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 !Subgrouping in Nusa Tenggara

The Case of Bima-Sumba

EMILY GASSER
Yale University

 ! THE AUSTRONESIAN LANGUAGE FAMILY is one of the largest and most diverse in the world, 
but despite extensive historical work by scholars over the past century, much of its 
internal structure remains poorly understood. The Bima-Sumba (Bi-Su) subgroup, 
consisting of roughly twenty-seven Central Malayo-Polynesian (CMP) languages 
(Lewis 2009), was !rst proposed in 1938 by the Dutch language of!cer S. J. Esser 
as part of an atlas of colonial Indonesia. Although it has since been repeatedly cited 
in the linguistic literature, the !rst paper to investigate Bima-Sumba’s validity as a 
subgroup was by Robert Blust (2008), who concluded that this particular collection 
of languages is not in fact monophyletic; that is, they cannot be traced back to a 
single exclusive common ancestor. Here, I return to the question of Bima-Sumba’s 
existence as a legitimate and cohesive subgroup, using Bayesian phylogenetic tools 
to reconstruct a likely family tree using lexical data. These methods have not been 
uncontroversial (see, e.g., Eska and Ringe 2004), but have repeatedly been shown 
to be accurate and useful in historical linguistics (e.g., Dunn et al. 2008; Greenhill, 
Drummond, and Gray 2010; Greenhill and Gray 2009) and have recently been used 
to investigate historical hypotheses on a number of language families (e.g., Bowern 
and Atkinson, in press; Gray and Atkinson 2003; Gray and Jordan 2000; Rexovaì, 
Bastin, and Frynta 2006). The analysis presented here shows that when the Flores-
Lembata (FL) languages are included, Bima-Sumba does indeed constitute a single 
clade (i.e., a branch of the tree), contradicting Blust’s !nding. Based on this result, I 
propose the recognition of a new subgroup, Bima-Sumba-Flores (BSF), encompass-
ing all of the Bima-Sumba and Flores-Lembata languages. 

Subgrouping Hypotheses within CMP
Figure"5.1 illustrates schematic trees that show a simpli!ed version of the four main 
subgrouping hypotheses discussed below. Tree (a) represents Esser’s original classi-
!cation; (b) represents the current standard classi!cation, as listed in the Ethnologue; 
(c) is Blust’s proposed classi!cation; and (d) shows the Bima-Sumba-Flores hypoth-
esis presented here.1 Tree (e) is a simpli!ed excerpt of the Austronesian family tree 
produced by Gray, Drummond, and Greenhill (2009), which constitutes independent 
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 ! Figure!5.1 Five Subgrouping Hypotheses
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corroboration of the Bima-Sumba-Flores hypothesis. Further differences in higher-
level structure between their tree and the other modern hypotheses are discussed 
below. 

The Bima-Sumba-Flores languages belong to the Central Malayo-Polynesian 
branch of Austronesian. The !rst Bima-Sumba proposal appeared in 1938, when 
the Dutch colonial government in Indonesia published their Atlas van Tropisch 
Nederland. This volume included Esser’s categorization of a number of the languages 
of Indonesia into nineteen implicitly genetic groupings: seventeen Austronesian and 
two non-Austronesian (Esser 1938). The languages currently recognized as part 
of the CMP were divided by Esser into the Sula-Bacan, Ambon-Timor, and Bima-
Sumba groups. It is unclear how Esser arrived at his classi!cation, as he presents no 
supporting evidence for his decisions. His accounting of the languages of Indonesia 
was far from exhaustive, and his list of the Bima-Sumba languages includes six of the 
twenty-seven classi!ed as such in the Ethnologue (Lewis 2009).

