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Research in human populations has addressed the 

parallels between cultural and biological

diversification since Darwin (1859), Cavalli Sforza et 

al. (1988), Sokal (1988)

A positive answer would allow researchers to 

support historical hypotheses using evidence

coming from two different domains



Creanza et al. (2015)



Languages are represented through binary

characters, which code the absence/presence of 

phonemes:

English French Japanese

/x/ 1 0 0

/h/ 1 0 1

/p/ 0 1 1



The major conclusions of the paper are:

1) Correlation between genes and languages is strong 

worldwide, but it is entirely predictable from geography

(Partial Mantel Test: R= 0.05, p=0.16-0.17)

2) Geographical isolation leads to an increase in phonemic

inventory sizes (vs. genetic drift)

3) High density areas display similarity in phonemic

inventories between languages, even if they do not

belong to the same family



Tree calculated from a sample of the 

Ruhlen phonemic database

Distance-based trees

KITSCH (Phylip package)

Felsenstein (2004)



“This suggests that phoneme inventories are 

affected by recent population processes and thus 

carry little information about the distant past” 

(Creanza et al. 2015:1269)



Is there any other linguistic domain that can be used 

to study historical relationships at a global scale?

Guardiano and Longobardi (2005) and Longobardi

and Guardiano (2009) propose to look at parametric 

Syntax (Parametric Comparison Method, PCM)



The syntax of the Nominal Domain (DP): 

75 binary parameters (Guardiano and Longobardi 2016) 

Crosslinguistic morphosyntactic difference > parameter 

if and only if it entails

(A) the presence of obligatory formal expression for a semantic or morphological 

distinction (grammaticalisation, i.e. the obligatory presence of a feature in the 

computation to obtain the relevant interpretation and its coupling with an 

uninterpretable counterpart)

(B) the variable form of a category depending on the syntactic context (selection and 

feature agreement)

(C) the position of a category (movement, ±overt attraction triggered by 

grammaticalised features)

(D) The availability in the lexicon of certain functional categories (e.g. functional genitive 

projections)



The syntax of the Nominal Domain (DP): 

75 binary parameters (Guardiano and Longobardi 2016) 

DP-subdomains: 

(1) the status of features associated with D, e.g. person, number, gender, 

and definiteness

(2) the syntactic properties of noun modifiers (adjectives and relative 

clauses), adnominal/genitival arguments and possessives, 

demonstratives

(3) the type and scope of ‘N-movement’ along the functional spine of the 

nominal. 



Crossparametric Implications

Languages are encoded as lists of binary parameters (+,-)

Grammaticalized Person (FGP) and Strong Person (NSD)

English French Chinese

FGP: gramm. person + + -

NSD: strong person - + ?



Crossparametric Implications

Languages are encoded as lists of binary parameters (+,-)

Grammaticalized Person (FGP) and Strong Person (NSD)

Conditions English French Chinese

FGP: gramm. person + + -

NSD: strong person (+FGP) - + 0



Crossparametric Implications

Avoiding redundancy: A parameter is not assigned a value if the 

manifestations for that value are independently derivable.

Non-iterable pre-A genitive/GenS (GFS) and head marking with phi-

agreement (GFN)

