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INTRODUCTION

Two definitions of language(s)

Languages are accumulations of linguistic interactions between
populations of speakers, which are constrained/subdivided by
mutual intelligibility (externalized language, E-language)

Language is an abstraction over these accumulations, and
defined by properties common to all of them (internal
language, I-language)
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A language from the empirical/quantitative/usage-based
perspective
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Population: P = {S1,S2, ...,Sn}
Language: L = {i1,2, i2,1, ..., in−1,n}
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Language Comparison

How do we approximate languages?
I lexical lists
I structural features (from databases like WALS, AUTOTYP)
I directly by language production, e.g. corpora, recordings
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Two Basic Processes:
Isolation or Contact, Diversification or Unification

I Geography: Latitude,
Longitude, Altitude

I Socioeconomic: Trade,
Cultural Exchange

I Language Learning:
Native, Non-Native
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Recent studies on external factors shaping languages

I Population spread and lexical change [Bouckaert et al., 2012;
Jaeger, 2015]

I Population size and morphology/phoneme
inventories/lexical change [Lupyan & Dale, 2010; Atkinson
2011, Bromham et al., 2015]

I Climate and Tones/Ejectives [Everett & , 2013; Everett, Blasi
& Roberts 2015]

I Altitude and morphological complexity [Bickel & Nichols,
2003; Bickel & Nichols 2011; Nichols, 2013]

I Latitude and word entropy [Bentz, 2016]
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“EXTERNAL” FACTORS
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EXAMPLE: HIGH ALTITUDE COMPLEXITY

(Nichols, 2013; Bickel &
Nichols 2003, 2011)

Asymmetry in language
contact, i.e. adult learning,
leads to simplification of
morphology in lowland
languages, but not in
highland languages
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QUESTIONS

I How much can factors of isolation/contact tell us about
genealogical clustering?

I How much do they tell us about past language change,
and the time-depth of external factors?

→ Phylogenetic Signal Analysis



INTRODUCTION DATA AND METHODS RESULTS

FIRST STEP TO (POTENTIAL) SOLUTION

Phylogenetic signal analysis
I focus on language external features
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DATA AND METHODS

Phylogenetic Signal

“Phylogenetic signal is the extent to which trait values are
statistically related to phylogeny. In other words, phylogenetic
signal indicates the extent to which related species [here
languages] tend to resemble each other.”
[Symonds & Blomberg, 2014]
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DATA AND METHODS

Phylogenetic signal indicators
I Pagel’s λ: [0, 1] [Pagel, 1999; Freckleton, Harvey & Pagel

2002]
I Blomberg’s K: [0,∞] [Blomberg, Garland & Ives, 2003]
I others such as Moran’s I or Abouheif’s C, etc.
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PAGEL’S λ

[Pagel, 1999; Freckleton, Harvey & Pagel 2002]
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PHYLOGENETIC SIGNAL ANALYSIS

λA → 1
λB → 0
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SUMMARY

Meta-study has shown that
I only λ and K can be used to compare phylogenetic signals

across different trees
I at least 20 species, i.e. languages, are needed to give robust

estimates
I λ is more robust under a Brownian motion model (constant

rates of change), and to changes in number of species
I K is more robust under a non-BM model (i.e. OU model)

[Münkemüller et al. 2012]
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DATA

We need
I linguistic trees for different families with > 20 languages
I information on external factors (population size, latitude,

longitude, altitude)



INTRODUCTION DATA AND METHODS RESULTS

DEDIU’S FOREST [DEDIU 2015, ONLINE AT GITHUB]

linguistic trees built on topologies from

Ethnologue [Lewis et al., 2014]
WALS [Dryer & Haspelmath, 2013]
AUTOTYP [Nichols, Witzlack-Makarevich & Bickel, 2013]
Glottolog [Hammarström, Forkel, Haspelmath & Nordhoff, 2014]

and branch length information from

Vocabulary, i.e. Swadesh lists from ASJP16
[Wichmann et al., 2013]
Geography, i.e. great-circle distance
WALS, i.e. distance of languages in terms of structural features
AUTOTYP, also distance in structural features
The Tree Topology itself
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MY SUB-FOREST

I Topologies: all from Ethnologue, WALS, AUTOTYP, and
Glottolog

I Branch length information: ASJP, WALS(euclidean),
AUTOTYP, Geography, Tree Topology

I Branch length method: ga (genetic algorithm)
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EXAMPLE TREES FOR URALIC

Ethno, ASJP, ga Ethno, WALS, ga
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EXTERNAL FACTORS

6834 languages (unique ISO codes), 376 families
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Latitude λ signal

family lang. latitude p-value sig. branch source tree source

Dravidian 23 0.99 < 0.001 λ autotyp autotyp
Dravidian 23 0.99 < 0.001 λ autotyp ethnologue
Otomanguean 50 0.99 < 0.001 λ wals(euclidean) ethnologue
Dravidian 21 0.99 < 0.001 λ wals(euclidean) ethnologue
Tupian 37 0.99 0.024 λ asjp16 glottolog
Dravidian 22 0.99 0.006 λ wals(euclidean) wals
Otomanguean 56 0.99 < 0.001 λ autotyp ethnologue