Several con"icting subgrouping hypotheses regarding the Sula-Bacan and 
Ambon-Timor groups have been proposed since Esser (e.g., Blust 1981; Campbell 
2004; Collins 1983; Dyen 1965; Hughes 1987; Mills 1991). As these proposed 
groupings are not mutually compatible, in this analysis, I sample from the subgroups 
of CMP as listed in the Ethnologue, though the source of these groupings is not clear 
and they may well fail to hold up to further investigation. Nevertheless, sampling 
from this classi!cation ensures wide genetic and geographical coverage in the lan-
guages used here. 

Investigations of Bima-Sumba 
Bima-Sumba, however, has not received such scrutiny. Bima-Sumba has been gener-
ally accepted as a classi!cation for Bima2, Savu, and the languages of Sumba and 
western Flores (e.g., Forth 1988; Klamer 1994; Musgrave 2008), but little evidence 
has been presented to support its existence. Blust (2008), using the comparative 
method, was the !rst to examine Bima-Sumba. He compares four Bi-Su languages 
representative of the geographic span of the family and fails to !nd suf!cient num-
bers of exclusively shared innovations to support the existence of the subgroup, con-
cluding that it must be paraphyletic: there is no single common ancestor language 
from which these languages and no others descend. He does, however, propose a 
Sumba-Hawu subgroup, consisting of Savu and all of the languages of Sumba. Based 
on lexicostatistic evidence showing high levels of shared vocabulary with the Timor 
language Tetun, Blust asserts that Bima can only be included in a single subgroup 
with the other Bi-Su languages if a number of other members of Esser’s Ambon-
Timor family are added to the group as well. 

Con"icting evidence comes from Gray, Drummond, and Greenhill (2009), 
who present a phylogenetic analysis of the entire Austronesian family. They fail to 
!nd a single node exclusively denoting CMP, con!rming the proposals of several 
linguists (e.g., Blust 1993) that the group descends from a network of overlapping 
dialects rather than a single discrete language. Their tree supports the existence of 
BSF as a subgroup with all of the constituent languages proposed here, though their 
paper focuses on the geographic origins of Austronesian and large-scale patterns of 
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migration and settlement in the Paci!c, rather than questions of low-level language 
subgrouping. As such, Bima-Sumba goes entirely unmentioned in the text of this 
and subsequent articles by these authors and alternative hypotheses for the region go 
unexamined. That their tree and the one presented here should resemble each other 
is unsurprising, as they were based on similar methods applied to largely the same 
set of lexical data, though the dataset was expanded and cognate coding decisions 
revised somewhat for use here. 

The Bima-Sumba-Flores Hypothesis 
The analysis presented here differs from Blust’s (2008) in its methodology and from 
Gray, Drummond, and Greenhill (2009) in scope and aim. Instead of four representa-
tive languages, I included seventeen Bi-Su varieties in my sample. Blust hypothesized 
that a number of other Ambon-Timor languages must be included if a monophyletic 
clade descended from a single ancestor language is to be found; to test this claim I 
have included a number of languages from that now-discredited group, spoken both 
in close geographic proximity to Bima-Sumba and farther a!eld. My results support 
Blust’s proposal of a single clade containing all of the languages of Sumba. However, 
the tree groups Bima with Savu and the Sumba languages with high levels of sup-
port—therefore, rather than being a distant cousin of the other Bi-Su languages, 
Bima is deeply embedded in the subgroup and must be included if any of the Flores 
languages are to be considered part of the group. 

One point of revision suggested by these results concerns the Flores-Lembata 
languages. These were not listed by Esser (1938) as belonging to Bima-Sumba, 
and the Ethnologue classi!es Flores-Lembata as one of the primary branches of the 
Timor subgroup of CMP. The trees produced by this analysis show the FL languages 
grouping closely with the Bi-Su languages of Flores rather than the other Timor 
languages. In this respect, Blust was right; some Ambon-Timor languages must be 
included if a single ancestor node is to be found that dominates all of the traditional 
Bima-Sumba languages. However, by leaving out these Ambon-Timor languages, 
the languages of Flores are excluded from the subgroup, not Bima. It is on this basis 
that I propose Bima-Sumba-Flores as a monophyletic subgroup. 