Conditions Italian English Hungarian

GFN: Gen-N agreement - - +

GFS: GenS (-GFN) - + 0



TableA

It -+---00+-+++++---0--+-+0--0000+++0+0+----+000-+--0--0+-+---00-+--

Sp ++---00+-+++++---0--+-+0+++-+++++0+0+----+000-+--0--0+-+---00+++-

Fr ++---00+-+-+++0--0--+-00-+-0+0+++0+0+----+000-+--0--0+-+---00++--

Ptg ++---00+-+++++---0--+-+0+-0000+++0+0+----+000-+--0--0+-+---00?+?-

Rm ++---00+-+++++--+0--+-+00++-+++++0+0+----+000-+--0--0--+0--00--0-

Grk ++---00+-+++++---0--+-+0-++---+++0+0+------+0+---0--0-++0--+0--0+

E   ++---00+-++++----0--+-+00-0000+--0+0----------+--0--++-+0--0-0-0-

D ++---00+-++++----0--+-+00-0000++-++0---------0+--0--++++---+00+0-

Da ++---00+-++++---+---+-+00-0000+++++0---------0+--0--++-+0--0-0-0-

Ice ++---00+-++++---++--+--00-0000+++++0---------0+--0---+++0--+0+-0-

Nor ++---00+-++++---++--+-+00-0000+++++0---------0+--0--++-+0--0-0-0-

Blg ++---00+-+++++--+0--+--00-0000+++0+0---------0---0--0+-++--0+-+?-

SC ++---00+-++-00-0000-+-0000++00+++0+0---------0+--0----+++--+00+0-

Slo ++---00+-++-00-0000-+-0000++00+++0+0---------0---0----+++--+00+0-

Po ++---00+-++-00-0000-+-0000++00+++0+0--------+0---0----++---+00+0-

Rus ++---00+-++-00-0000-+-0000++00+++0+0--------+0---0----+++--+00+0-

Ir ++---00+-++++----0--+--00+-0+-++--+0----+0000-0--0---+++0--00+-0-

Wel ++---00+-++++----0-----00+-0+-++--+0----+0000-0--0---+++0--00+-0-

Ma  ++---00+-++-00-0000-++0-00++00+++0-++--------00--0---+-00--0+0-0-

Hi ++---00+-++-00-0000-++0-00++00+++0-++--------00--0---+-00--0+0-0-

Pas ++---00+-++-00-0000---0000++00+--0-+---------0+--0---+-00--0+0-0-

Man -0--+++00000000000000+0-0+++0-+000-----------00-00--+--00+00-0-0-

Can -0--++-00000000000000+0-0+++0-+000-----------00-00--+--00+00-0-0-

Ar ++---00+-+++++---0+++--0-++-+-+++0+0+++000000+0--0+-0+++0--00--0-

Heb ++---00+-+++++---0--+--0-+-0+++++0+0-++000000+0+-0+-0+++0--00--0-

Hu ++---00--+++++---0---+0--+++00+-+0+0---------0+-+-00000-0--0+0000

Est ++---00--++-00+0000---0000++00+++0+0---------00--0-+000-0---+0-0-

Fin ++---00--++-00+0000---0000++00+++0+0---------0+-+-00000-0--0+0000

Tur ++---00--++-00-0000--+0-00++00+--0-----------00++-0000000--0+0000

Bur ++---00--++-00-0000--+0-00++00+--0-----------00+-0---+-00--0+--0+

cB ++---00-+00-0+0-00000-00+-0000+0+0---+--000000+--0--0+-00--000-0-

wB ++---00++00-0+0+00000-00++-0-0+0+0---+--000000+--0--0+-00--000-0-

Wo ++---00++00++-0+-0+00+0-+-0000-0+0+000--00000-0--0----++0+0+0?-0+



How to choose a distance measure?

Since we have a lot of '0' values, we cannot simply “count” the 

number of differences (= Hamming distance)

We can use a Jaccard-Tanimoto distance between

“comparable” values:

d(A,B) = dif(A,B) / [dif(A,B)  + id(A,B)]

= differences / identities  + differences

E.g.: Italian-English: (35 id., 6 diff.)   d(It,Eng)

Distances



Macro- and micro-classification

Indo-European:
Longobardi, G., Guardiano, C., Silvestri, G., Boattini, A., & Ceolin, A. (2013). Toward a syntactic
phylogeny of modern Indo-European languages. Journal of Historical Linguistics, 3(1), 122-152.

Greek and Romance micro-variation
Guardiano, C., D. Michelioudakis, A. Ceolin, M. Irimia, G. Longobardi, N. Radkevic, G. Silvestri, A.
Sitaridou (2016) South by SouthEast. A syntactic approach to Greek and Romance micro- variation.
L’Italia Dialettale.

The classifications obtained largely match the results of well-established and sophisticated methods
relying on phonology and vocabulary.
 extremely high correlation with distributions of distances in such classifications

Going beyond well-established families and beyond the historical depth of PIE, no other linguistic
tools, e.g. etymology, can be used as benchmarks/standards of comparison.
 Do cross-family syntactic distances correlate with genetic distances? Is the correlation

comparable to that of within-family distances?