...
Tupian 21 0 1 λ wals(euclidean) wals
Algic 28 0 1 λ wals(euclidean) wals
Algic 26 0 1 λ wals(euclidean) autotyp
Algic 28 0 1 λ autotyp ethnologue
Algic 24 0 1 λ asjp16 wals
Algic 23 0 1 λ asjp16 autotyp
Uralic 23 0 1 λ asjp16 autotyp
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Dravidian, Latitude Signal (branch lengths: Autotyp, tree
topology: Autotyp)
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DRAVIDIAN, LATITUDE SIGNAL: 0.99

(BRANCH LENGTHS: AUTOTYP, TREE TOPOLOGY: AUTOTYP)
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AFRO-ASIATIC, LONGITUDE SIGNAL: 0.99

(BRANCH LENGTHS: AUTOTYP, TREE TOPOLOGY: WALS)

mcnlme

cop

tmcmozmmy lln kerdaabid

bej

zen thvtaqthv shithv kabsiztzm rifouamzb tzm shy

udlttr
pbimrtmifmfimugmxu mpkhiakotaal hbb hnaxedgdegqagidgdf dbqbdmbwrbcw

ahg bynawn

tan clapippqangi surmkfksq knahauankbol bdeanc

irkgowdal bdswbj

som sidssy rel aar gazssnhae gaxgwd dshbsw bjiarv

tirtig tigsqt gru aiitrg aijcld sgwmid mlt gdqshv hsshar hebhebcld sgwbhm aebapc ajp aynacmshu apcafbacwafbajp apc arbary amh acyHas aylarz abvapcshu

Chusitic

longitude
0

20

40

0

20

40

longitude

Afro−Asiatic

−50

−25

0

25

0 30 60 90
lon

la
t

longitude

0

20

40

0

20

40

longitude



INTRODUCTION DATA AND METHODS RESULTS

ALGIC, LATITUDE SIGNAL: 0

(BRANCH LENGTHS: ASJP, TREE TOPOLOGY: AUTOTYP)
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Altitude λ signal

family lang. altitude p-value sig. branch source tree source

Arawakan 26 0.99 0.05 λ autotyp autotyp
Arawakan 25 0.99 0.06 λ wals(euclidean) autotyp
Sino-Tibetan 60 0.99 < 0.001 λ asjp16 glottolog
Arawakan 22 0.99 0.06 λ autotyp glottolog
Arawakan 22 0.99 0.04 λ wals(euclidean) glottolog

...
Tupian 22 0 1 λ wals(euclidean) ethnologue
Tupian 21 0 1 λ wals(euclidean) wals
Dravidian 23 0 1 λ autotyp autotyp
Dravidian 22 0 1 λ wals(euclidean) wals
Algic 28 0 1 λ wals(euclidean) wals
Algic 26 0 1 λ autotyp wals
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Population size λ signal

family lang. popSize p-value sig. branch source tree source

Uralic 23 0.99 0.29 λ asjp16 autotyp
Algic 26 0.99 0.02 λ asjp16 ethnologue
Pama-Nyungan 70 0.99 < 0.001 λ asjp16 autotyp
Arawakan 25 0.99 0.45 λ asjp16 autotyp
Sino-Tibetan 107 0.99 < 0.001 λ asjp16 autotyp
Mayan 27 0.99 0.027 λ asjp16 autotyp

...
Tupian 21 0 1 λ wals(euclidean) wals
Dravidian 23 0 1 λ autotyp autotyp
Dravidian 22 0 1 λ wals(euclidean) wals
Algic 28 0 1 λ wals(euclidean) wals
Algic 26 0 1 λ autotyp wals
Tupian 22 0 1 λ wals(euclidean) ethnologue
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GENERAL RESULTS

lang. method fam. lat. long. alt. popSize

20 λ 21 0.91 0.91 0.62 0.61
50 λ 7 0.99 0.94 0.8 0.7
100 λ 5 0.99 0.92 0.82 0.73
20 K 21 1.68 1.59 0.91 0.85
50 K 7 2.24 2.03 1.15 0.93
100 K 5 2.76 2.26 1.24 0.96

Phylosig cline: latitude > longitude > altitude > population size
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SUMMARY

I There is a general cline of phylosig:
latitude >longitude >altitude >population size

I there is still considerable variation for different factors and
specific families

I according to Symonds & Blomberg (2014) high
phylogenetic signal suggests a gradual change over time,
whereas low phylogenetic signal suggests either extremely
rapid change or extreme stability

I for languages this suggests that “external” factors have
gradually co-evolved with the linguistic features the trees
are built on
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HOWEVER

I λ is downwards biased by errors in topologies and errors
in tip value estimations

I According to Revell, Harmon and Collar (2008) the
interpretation of λ as rate of change is problematic, since
depending on the evolutionary model
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THANKS
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