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INTRODUCTION
Since the post-glacial coastline stabilised around 8,000 years ago, south-eastern
Sunda and north-western Sahul have developed into a maritime region today
called Insular Asia or Island Southeast Asia (ISEA), a region encompassing more
than 25,000 islands (Voris 2000). From around 4,000 years before present (bp),
the development of long distance seafaring technologies placed ISEA at the
heart of new maritime corridors that crossed vast swaths of two oceans: the
Indian Ocean to the west and the Pacific Ocean to the east (Beaujard 2012a,
2012b; Fuller et al. 2011; Lawler 2014). As new trade routes linked East Africa,
South Asia, the islands of Southeast Asia, Australia, Melanesia and Polynesia,
the Indo-Pacific region became one of the first regions where maritime
networks connected far distant continents, thus initiating one of the world’s
earliest proto-globalisation processes (Beaujard 2012a, 2012b). These cultural,
trading and population exchanges were, and still are, based on a strong network
of maritime interactions (Bulbeck 2008; Nuraini 2008; Solheim et al. 2006;
Stacey 2007). At its inception, this network likely stimulated the emergence of
sea-oriented peoples, including sea nomads, which played such an important
role in the development and structuring of population interactions in the IndoPacific region.
Several human groups in ISEA have long maintained a sea-oriented way
of life, often based on fishing (maritime hunter-gatherers) and facilitators of
inter-regional trade. Most of these groups are still connected to a land-based
homeland territory, with the exception of the Sama Bajau (hereafter called the
Bajau) (Blust 2007; Nuraini 2008). The main other sea nomad groups include
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the Moken, an Austronesian-speaking group located in peninsular Burma and
southern Thailand, and the Urak Lawoi, a Malay-speaking population based
around the islands of southern Thailand. The Bugis, an Austronesian speaking
group originating in southern Sulawesi in eastern Indonesia, are still famous
seafarers and maritime transporters (Hogan and Pattemore 1988; Larish 1999;
Pelras 1997) although they cannot be classified as sea nomads. Unlike the Moken
and Urak Lawoi, the Bajau do not have any clear ancestral homeland, and despite
several hypotheses, their geographic origin remains unknown (Nuraini 2008;
Sopher 1977).
The Bajau currently number approximately 1.1 million people, who live in
numerous scattered hamlets and villages along the coasts across the Indonesian
archipelago, as well as Sabah (Malaysia) and the southern Philippines (Sulu
Archipelago and south-western Mindanao). The largest community, with
350,000 individuals, is located in Sabah. In Indonesia, the Bajau presence extends
over a wide geographical area, from Kangean archipelago (near Madura, East
Java) as the most western settlement, to coastal Sulawesi, the Maluku Islands and
the Lesser Sunda Islands of Lombok, Sumba and Flores to the east. Some villages
have even recently been identified on the northern coast of the Indonesian Papua
province (Nuraini 2008) (Figure 7.1). The Bajau are the only minority group in
ISEA that is so widely dispersed.
Some distant Bajau communities know of each other’s existence (for instance,
the Bajau from Sabah are aware of Bajau populations in Sulawesi, although they
do not have family links), but these connections are not universal (for instance,
the Sabah Bajau do not know of Bajau in the Lesser Sunda Islands). Nevertheless,
interactions still take place at a regional level (e.g., between Kangean Island and
South Sulawesi Bajau, or between East and North Kalimantan and the Sulu
Archipelago). Notably, the geographic distribution of Bajau communities
overlaps a zone of extraordinary marine biodiversity, and unsurprisingly, Bajau
villages were historically situated near coral reefs.
The activities of the Bajau are played out at the ‘maritime frontier’, defined by
Nagatsu (2013) as a socio-ecological space where a minority group can exploit
and trade maritime resources, while avoiding pressure from central authorities.
