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Outline
1. What this course is for: two papers to read by Friday (Heggarty; Blasi)
2. The classical comparative method
3. Language families and genealogical classification
4. Trees: Stammbaum and its limits
5. The biological analogy
6. From informal to computational phylogenetics
7. Overview of the course
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What This Course Is For
By Friday, you should be able to open a recent, contested paper (Heggarty et al. (2023) or Blasi
et al. (2019), both in Science, which we meet on the next two slides), turn to the methods section,
and follow the gist of it without being intimidated.

That does not mean reproducing every derivation. It means knowing what a rate matrix, a posterior
distribution, a clock model and a Bayes factor are; knowing which questions these methods can
and cannot answer; and knowing where the assumptions are buried, so you can push back on
them.

The goal is a critical reader, not necessarily a practitioner. The labs are there so the machinery
stops being a black box.
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Heggarty et al. (2023): Where Did Indo-European Begin?
The question: where, and when, did Proto-Indo-
European originate?

Anatolian (Renfrew): with farming, ~9,000–
8,000 BP
Steppe (Gimbutas): horses and wheels,
~6,500–5,500 BP

Heggarty et al. (Science 2023) infer a hybrid: root
~8,100 BP, homeland south of the Caucasus, then a
later branch north onto the steppe as a secondary
homeland. Neither camp is fully right.

Their "fossilised birth-death model with sampled
ancestors" means nothing today; by Friday it will. The
debate is fought in the methods.

Heggarty et al. (2023), Science 381, Fig. 1D: the hybrid model. Educational use.
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Blasi et al. (2019): Did Farming Reshape Our Sounds?
The question: can diet reshape a language's
sound system?

The claim: labiodentals (f, v) are recent. Softer
post-Neolithic food preserved the
overbite/overjet, making f/v about 30%
cheaper. They are rare among hunter-
gatherers, common among food producers
(maps), and Bayesian phylogenetic
reconstruction puts their probability near zero
deep in Indo-European, rising over the last few
millennia (right plot).

The catch: that correlation only counts if you
control for shared descent and geographic
non-independence, using a phylogenetic
comparative method. Whether their controls
were strong enough is exactly what Tarasov &
Uyeda (2020) disputed; the argument was in
the methods, which is why you need to read
one.

Blasi et al. (2019), Science 363. Labiodentals by subsistence (maps) and their reconstructed rise
through Indo-European (right). Educational use.
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William Jones (1786)

"The Sanskrit language ... is of a wonderful
structure; more perfect than the Greek, more
copious than the Latin, and more exquisitely
refined than either, yet bearing to both of them
a stronger affinity ... than could possibly have
been produced by accident."

The Third Anniversary Discourse, 1786

Jones proposed that Sanskrit, Greek, Latin, Gothic,
Celtic, and Old Persian all descend from a common
source that may no longer exist.
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The Comparative Method

Core idea: languages that share a common ancestor exhibit regular sound
correspondences across basic vocabulary.

The method in three steps:

1. Collect cognates: words in different languages that go back to the same proto-
word

2. Identify systematic sound correspondences
3. Reconstruct the ancestral form
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Grimm's Law: a Worked Example
Jakob Grimm (1822) identified a systematic shift of stop consonants from Proto-Indo-European
(PIE) to Germanic:

PIE Latin Greek English
*p pater patēr father
*p piscis fish
*t trēs treis three
*t tu thou
*ḱ canis kýōn hound
*ḱ cor kardíā heart

PIE *p, *t, *k → Germanic f, þ, h. The palatovelar *ḱ merges with *k in the centum languages, so it
takes the same path.

Correspondences across several branches at once constrain the proto-form: Sanskrit pitā, Greek
patēr, Latin pater, Old English fæder, Gothic fadar all point to PIE *ph₂tḗr. Reconstruction is
inference under constraints, not copying.
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The Neogrammarian Hypothesis
Osthoff & Brugmann (1878):

"All sound change, inasmuch as it proceeds mechanically, takes place
according to laws that admit no exception."

Apparent exceptions are either borrowings or conditioned variants
Example: Verner's Law explains residual irregularities in Grimm's Law

PIE *t → Germanic þ unless the preceding vowel was unstressed (then
→ d)
e.g., brother (PIE *bʰréh₂tēr: root-stressed → þ retained) vs. father (PIE
*ph₂tḗr: ending-stressed → Verner applies → /d/ in OE fæder)

The regularity hypothesis makes reconstruction possible and falsifiable.
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Shared Innovations as Evidence

Not all similarities count equally:

Shared retentions (plesiomorphies): inherited by all members of a large
clade; uninformative for subgrouping
Shared innovations (synapomorphies): arose once in a sub-clade; strong
evidence for closer relationship
Borrowings: surface similarity without common ancestry; must be screened
out
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The Stammbaum: Schleicher (1861)
August Schleicher proposed
representing genealogical relations as a
family tree (Stammbaum).

Internal nodes = reconstructed
ancestors
Leaves = attested languages
Topology encodes subgrouping

The tree metaphor has been central to
historical linguistics ever since.
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Indo-European: the Canonical Case

Major branches: Indic, Iranian, Greek, Italic, Germanic, Celtic, Slavic, Baltic,
Armenian, Albanian, Anatolian, Tocharian

~450 living languages · ~3.4 billion native speakers (Ethnologue)
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What the Tree Represents
A tree on languages  makes the following claims:

1. Monophyly: every clade  that the tree implies has a
unique most recent common ancestor

2. Character inheritance: features shared by all members of a clade were
inherited from that ancestor (unless borrowed)

3. Topology ≠ geography: the tree is about descent, not spatial proximity

Trees abstract away from dialect continua and contact phenomena.
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The Wave Model: Schmidt (1872)
Johannes Schmidt argued that isoglosses
spread like waves from innovation centers.