Data and Methods
Geographic and Classi!cational Orientation
The phylogenic analyses on which this paper is based were conducted on data drawn 
from 29 of the 169 Central Malayo-Polynesian languages of eastern Indonesia 
(Lewis 2009), as well as two Western Malayo-Polynesian languages, Cebuano and 
Dayak Ngaju. These were included here as an outgroup to further illuminate the 
internal structure of CMP and BSF. The seventeen traditionally Bima-Sumba lan-
guages included in the sample represent the full geographic range of the subgroup. 
Twelve languages from Esser’s Ambon-Timor phylum were included as well, fall-
ing into the modern Timor and Aru subgroups. In all, this sample includes approxi-
mately 63 percent of the Bima-Sumba languages recognized in the Ethnologue, and 
17 percent of the total linguistic diversity of Central Malayo-Polynesian. Table"5.1 
lists the languages investigated in this paper. Unless otherwise noted, the data in this 
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 ! Table!5.1. 
Languages analyzed

Language ISO Location Speakers Classi!cation

1. Anakalang AKG southwestern Sumba 
Island

~14,000 Bima-Sumba

2. Baliledo1 n/a west-central Sumba 
Island

? Bima-Sumba

3. Bima BHP eastern Sumbawa 
Island

~500,000 Bima-Sumba

4. Gaura Nggaura2 KOD western Sumba Island ? Bima-Sumba

5. Kambera XBR eastern Sumba Island ~235,000 Bima-Sumba

6. Kodi KOD coastal western Sumba 
Island

~40,000 Bima-Sumba

7. Lamboya LMY southwest Sumba Island ~25,000 Bima-Sumba

8. Lewa3 XBR eastern Sumba Island ? Bima-Sumba

9. Lio LJL central Flores ~130,000 Bima-Sumba

10. Mamboru MVD northwest Sumba Island ~16,000 Bima-Sumba

11. Manggarai MQY western Flores ~500,000 Bima-Sumba

12. Ngadha NXG south-central Flores ~60,000 Bima-Sumba

13. Pondok4 n/a central Sumba ? Bima-Sumba

14. Savu HVN Hawu & Raijua Islands, 
eastern Sumba

~20,000 Bima-Sumba

15. So’a SSQ central Flores ~10,000 Bima-Sumba

16. Wanukaka WNK southwest Sumba ~10,000 Bima-Sumba

17. Wewewa5 WEW interior western Sumba ~65,000 Bima-Sumba

18. Kédang KSX Lembata Island ~30,000 Timor (FL)

19. Lamaholot6 SLP eastern Flores, west 
Solor Island

150,000 Timor (FL)

20. Sika SKI eastern Flores ~175,000 Timor (FL)

21. Atoni7 AOZ western Timor ~586,000 Timor

22. Erai8 ILU Wetar Island ~1,400 Timor

23. Kisar KJE Kisar Island ~20,000 Timor

24. Letinese LTI Leti Island ~7,500 Timor

25. Mambai MGM eastern Timor ~80,000 Timor

26. Roti9 TWU Rote Island ~30,000 Timor

27. Tetun TET eastern & central Timor ~400,000 Timor

28. Ngaibor10 n/a Aru Islands ? Aru (?)

29. Ujir UDJ Aru, Ujir, & Wokam 
Islands

~980 Aru

30. Cebuano CEB Philippines ~15,800,000 WMP

31. Dayak Ngaju NIJ Kalimantan ~890,000 WMP
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table!comes from the Ethnologue. Speaker counts may be up to twenty-"ve years old 
and are intended as approximations only. Figure!5.2 shows the approximate positions 
of these languages on a map of eastern Indonesia. 