The Bajau economy has been based on exploiting marine resources—including
fish, tortoise shell and trepang or sea cucumber—at least since the seventeenth
century (Nuraini 2008; Stacey 2007). However, the Bajau almost certainly have
an older presence in the region. Historically, Bajau fishers and/or seamen were
associated with Bugis traders and/or ship owners. They were well known for
travelling with their families, even on long distance journeys. Before European
sailors began venturing into Southeast Asia, the Bajau were involved in long
distance maritime trading networks reaching as far as New Guinea and northern
Australia (Nuraini 2008; Stacey 2007). Some scholars have even suggested that
the Bajau may have mediated westward dispersals into the Indian Ocean, perhaps

Figure 7.1 Geographic distribution of Bajau communities in Island Southeast Asia (dark grey) and the Kendari population in south-western Sulawesi (black star).
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playing a role in the settlement of Madagascar (Kusuma et al. 2015). Because
this spans such a large geographical region, they may have integrated individuals
from these very different locations into their communities (Macknight 1973;
Stacey 2007). Nowadays, most Bajau communities are sedentary, even if they
still undertake long distance boat travel for fishing campaigns, trade or family
meetings. This change in lifestyle mostly occurred from the 1950s, driven by
Indonesian government policies lasting until the 1980s, and probably started
earlier in Sabah where some Bajau groups have adopted an entirely inland
lifestyle and shifted to agriculture (Nuraini 2008).
Sociological and linguistic studies have shown that remote insular regions,
such as the Kangean Islands, use the Bajau language as a lingua franca among
their various communities. In many regions where Bajau communities are
present, their language has mixed with those of neighbouring ethnic groups, in a
process that has been called ‘maritime creolisation’ (Nagatsu 2013). Many Bajau
communities in Sulawesi and the eastern coast of Borneo are mixed, including
individuals from other ethnic groups (Bugis, Butonese, Mandarese, Javanese,
etc.). Indonesian Bajau vocabulary shows many borrowings from Bugis, pointing
to a long period of language contact. On the other hand, no loanwords from Bugis
are known in the Sama Bajau of Sulu (Philippines), although these languages
have exchanged a significant amount of vocabulary with Tausug, a language
from Mindanao (Pallesen 1985). Unsurprisingly, Tausug has not contributed to
the vocabulary of Indonesian Bajau. Although the Indonesian Bajau live closely
and often intermarry with other indigenous peoples from the same area (for
instance, Dayak in Kalimantan, Madurese in Kangean and Bugis or Makassarese
in Sulawesi) and are sometimes located at some distance from other Bajau groups,
these communities retain their sea-oriented way of life and language (Noorduyn
1991). The Bajau all speak related languages in the Sama Bajau subgroup of the
West Malayo-Polynesian branch of the Austronesian language family (Adelaar
2005; Lewis et al. 2015). The Sama Bajau subgroup includes nine dialects (Lewis
et al. 2015; Pallesen 1985), which are not all mutually intelligible, and have
highest diversity in Sabah and the southern Philippines (Pallesen 1985). Due to
a lack of data, Pallesen identified only one Indonesian Bajau language (against
three in Sabah and five in the Philippines), while in fact, Sama Bajau languages
in Indonesia comprise two different dialects. One of them, spoken on the North
Kalimantan coast and north coast of North Sulawesi, is closely related to the
Philippines Sulu dialects (Inner Sulu Sama and Southern Sama).The Flores Sea
Bajau dialect is spoken by communities in Sulawesi (including Tomini Bay, but
excluding the north coast), Kangean, the Lesser Sunda Islands, West Timor and
Maluku. The Flores Sea Bajau dialect contains many Bugis loanwords, indicating
extensive contact.
The Bajau have no written history and their oral tradition is largely based
on epic song (iko iko), which says little about their early history. There are rare
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records from European sailors/explorers from the sixteenth century onwards
that connect Bajau with the Makassar and Bugis kingdoms in South Sulawesi
(Nuraini 2008). In addition, there is indirect evidence for a presence of Bajau in
regions other than southern Sulawesi earlier than the sixteenth century. These
mainly rely on linguistic evidence and oral tradition (such as the iko iko), and
suggest that the Bajau may have settled the Sulu Archipelago in the southern
Philippines by the thirteenth century to control the northern spice route to
China (Blust 2007). Their earlier movements remain essentially unknown.
Nevertheless, five hypotheses have been proposed to explain the different
possible origins of the Bajau and their diaspora (Nuraini 2008; Sopher 1977).
