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What do bioinformatic thinking and
phylogenetic methods have to offer

historical linguistics?

Russell Gray, University of Auckland

Possible offerings

1. Database technologies and vision
2. Quantitative trees
3. Dates
4. Networks
5. Ancestral state estimation
6. Test functional dependencies
7. Test hypotheses about rates and

processes

Biology today

Biology today

Tree of Life

Historical linguistics today
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The future…?

1. Standard coding (ISO, IPA etc)
2. Accessible (no more private hobby

databases)
3. Extensible
4. Correctable
5. Linked Currently 507 languages

210 items basic vocabulary

2. Computing language phylogenies

Cognacy

John Lynch Laurent SagartBob Blust Jeff Marck Malcolm Ross

Cognate coding

Language “Bone” Cognacy  Binary 

Proto-Austronesian                *CuqelaN 1 1000 

Paiwan tsuqela 1 1000 

Itbayaten tuqgan 1 1000 

Tagalog butó 2 0100 

Bare!e wuku 2 0100 

Mangarrai                   toko 2 0100 

Numfor kor 3 0010 

Motu turia 4 0001 

Fijian (Bau) sui-na 4 0001 

Tongan                    hui 4 0001 

Maori                  iwi 4 0001 

 

Simple likelihood model
binary character, equal rate, unequal frequencies, gamma distribution

 0  1  

0  -µ! 1  µ! 1 

1  µ! 0 -µ! 0 

 

µ = rate
!  = frequency

Gain = state 0 !  1
Loss = state 1 !  0

What we are NOT doing…

1. Counting cognates

2.  Pairwise comparisons of languages

3.  Assuming constant rates

4.  Glottochronology or lexicostatistics!X X
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Consensus tree with posterior probabilities

• Formosan languages
– Basal, Not Monophyletic

• Recovers major subgroups
– Not WMP, CMP, WOc

• Sequence fits expansion
model

3. Dating language phylogenies
(without assuming constant rates of lexical replacement)

Archaeological claims about pauses in the
peopling of the Pacific

Calibrated
rate smoothed
tree

Does NOT assume constant rates
R8s 1.7 (Sanderson)

Pulses - rapid Expansion 

Pauses

The estimated age of Proto-Austronesian 4. Computing networks:
Between trees and waves (or tangled banks)
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Phylogenetic networks

Dave Bryant
(Aucklandl)

Vince Moulton
(University of East Anglia) 

NeighbourNet (Bryant & Moulton, 2002)

Parallel lines represent splits

Line length represents split weight (least squares measure)

Sranan: the language of Suriname
A “creole” – created by African slaves and Europeans in Suriname from
English and Dutch

Can we recover known reticulation?

Recovering known reticulation

Bryant, Filimon & Gray, 2005

Cognate sets showing conflicting signal for the 
position of Sranan 

 
  

 “because” “dirty” “dog” “dull knife” “bad” 

Flemish 
Dutch 
Penn. Dutch 
German 
Sranan 
English 
Swedish 
Faroese 
Riksmal 

omdat
1
 

omdat
1
 

weil
2
 

weil
2
 

bika si 3 
becau se3

 
emedan

4
 

(av) ti (at)
5
 

fordi
6
 

vies
1
 

vuil
1
 

dreckich
2
 

dreckig
2
, schmutzig

3 

doti 4 
dirty 4

 
smutsig

3
 

skitin
5
 

skidden
5
 

hond
1
 

hond
1
 

huundt
1
 

hund
1
 

dagoe2 
dog 2

 
hund

1
 

hundur
1
 

hund
1
 

——— 
sto mp1 
schtuu mp1 
stu mpf 1 
sto mpo e1

 
dull

2
 

slog
3
 

ohvassur
4
 

slov
3
 

sleg 1 
slec ht 1 
schl echt 1 
schl echt 1 
slekt i1 
bad

2
 

dalig
3
 

illur
4
 

darlig
3
 

 