The Choice of Languages 
In order to produce as clear a picture as possible of the internal structure of the Bima-
Sumba subgroup, it was necessary to include data from as many Bi-Su languages as 
feasible; therefore, all Bi-Su varieties with suf"cient available data were used. These 
seventeen varieties include "fteen individual languages, of which two, Kodi and 
Kambera, are represented by two dialects each. Within the Timor and Aru subgroups, 
languages were chosen to ensure the geographic and genetic breadth of the sample. 
Once the "nal list was compiled, only three languages were missing data for 5 per-
cent or more of the 191 word meanings included: Erai (7 percent), Ujir (9 percent) 
and Mambai (15 percent). Cebuano and Dayak Ngaju were chosen as outgroups 
because they were well-attested and, while suf"ciently closely related to CMP to 
be illuminating, are clearly not a part of the family. These languages’ geographi-
cal distance from the CMP group means they are unlikely to share traits as a result 
of contact, and that they did not participate in local trading and political networks, 
another possible source of transmission. In particular, Cebuano is unlikely to show 
unidenti"ed loans from Standard Indonesian, as it is spoken outside of Indonesia.

Wordlist Compilation 
The data used in this analysis was retrieved with permission from the Austronesian 
Basic Vocabulary Database (Greenhill, Blust, and Gray 2008), a collection of lexi-
cal data from languages of the Paci"c. The wordlist for each language includes 210 
basic vocabulary items from a range of semantic "elds; the level of completeness 

 ! Figure!5.2 Language Map
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varies from language to language. These entries are coded for cognacy with the other 
languages of the database. Here again, the level of completeness varies. Known loan-
words are marked as such. 

Within each of the languages sampled for this analysis, synonyms were removed 
so that each list had only one entry per English meaning. While some researchers 
prefer to include multiple entries for a single lexical meaning, doing so raises issues 
concerning how exact synonymy must be to include more than one entry per mean-
ing in a language, which it is impossible to address given the data available here. 
Furthermore, the number of synonymous forms varies greatly language-to-language, 
from Anakalang, with one or no entries attested per meaning, to Lewa, with 289 
total entries for the 210 lexical meanings. Therefore, all synonyms were excluded to 
ensure consistency. Those meanings with entries in less than half of the languages or 
with more than half of their entries not already coded for cognacy were also excluded. 
Entries that were removed across all languages included the words for if, to count, 
branch, and numbers over four. 

Likely loan words were coded as unique states rather than shared traits. 
Undetected loan words can confuse a phylogenetic analysis by creating the appear-
ance of shared descent where no such relationship exists. The appearance of loans 
in the data set is minimized by using basic vocabulary items, such as words for 
body parts, basic kinship terms, simple verbs, colors, and low numbers, as basic 
vocabulary is slower to evolve and more resistant to borrowing than other parts of the 
lexicon (Swadesh 1952). Additionally, failure to recognize some loans will not prove 
fatal. Bowern et al. (2011) demonstrated that, cross-linguistically, loan rates in basic 
vocabulary are low, with a median of 2.49 percent of items for the languages in their 
sample. Greenhill, Currie, and Gray (2009) have shown that Bayesian phylogenetic 
analyses are able to reliably estimate tree topology on datasets with a borrowing rate 
of up to 30 percent per thousand years. Based on Bowern et al.’s (2011) results and 
the fact that loans were explicitly identi!ed in this dataset and coded as unique states 
rather than shared features, it is unlikely that enough unidenti!ed loans remain in the 
data to have a signi!cant effect on the analysis. 

Coding Decisions 
The majority of entries were already coded for cognacy in the ABVD. Cognates are 
homologous words descended from a common form in an ancestor language, and 
their existence can be deduced based on the existence of regular sound correspon-
dences between multiple forms in the languages in question.3 With few exceptions, 
the existing cognate judgments from the ABVD were retained in this analysis. A 
small number of items had been miscoded: some noncognate forms were labeled as 
cognate despite the lack of regular sound correspondences to support their common 
descent, while other cognate groups failed to be identi!ed. These were identi!ed 
based on the sound correspondences observable in the wordlists and corrected. I 
coded items that remained uncoded in the ABVD so that a full wordlist could be 
analyzed. In all, coding was changed or added for 24 percent of lexical entries.4 