Genes and Languages in Europe (15 populations)

12 IE populations and 3 non-IE populations (Basque, Hungarians, 

and Finns) are analyzed from the viewpoint of their syntactic, genetic

and geographic distances



Tree from Longobardi et al. 2015

Syntactic distances are distributed

following historical patterns (contrary

to the phonological data in Creanza et 

al. 2015)

Genes and Languages in Europe (15 populations)
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12 IE populations + Basque, Hungarians, and Finns

Distance matrices r P

dGEN dGEO Genetic - Geographic 0.299 0.030

dSYN dGEO Syntactic - Geographic 0.240 0.039

dSYN dGEN Syntactic - Genetic 0.599 0.001

dSYN dGEN (dGEO) Syntactic - Genetic
(Geography held constant)

0.570 0.002



“Careful analyses of 10th century ancient DNA in Hungary 

showed a predominance of European mitochondrial 

haplotypes in burials attributed to the lower classes, and a 

high incidence of Asian haplotypes in high-status individuals 

of that period (Tömöry et al. 2007), which points to the Asian 

immigrants as representing a social élite […] 

[…] when a Finno-Ugric language was introduced in Hungary, 

the genetic buildup of the population changed only in part, 

thus retaining similarities with its geographic neighbors, an 

example of the process called élite dominance by Renfrew 

(1992).”

An exception: Hungarian



Next step: Eurasia (28 languages)

Indo-European (15)

Finno-Ugric (3)

Altaic (2)

Semitic (2)

Sinitic (2)

Niger-Congo (1)

Basque (1)

Japanese (1)

Inuit (1)



Distance-based trees

KITSCH (Phylip package) 

Felsenstein (2004)



Correlations in Eurasia: 28 populations

Distance matrices r P

dGEN dGEO Genetic - Geographic 0.8319 0.0001

dSYN dGEO Syntactic - Geographic 0.4669 0.0001

dSYN dGEN Syntactic - Genetic 0.5286 0.0001

dSYN dGEN (dGEO) Syntactic - Genetic
(Geography held constant)

0.2857 0.0036



This study Creanza et al. (PNAS 2015)

Syntactic Phonemic (Ruhlen) Phonemic (PHOIBLE)

dGen-dLin 0.529 0.157 0.240

p=0.0001 p=0.002 p=0.0002

dGen-dLin(Geo) 0.2857 0.05 0.05

p=0.0036 p=0.16 p=0.17

Syntactic and phonemic evidence in correlation with genes



This study Creanza et al. (PNAS 2015)

Syntactic Phonemic (Ruhlen)

dGen-dLin 0.529 0.4232

p=0.0001 p=0.005

dGen-dLin(Geo) 0.2857 0.0359

p=0.0036 p=0.3344

Syntactic and phonemic evidence in correlation with genes

(Eurasia)



Modeling geography

Great Circle Distances (GCD) are the standard measures in 

correlation studies

Can we test models closer to reality? We have four different 

models:

1- GCD with WayPoints

2- Road Maps

3- Least Cost Path

4- Resistance



Correlations in Eurasia: 28 populations

Distance matrices r P

dSYN dGEN (dGEO) (GCD WayPoints) 0.2770 0.0063

dSYN dGEN (dGEO) (RoadMaps) 0.2641 0.0082

dSYN dGEN (dGEO) (Least Cost Path) 0.3049 0.0030

dSYN dGEN (dGEO) (Resistance) 0.3508 0.0011



Partial correlations



Wolof: it is more salient as an outlier genetically rather than 

linguistically. This can derive from grammatical variation being 

more constrained (by UG?)

Inuktitut: likely to be an insufficient sampling approximation: 

the language is spoken in Eastern Canada, while the nearest 

genetic proxy available was in North-Eastern Asia

Exceptions



Hungarian is still an exception, as it was in Longobardi et al. 

(2015)

Turkish, Farsi, Basque, Japanese can all be explained in 

terms of élite dominance (like Hungarian) and related 

demographic processes

Exceptions



Conclusions

- Generative Syntax is a powerful tool to classify languages and 

investigate their history. It is only marginally affected by horizontal

transmission and it allows to reach comparison at a global scale

- Languages and genes seem to follow the same axes of variation

independently of geography (vs. Creanza et al. 2015) 

- A single process (élite dominance, Renfrew 1992) can explain

several cases of mismatch between linguistic and genetic variation

- These findings might provide new insights to study historical

migrations in Eurasia and, potentially, in other continents
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