Cline of borrowability

Morphology & syntax

Phonology

Basic vocabulary

Lexical

Bantu language trees
– Bayesian MCMC sample
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A31         A43
A75     B25   C36 C61a C51 C57 D32           J15 J16

B11
B73   C34    C75      D25 J62 J23  F21 E62E72

H12 H16iH31 C84
H32H16hH31

 A32                   C41 C40

R11 K19     K14                         S45  N21

R31

R22

K11

S34                                       P31

B31                     C61b        D37          J13 J22       E51 E71
     J51 J53 J61                E55

B80 C71     D24           F23        E73 E74F22

L42  M54             P21

L33
D10

M15 M31
        K22    M42

S33  S42

S31       S53

S43

S41

S21

N31a
M64        N44
S44        S15

S10

M52      N42
 N31

A24

       G12 G31 G23
 G11 G34 G43

G35

N31b

West Bantu

East
Bantu

South West
Bantu

Central
Bantu

Non-Bantu

Shambala G23
Zigula G31
Ngulu G34
Kaguru G12
Gogo G 11
Luguru G 35
Nyakyusa M31 2
Yao P21 2
Digo E73 1
Giryama E72a 1
Hadimu G43c
Pokomo E 71 1
Sagala E 74b
Nyamwezi F 22
Sukuma F 21
Sumbwa F23
Mambwe M 15
Gikuyu E 51
Kamba E55
Caga E62 1
Hima J13
Zinza J 23
Haya J22H
Ganda J15
Soga J16
Rundi J62
Rwanda J61 1
Hunde J51
Shi J53
Lega D25 3
Ndebele S44
Swati S 43
Ngoni S45
Zulu S42
Xhosa S41
Tsonga S53
Sotho S33
Tswana S31
Lozi S34
Venda S21
Ndau S15
Shona S10
Nyanja N 31a
Nyasa N 31
Cewa N 31b
Kunda N42
Sena N44
Tumbuka N21 2
Makwa P31 1
Lala M 52
Lamba M54
Bemba M42
Kaonde L42
Luba L33
Songe D10S
Tonga M64 1
Binja D24 1
Lwena K14 1
Ndembu K 22 1
Ciokwe K11
Gangela K 19
Herero R31
Ndonga R22
Umbundu R 11 1
Sikongo H16h
Sundi H 16i 4
Yombe H12b 1
Yaka H 31 4
Yaka Kasongo H 31 2
Suku H 32
Madzing B 80Mp 1
Teke B73 5
Bakoko A43b
Fang A75 1
Duala A24 2
Puku A32 1
Kota B25 1
Mpongwe B 11a
Tsogo B31
Kela C75
Mongo Nkundo C 61 1
Mongo C61 3
Tetela C71 1
Lele C 84 1
Sakata C34
Doko C40D
Ngombe C 41
Lingala C36
Bira D32 2
Kumu D37 2
Bubi A31
Likile C 57
Mbesa C51
Ejagham 8 00
Tiv 8 02

West Bantu

South West Bantu

Central Bantu

East Bantu
73

45

19

23

44

95
100

97

18

46

27

100

99

53

67

100

100
6328

48 65

45

100

100

100

Holden and Gray, 2006
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Lexical - 92 item wordlist

“Grammatical ”  - 52 morphological &
phonological characters

“Grammatical” dataset

Bantu lexical NeighbourNet Bantu grammatical NeighbourNet

Languages and cultures are
not independent

Garland & Carter (1994) Ann. Rev. Physiol.

5. Ancestral state reconstruction: “Earth/soil”
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Ancestral states

Spread of cattle
among Bantu-

speakers

Mace and Holden 2005

6. Correlated evolution:
Functional dependencies of characters evolving on trees

e.g. does intensive agriculture lead to stratified societies?

= not intensive, non-stratified 

= not intensive, stratified

= intensive, non-stratified 

= intensive, stratified 

Tom Currie (UCL)

7. Test hypotheses about rates and processes

Atkinson et al (2008). Science Pagel et al (2007) Nature

Conclusions?

Supplement, not compete or
replace

The importance of collaboration
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