To determine the existence of a cognate relationship, sound changes were 
deduced from the list itself, with stringent standards for deciding that two forms were 
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cognate. The regularity of correspondence is a fact independent of the subgrouping 
inferred from those correspondences; the purpose of the phylogenetic algorithms is to 
deduce the most likely direction of change from the correspondence sets found in the 
data. Where a plausible potential relationship existed between forms, the lists were 
checked for evidence (i.e., regular sound correspondences) to support the existence 
of a regular correspondence between the differing segments. Ideally, all segments in 
a word should follow the regular correspondence pattern in order to be deemed part 
of a cognate set. Sometimes this was not possible, due to an opaque, environment-
driven history of sound changes, sporadic irregular developments, or because the 
limited dataset did not yield suf!cient comparable examples of a given sound, in 
general or in a speci!c environment, to establish what the expected corresponding 
phoneme should be. In these borderline cases, the vast majority of segments had to 
!t with the established correspondence set for the form to be deemed cognate. Where 
the supporting evidence was insuf!cient, the forms were coded as unrelated.

A small sample of the !nal coded data is included for illustrative purposes in 
table"5.2. Words in the same row marked with the same number are judged to be 
cognate. For example, the words for ‘old’ here are judged to be cognate in Bima and 
Tetun, as well as in Sika and Ngadha, while Kambera has an unrelated form. All !ve 
languages share cognate forms for ‘egg’, while none do for ‘to grow’. The Ngadha 
word for ‘feather’ is a loan from Dutch and thus coded as a unique state even if other 
languages in the set have also borrowed that word. There is no word listed in the 
dataset for ‘to grow’ in Tetun. 

 ! Table!5.2.
Sample data (cognate judgements)

Word Bima Sika Ngadha Kambera Tetun
‘old’ tua

1
blupur
2

bupu
2

kawiada
3

tuan
1

‘to vomit’ lohi
1

muta
2

muta
2

mutta
2

muta
2

‘egg’ dolu
1

telo
1

telo
1

tilu
1

tolun
1

‘feather’ kere
1

wulu!
2

feder
3 [loan]

wulu
2

rahun
4

‘to grow’ mori
1

tawa
2

mézé
3

tumbu
4

--
X

Only presence or absence of each cognate in each language is passed on to 
the computational model, as opposed to the words themselves or the sound changes 
involved. To encode this information, the original multistate cognate coding was next 
converted into a binary matrix. Table"5.3 shows the coding for the meaning ‘old’ for 
the same !ve languages, converted into binary. Unlike table"5.2, in which each row of 
the table"is a lexical meaning and each cognate set is represented by a different num-
ber within the row, here each row is a single cognate set. A ‘1’ in a language’s column 
indicates the presence of that cognate in the language; a ‘0’ indicates its absence. 
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 ! Table!5.3. 
Sample data  for ‘old’, with coding converted to binary

Word Bima Sika Ngadha Kambera Tetun
Cognate set 1: tua/tuan 1 0 0 0 1
Cognate set 2: blupur/bupu 0 1 1 0 0
Cognate set 3: kawiada 0 0 0 1 0

Analysis 
The wordlist codings were then converted to binary and analyzed using two methods: 
NeighborNet, as implemented in SplitsTree (Huson and Bryant 2006) and a sto-
chastic Dollo model, implemented in BEAST (Drummond and Rambaut 2007). The 
resulting structures are reproduced below as !gures 5.3 and 5.4, respectively. These 
models are discussed below. 