Consequences:

Neighboring languages share more features
regardless of strict ancestry
A pure tree can be misleading for closely
related dialects
Some clades in the IE tree remain
contested (e.g., Italo-Celtic)

innovation Ainnovation A
innovation Binnovation B

innovation Cinnovation C
L1L1

{A}{A}
L2L2

{A, B}{A, B}

L3L3

{B}{B}

L4L4
{A, B, C}{A, B, C}

L5L5
{B, C}{B, C} L6L6

{C}{C}

Trees and networks are complementary:

Trees for deep structure
Networks for contact and borrowing

No binary tree represents all of these innovations: L2 shares A with L1 and B with L3, but L1 and
L3 share nothing.
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The Analogy: What Carries Over
Biology Historical linguistics

Species Language
Common ancestor Proto-language
Homology Cognacy
Synapomorphy Shared innovation
Character Phoneme / morpheme / lexeme
Substitution Sound change / loss / innovation
Horizontal gene transfer Borrowing

The analogy is productive but imperfect. Borrowing is far more frequent in
languages than horizontal gene transfer in biology.
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The Core Problem: Borrowing
English has borrowed extensively from French and Latin:

mountain, river, forest (Old French)
legal, judicial, noble (Latin via French)
Roughly 50–60% of dictionary headwords are of French or Latin origin
(Finkenstaedt & Wolff 1973); the Germanic core still dominates running text

But basic vocabulary resists borrowing more:

numbers, body parts, basic verbs
not a hard barrier, and English itself shows it: they, them, their are Old Norse;
uncle, aunt, cousin are French
a matter of degree, which is why modern work uses stability weights rather
than a fixed list (Lecture 2)
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Limitations of the Classical Approach
The classical comparative method has fundamental limits:

Produces one tree, with no measure of uncertainty
Competing topologies are hard to compare rigorously
Dating divergences requires independent evidence (ancient texts,
archaeology)
Does not scale easily to large language samples
No explicit probabilistic model of change

These limitations motivate a computational and statistical approach.
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The First Computational Approaches
Developed within linguistics: lexicostatistics & glottochronology (Swadesh, 1950s)

Score shared cognates on a core word list; date splits from an assumed constant retention rate
First quantitative approach; the constant-rate dating assumption is now discredited

Phylogenetic inference methods borrowed from computational biology, applied to language data:

Distance-based, e.g. Neighbor Joining (Saitou & Nei 1987), FastME (Desper & Gascuel 2002): fast,
not model-based, support only via bootstrap; applied to the world's languages from Levenshtein
distances by the ASJP group (Wichmann, Holman & Brown 2008), later refined with weighted
alignment by Jäger (2015)
Maximum parsimony: fewest character-state changes, no branch lengths or probabilistic
interpretation; applied to Papuan structural features by Dunn et al. (2008), alongside Bayesian
inference
Maximum compatibility: seek a tree on which the most characters evolve without homoplasy;
applied to Indo-European with phonological, morphological & lexical characters by Ringe, Warnow &
Taylor (2002)

These are general inference algorithms, not theories of language change; the linguistic substance is in
how characters are coded and applied. The methods predate the next slide's probabilistic turn; the
applications are recent, because they still scale where likelihood does not. 18 / 22



The Probabilistic Turn: Gray & Atkinson (2003)
Following the character-compatibility cladistics of Ringe,
Warnow & Taylor (2002), Gray & Atkinson applied Bayesian
phylogenetic inference to Indo-European lexical data:

87 IE languages × Swadesh 200-word list, cognate-
coded by Dyen et al. (1992) expert judgements
Probabilistic substitution model for binary characters
MCMC over tree topology; divergence times estimated
in a second step by rate-smoothing, not jointly with the
tree
Result: posterior distribution over trees, not a single
tree

Published in Nature, it sparked a decade of debate. The
approach has since been refined substantially; the current IE
state of the art is Heggarty et al. (2023, Science), shown in
Lecture 5.

Heggarty et al. (2023), Science 381,
eabg0818. Reproduced for educational use.
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What Changes With Computational Phylogenetics
Classical Computational / Bayesian

One best tree Distribution over trees
Informal assessment of support Posterior clade probabilities
Qualitative dating Calibrated divergence times with credible intervals
Hard to test hypotheses Bayes factors, model selection
Expert judgement embedded in the analyst Expert judgement declared as data and model

The goal is not to replace expert knowledge, but to make it explicit, testable, and
quantified.
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Course Overview
Lecture Date Topic

1 20 July Introduction: comparative method and phylogenetic turn
2 21 July Data: Swadesh lists, Lexibank, cognate detection, PMI · + LingPy demo
3 22 July Probabilistic models: CTMCs, substitution models, rate variation
4 23 July Bayesian inference: MCMC, MrBayes, priors, convergence, dating · + MrBayes demo
5 24 July Applications: Indo-European debate, macro-families, world trees

The labs run in your browser. There is nothing to install:
https://profgerhard.de/naxos2026/labs/

By Friday: enough to read the methods section of Heggarty et al. (2023) or Blasi et
al. (2019), and to know what to ask of it.
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Recommended Reading
For this lecture:

Campbell, L. (2013). Historical Linguistics: An Introduction. Ch. 1–5
(comparative method)
Jäger, G. & List, J.-M. (2016). Statistical and computational elaborations of the
classical comparative method. Manuscript (PDF on the reading list)
Jäger, G. (2019). Computational historical linguistics. Theoretical Linguistics
45(3–4), 151–182
Dunn, M. (2015). Language phylogenies. In The Routledge Handbook of
Historical Linguistics

Full reading list: https://profgerhard.de/naxos2026/reading-list.html
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