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What is Coming Up

❖ Why the biological phylogenetic approach to the history 
of languages get funding and media attention

❖ How biological phylogenetics works

❖ Limitations of this approach



Why Phylogenetics gets Attention



The Credibility Gap
Journal SJR Impact

Nature 18.13

Science 13.53

Nature Communications 6.40

PNAS 6.32

Proceedings of the Royal Society B 2.54

Language 1.13

Diachronica 0.31

Indogermanischen Forschungen 0.22

Historische Sprachforschung 0.10



The Credibility Gap

Publications in these 
generalist journals are 
picked up in the popular 
press around the world.

Here is a paper from PNAS:

(20x SJR impact factor of 
Diachronica)



The Credibility Gap



The Credibility Gap
Heggarty (2013)
Yet their “data”… are not actually 
data in any sense that either the 
natural sciences or mainstream 
linguistics would recognize. They 
are subjective interpretations, not 
amenable to independent validation 
or replication, and widely rejected as 
vacuous by specialists in language 
reconstruction (2).

Paget response: http://www.pnas.org/content/pnas/early/2013/08/01/1309838110.full.pdf



The Credibility Gap

In the press in the:
Washington Post
The Economist
The New York Times
The New Scientist
The Conversation
It should not be dismissed out of hand 
just because it does not respect the 
limitations of traditional historical 
linguistics.
https://theconversation.com/thinking-the-unthinkable-tracing-
language-back-15-000-years-14251



The Credibility Gap

❖ Public perceptions < mass media < high-prestige 
‘generalist’ journals
❖ not specialist journals

❖ high-impact-factor journals portrayed as modern
❖ by strong association with hard sciences
❖ contrast specialist journals as old-fashioned

❖ historical linguists, computational or otherwise, should 
understand this type of work enough to be able to 
comment appropriately



How Phylogenetics Works



Gray & Atkinson on Indo-European

published in Nature 2003 

Motivating question: which 
account of I-E origins is better:

❖ Kurgan hypothesis: 7-8 kya 
from the Steppes

❖ Anatolian hypothesis: 8-9.5 
kya from Anatolia (with 
agriculture)



Gray & Atkinson on Indo-European

in summary:

they give a date for Proto-Indo-
European split of 7800-9800BP 
(before present)

based on cognate retention/
replacement, and dates for 
historical languages



Glottochronology

❖ aware of the failure of glottochronology
❖ argue that the biological methods are 

fundamentally different



Celtic

Germanic

Romance

Baltic

Slavic

Indic

Iranian
Albanian

Greek
ArmenianTocharianHittite











Understanding the Phylo Method
1. Indo-European cognate data

2. Prepare data into characters

3. The probability of unit change

4. The probability of change on a 
branch

5. The probability of a tree

6. Sampling the tree space

7. Consensus trees



The Data

Dyen, Kruskal & Black (1992) reports 
work on lexicostatistics using data 
collected at Charles Darwin University 
(Australia) in the 1960s.

Used lexicostatistics to get groupings of 
subfamilies.



Cognates as Characters

❖ The Dyen data combines 200 meanings (extended 
Swadesh list), 87 languages, 1 word per language per 
meaning

❖ For each meaning, the authors determined cognate sets 
across the languages



Armenian Signal in the Data

Celtic

Germanic

Romance

Baltic

Slavic

Indic

Iranian

Albanian

Greek

The data collected by Dyen et al. has a 
strong family tree signal.

There has been a cottage industry in 
Computational Linguistics building trees 
from this data using a wide range of 
methods.

Any reasonable method should be able to 
get close to the right tree.

E.g. Ellison & Kirby (2006)



Signal in the Data



The Data

MEANING Sanskrit Latin Greek English
I aham ego egṓ i
THREE trí trēs treîs three
MOTHER mā́tṛ māter mḗtēr mother
FIRE agní ignis pûr fire
SNAKE sarpá serpens óphis snake
TOOTH dánta dens odoús tooth
TO FLOAT plávate fluctuāre néō float
FULL pūrṇá plēnus plḗrēs full
... ... ... ... ...



Cognates as Characters
DNA uses 4 bases to encode its information: A C G T

DNA sequences from different species can be aligned
with the corresponding points (in columns) being called characters



Cognates as Characters

C
1

C 
2

C 
3

C 
4

C 
5

C 
6

C 
7

C 
8 

..

Sanskrit 1 1 1 1 0 1 0 0 ..