NeighborNet 
The NeighborNet agglutinative hierarchical clustering algorithm, implemented 
in SplitsTree (Huson and Bryant 2006), was used to give a network representa-
tion of relationships between the languages in question. Unlike Bayesian meth-
ods, NeighborNet is distance-based, taking into account the degree of similarity 
between languages rather than the possible evolutionary paths necessary to produce 
the attested state of affairs. A split is a division of the taxa under analysis into two 
(nontrivial) subsets, as when the proto-language A divides into two daughter lan-
guages B and C, each of which in turn may have several descendant languages. In 
NeighborNet, as with other split networks, splits in the tree are represented not by 
single branches but by parallel edges. The weight of each split is re"ected by the 
length of the associated edges, similar to branch length in a tree diagram. The result-
ing network gives only an implicit representation of the evolutionary history of the 
associated taxa rather than an explicit one, as a tree model does. Individual nodes in 
the network may well not represent discrete ancestor languages, only possible splits. 
Such models are useful in representing inconsistent or ambiguous signals in the data 
set; the more compact and tree-like the structure of the network, the less con"icting 
data is present in the analysis. The network produced by the NeighborNet algorithm 
is shown in !gure#5.3. 

MCMC Phylogenetic Models 
Phylogenetic models such as the ones used here were originally developed to test 
evolutionary models in biology. These models, which use Bayesian methods to infer 
the most likely evolutionary history leading to the attested state of affairs, have been 
used in linguistics to test a range of historical hypotheses (see, e.g., Bowern and 
Atkinson, in press; Gray and Atkinson 2003; Gray, Drummond, and Greenhill 2009; 
Holden and Gray 2006; Kitchen et al. 2009; Rexová, Bastin, and Frynta 2006; Ringe, 
Warnow, and Taylor 2002). Dunn et al. (2008) and Greenhill, Drummond, and Gray 
(2010) have shown that phylogenetic methods can faithfully reproduce generally 
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accepted trees constructed using the comparative method, proving their usefulness 
for inferring linguistic as well as genetic evolution. For a more extensive discussion 
of the use of phylogenetic methods to reconstruct cultural traits such as language, 
see Nunn (2011). 

Once the data are coded, the analysis begins by specifying a stochastic model 
of evolution. The set of parameters describing the model speci!es the rates of cog-
nate gain and loss over time, represented as transition probabilities for each charac-
ter. Rather than requiring a single constant rate, a distribution of rates may be used 
to account for the differences in rates of change between speci!c cognate sets and 
between branches of the tree (Greenhill and Gray 2009). Additional parameters may 
be used to specify rates of speciation or to describe other aspects of the evolutionary 
process (Dunn et al. 2008). These parameters are not presumed by the method; it is 
up to the researcher to determine appropriate parameters to use in an analysis. 

The aim of the analysis is to determine the set of trees that best explains the 
observed data under the given model of evolution. If the set of languages being eval-
uated is of nontrivial size, it is impossible to directly inspect and evaluate every 
possible family tree, as their numbers quickly balloon with each added language. 
Assuming a strictly binary-branching tree structure, the number of possible trees for 

 ! Figure!5.3 Unrooted Distance-Based Network
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a set of n languages can be calculated by the following formula (Graham and Foulds 
1982): 

! !
!!

( )!
( )!

2 2
2 11

n
nn

For example, the number of possible trees for a set of !ve languages is 105; if there 
are 50 languages being considered, the number of possible trees is larger than the 
number of atoms in the universe (Greenhill and Gray 2009). For the set of 31 lan-
guages analyzed here, there are 2.9 " 1040 possible trees. 

To avoid the computationally intractable#problem of trying to complete a search 
over such an impossibly large number of states, a Bayesian Markov Chain Monte 
Carlo method is used instead to sample the space of possible trees and return those 
with the highest likelihood scores. The process begins with a single random tree. At 
each step, some small change or changes are made, altering for example the topol-
ogy of the tree, its branch lengths, or the model parameters. The likelihoods of the 
new and old trees are compared, with the search algorithm preferentially selecting 
the tree with the higher likelihood. This process is iterated many times, so that trees 
are sampled in proportion to the posterior probability distribution. In contrast to 
the network produced by NeighborNet, Bayesian trees contain temporal informa-
tion, and each node represents a hypothetical ancestor language. Sampled trees are 
recorded only intermittently in order to avoid the auto-correlation that comes from 
the Markov chain aspect of the procedure and make the recorded samples statistically 
independent. As the early trees are highly dependent on the starting parameters of the 
model, approximately the !rst 20 percent of sampled trees are discarded as burn-in 
(Greenhill and Gray 2009). These trees can be examined as a set, or a consensus tree 
can be constructed from them. 

