwest that would support the Steppe hypothesis, one
of two theories that compete to explain the origins of the Indo-European family of languages.

Corded Ware \
. Yamnaya

Steppe hypothesis
5,000-6,000 years ago

Herders on the Eurasian steppe
expanded their range, propelled

by the domestication of horses
and invention of wheeled transport.

Anatolian hypothesis /
8,000-9,500 years ago

Farmers migrated out of

the Middle East, replacing

or interbreeding with the

resident hunter-gatherers.

Haak et al 2015
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A hybrid model for the origin and spread of Indo-European
Haak, Heggarty, Krause & Gray

A hybrid model for the origin and spread of Indo-European
Haak, Heggarty, Krause & Gray
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