Latin 1 1 1 1 0 1 0 0 ..

Greek 1 1 1 0 1 0 1 0 ..

English 1 1 1 0 1 0 0 1 ..

CHARACTER
MEANING COGNATE 

SET
C1 I i

C2 THREE three

C3 MOTHER mother

C4 FIRE ignis

C5 FIRE fire

C6 SNAKE serpens

C7 SNAKE óphis

C8 SNAKE snake

.. .. ..



Cognates as Characters
❖ The Dyen data uses 200 meanings, 87 languages, 1 word 

per language per meaning

❖ Each language has its ‘lexicon` defined by a vector of 
2449 binary numbers, each one indicating that a 
particular meaning-cognateset combination is present or 
absent

❖ PROBLEM: as a language can only has one word per 
meaning, characters are not independent: FIRE/fire only 
when not FIRE/ignis (from language.log)

http://itre.cis.upenn.edu/~myl/languagelog/archives/000208.html


Normal Transmission

What happens in a unit change interval - is 
now a question of character change.

In the course of a unit interval what is the 
probability of:
a) a character changing 1 ↦ 0
b) a character changing 0 ↦ 1

unit 
change 
interval



Normal Transmission

❖ over multiple change intervals, the 
same probabilities of transition apply

❖ if we know the values at the start and 
end of a stretch of change intervals, we 
can work out how likely that change 
was (given our model)

❖ assuming the characters vary 
independently

repeated 
change 
intervals



MCMC SIMULATION



if we know

❖ character vector at parent

❖ character vector at child

❖ number of change intervals per year 0.01

❖ time-length along branch 800 (8 intervals)

❖ transition probabilities

we can work out the probability of the change 
seen in that branch

Normal Transmission

Total 
change 
along 
branch



Normal Transmission
Bouckaert & al (2012) Mapping the Origins and Expansion of the Indo-European Language 
Family Science



Each Possible Phylogeny Specifies:

Probabilities of transition: 1 ↦ 0 and 0 ↦ 1
At each branch-point or leaf:
❖ a character vector
On each branch
❖ a change rate, and
❖ a duration
Work out probability of each branch
Product these for probability on total tree



Normal Transmission
Bouckaert & al (2012) Mapping the Origins and Expansion of the Indo-European Language 
Family Science



A Distribution on Trees



Finding Good Trees



Building a Consensus Tree

Collect 1000 relatively probable trees

Create a consensus tree: retain subgroups that 
they agree on



Building a Consensus Tree





Recommended introduction
to how biological 
phylogenetics builds trees 
from data.

Language phylo people use 
the same techniques.



Software

Tutorials helpful for BEAUti and BEAST etc.

❖ BEAUti - sets up the parameters for doing a 
phylogenetic analysis

❖ BEAST - does the sampling of the tree distribution

❖ TreeAnnotator - pulls together information from this 
sample

❖ FigTree - view trees in various formats

http://www.apple.com
http://beast.community/rates_and_dates


Apes
10 000 000 trees examined
10 000        trees sampled
consensus tree



Limitations



Loss of Information

❖ phylo is informationally shallow: each word is no more 
than its cognacy affiliation

❖ detailed linguistic investigation is important for 
understanding not just change in the language, but 
society at large



Calibration

❖ dates out rely on dates in

❖ dated data is needed (e.g. dated written languages)

❖ the more you allow rate change, the more calibration 
data you need



Too Much Consistency

❖ same rate of change for all lexemes

❖ addressed (at least partially) by covarion model of 
lexical togetherness

❖ same rate of change for all branches

❖ addressed by allowing rates to vary but encouraging 
similar rates in similar languages



Dendrophilia

Before branching: 0% independence 
between communities:
total togetherness

After branching: 100% independence 
of communities:
total isolation

Communities in contact lie in the middle
diffusion, borrowing, anti-doppel effects



Dendrophilia



Dendrophilia



Dendrophilia
Pama-Nyungan 
4.5-7kya

genetics suggest no 
major migration 
since since 
settlement ~60kya

borrowings lead to 
phylogenetic 
underestimation of 
age - factor of 10?



What Was
❖ Phylogenetic approach to the history of languages gets 

published in the ‘top’ non-specialist journals - reaching 
a wide audience

❖ would be good for specialists to publish there too

❖ Phylo works by evaluating the probability of a 
tree+change model, and then builds most likely trees

❖ It throws away a lot of detail; while making 
assumptions of its own 