For this analysis, a stochastic Dollo model (Nicholls and Gray 2006, 2008) was 
implemented using the BEAST program (Drummond and Rambaut 2007). This 
model allows each trait (i.e., cognate set) to arise only once in the tree, such that the 
only possible progression of a trait is from absence to presence to absence. Since the 
total number of distinct traits generated by the model is random, this number is infor-
mative of the relative rates of cognate birth and death. A Bayes Factor Comparison 
(Suchard, Weiss and Sinsheimer 2001) shows the stochastic Dollo model to !t the 
data 176 times better than a covarion model and 259 times better than a binary simple 
model. 

The data was processed with a chain length of !fty million iterations, sampling 
every one thousand trees. The derivation was set to begin from a UPGMA distance-
based tree using a Yule prior (Yule 1925). Based on Greenhill and Gray’s (2009) 
estimate of the age of Proto Malayo-Polynesian at about 4,300 years before pres-
ent, which is consistent with an age of roughly 5,500 years for Proto-Austronesian 
(Blust 1995; Greenhill and Gray 2009; Pawley 2002), a root age of 4,500 years was 
set for the initial tree in the chain. Because of their extremely high rate of lexical 
divergence from the rest of the languages, preliminary analyses had placed the Aru 
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clade outside the WMP outgroup on the tree, in a position more appropriate to the 
Austronesian languages of Taiwan. Therefore, the CMP languages were enforced as 
a monophyletic group in this analysis to re!ect our existing knowledge of the his-
tory. The maximum clade credibility tree constructed from the resulting distribution 
is given in "gure#5.4, with the number at each node representing the posterior prob-
ability for that split.

Results 
The network produced by NeighborNet, which is presented here as "gure#5.3, shows 
a treelike structure with a delta score of 0.284 (a lower delta score indicates a more 
treelike structure). This is an unrooted structure, and so does not explicitly show 
branchings in the tree nor include any temporal information, but the major sub-
groups clearly cluster together; the three Flores-Lembata languages, the western/
central Flores languages, and the Sumba languages each appear grouped together, 
with the Sumba languages further dividing geographically into far-eastern, central-
eastern, and western groups. The Timor (minus Flores-Lembata) and Aru groups also 
receive support. The Western Malayo-Polynesian outgroups, Cebuano and Dayak, 
appear grouped together beside Aru. The highest level of con!icting signal is among 
the Sumbanese languages, which may in some cases more accurately be considered 
members of a dialect network. These languages developed in dense geographical 
proximity with intense continuing contact and multilingualism.

 ! Figure!5.4 Stochastic Dollo Maximum Clade Credibility Tree
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The Bayesian tree, shown in !gure"5.4, shows a geographic split within the 
traditional Bima-Sumba subgroup, with Bima, Savu, and the Sumbanese languages 
comprising one clade and the languages of Flores, including the Flores-Lembata 
languages, forming another. The inclusion of the FL languages within BSF rather 
than the Timor subgroup is a novel result, though no argument has been made to date 
for their inclusion within Timor. Bima, found on the island of Sumbawa, does not 
fall clearly in one group or another on geographic grounds. Savu is also relatively 
geographically isolated; it is spoken mainly on Hawu Island to the east of Sumba, 
as well as in small enclaves on the eastern coast of Sumba and on small neighbor-
ing islands (Lewis 2009). Again, see !gure"5.2 for a map of these languages. These 
patterns closely resemble those found in the tree produced by Gray, Drummond, and 
Greenhill (2009), as discussed above.

Based on these structures, it is more accurate to refer to a Bima-Sumba-Flores 
subgroup, encompassing all of the current Bima-Sumba and Flores-Lembata lan-
guages. This newly recognized subgroup has two primary branches: Bima-Savu-
Sumba (BSS), including Bima, Savu, and the languages of Sumba; and Flores, 
including all of the languages of Flores and its satellite islands. 

Finally, a Bayes Factor Comparison (Suchard, Weiss, and Sinsheimer 2001) was 
conducted using the Tracer program (Drummond and Rambaut 2003) to compare the 
likelihoods under the stochastic Dollo model of the four proposals represented in !g-
ure"5.1. The tree representing the Bima-Sumba-Flores proposal was shown to be 40.1 
times more likely than Blust’s proposal, 11.9 times more likely than the classi!cation 
presented in the Ethnologue, and 11.2 times more likely than Esser’s proposal. That 
is, under the model that, as shown above, best !ts the data, the BSF proposal is an 
order of magnitude better than its next most likely competitor.

Conclusion 
This paper has presented the results of a Bayesian phylogenetic analysis of twenty-
nine Central-Malayo-Polynesian languages, which supports the existence of a single 
monophyletic subgroup encompassing Bima, Savu, the languages of Sumba, and the 
languages of Flores. Bima is not, as has previously been argued, only a distant cousin 
of these languages, and groups much more closely with the languages of Sumba and 
Hawu than those of Timor. As the Flores-Lembata languages appear in the resulting 
trees embedded within Bima-Sumba, I propose renaming the group Bima-Sumba-
Flores to re#ect its full geographical range. Contrary to Blust’s !ndings, the remain-
ing Ambon-Timor languages tested here are shown not to be a part of the subgroup. 

Bayesian methods have already shown their utility in other sub!elds of linguis-
tics; for example, in modeling aspects of grammar such as morphology (Johnson, 
Grif!ths, and Goldwater 2007, etc.) and word segmentation (Johnson and Goldwater 
2009); child language acquisition (Kemp, Perfors, and Tenenbaum 2007) and human 
sentence processing (Narayanan and Jurafsky 2004); and for use in natural language 
processing applications such as sentence parsing and machine translation (Finkel, 
Manning, and Ng 2006). Within historical linguistics, Bayesian phylogenetic tools 
have proven a valuable complement to the traditional comparative method. By quan-
tifying the uncertainty implicit in any linguistic family tree and presenting it overtly 



 76 Emily Gasser

as the set of posterior probabilities, these methods make explicit the status of the 
family tree as a hypothesis, and show clearly which aspects of the classi!cation 
are highly certain and which are less so. Further uses include dating the resulting 
trees, locating the homeland for a language family, and tracing routes of migration 
(Bouckaert et al. 2012), as well as investigating relative rates of change between 
languages, subgroups, and lexical items or other linguistic features (Pagel, Atkinson, 
and Mead 2007). Used in combination with traditional techniques, Bayesian phylo-
genetics can shed new light on standing questions of language change.
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Notes
1 While these trees include the Timor and Aru subgroups, the hypothesis presented here claims only 

that they are distinct from Bima-Sumba-Flores. Any other details of their structure and relative posi-
tions are beyond the scope of this paper. Similarly, the cohesion of Central Malayo-Polynesian itself 
is also debated (see, i.e., Gray, Drummond, and Greenhill 2009); its existence as a single node in the 
tree is not at all crucial to this hypothesis.

2 Many of these languages have several alternate names and are referred to differently across the avail-
able sources. Here I call the languages by the names used in the ABVD, with ISO codes listed in 
table!5.1 for reference.

3 For further discussion of the comparative method and identi"cation of lexical cognates, see, for 
example, Crowley and Bowern (2010).

4 This number is somewhat misleading, as items judged to be unique states (those lacking cognates in 
other languages) are generally left uncoded in the ABVD, as they are uninformative to the analysis. 
Coding was added for those items here, whether or not they were revealed to be cognate with others 
in the sample.
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