The hypotheses below describe five different regions—some mentioned in the
oral history of the Bajau—and may reflect the locations visited during later
trading activities, rather than their actual places of origin (Nuraini 2008).
Briefly, the proposed scenarios are:
(i)
The Johore princess hypothesis (oral tradition), which locates the origin
of the Bajau in the Malay peninsula near the Riau-Lingga Archipelago
(Sopher 1977).
(ii)
The Sulu Archipelago hypothesis, which places the origin of the Bajau
in the southern Philippines. The highest Bajau linguistic diversity is
found there, indicating that they settled there centuries ago, although a
Philippine origin can now be ruled out (Pallesen 1985).
(iii) The western hypothesis (oral tradition), which suggests an origin in India
or Arabia.
(iv) The Pigafetta hypothesis from 1521, which places the origin of the Bajau
in northwest Borneo (Brunei) (Nuraini 2008).
(v)
The southeast Borneo/Barito origin, based on modern linguistic evidence
(Blust 2007).
Of all five hypotheses, the southeast Borneo hypothesis (hypothesis v) seems most
well supported by multiple lines of evidence, including linguistic, historical and
paleo-environmental data, as summarised by Blust (2007). In this hypothesis,
the ancestors of the Bajau once inhabited the coastal regions of south-eastern
Borneo where a gulf previously extended 100 kilometres further inland (Van
Bemmelen 1949; Hall 2017). The Bajau dispersal may have been stimulated
by contact with the Malay kingdom of Śrīvijaya from the seventh century
onwards, leading the Bajau to play a key role in the spice trade from eastern
Indonesia through the southern Philippines to Borneo. Similar causes may have
also triggered the dispersal of southeast Barito language speakers from southeast
Borneo, causing them to settle on Madagascar (Brucato et al. 2016; Kusuma et
al. 2016a). Building on Blust’s hypothesis of a southeast Borneo/Barito origin,
Nuraini (2008) suggested that the Bajau may have moved up the east coast
of Borneo in the eleventh century before settling in the southern Philippines
and northeast Borneo in the thirteenth to fourteenth centuries, later pushing
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southward to southern Sulawesi before the fall of the Makassar kingdom in 1669
triggered yet another dispersal further south into the Lesser Sunda Islands and
up the east coast of Sulawesi. However, this hypothesis has not been tested, as no
archaeological or genetic studies have yet been performed.
Genetic studies on sea nomad populations from Southeast Asia are scarce.
One study analysed the mitochondrial DNA (mtDNA) of sea nomad Moken
from southern Thailand, showing that they mixed with neighbouring
indigenous populations (Dancause et al. 2009), a group of traditionally boatdwelling nomadic foragers, remain speculative despite previous examinations
from linguistic, sociocultural and genetic perspectives. Kusuma et al. (2015)
conducted a study of the mtDNA and paternal Y chromosomes of Bajau sea
nomads from Sulawesi. The only study of autosomal DNA is preliminary, with
a discussion restricted to potential implications for the Malagasy settlement
(Pierron et al. 2014). Bajau genetic history deserves to be investigated to better
understand their origin, admixture with regional groups, and their broader
biological influence across ISEA.
Here, we summarise genetic analyses performed on 27 Bajau individuals from
the Kendari region of south-eastern Sulawesi, who self-identify and are identified
by others as Bajau. We report uniparental (mtDNA and the Y chromosome)
markers, together with over 700,000 autosomal markers, which were studied to
better understand the origins and genetic structure of the Kendari Bajau. This
study specifically aims to:
(i)
Investigate the genetic diversity of the Bajau in eastern Sulawesi and
thereby place them within the wider genetic diversity of ISEA.
(ii)
Determine whether the genetic diversity of the Bajau reflects maritime
creolisation, as suggested from socio-ethnological work.
(iii) Help to disentangle the various hypotheses regarding the geographic
origin of the Bajau.

MATERIAL AND METHODS
population samples

All samples analysed in this study were collected with informed consent from
unrelated individuals. Subjects were surveyed for language affiliation, current
residence, familial birthplace and a short genealogy of four generations to
establish regional ancestry. A total of 27 DNA samples were analysed from the
sea nomad Bajau living in Kendari Province of south-eastern Sulawesi, Indonesia.
The collection and use of these samples were approved by the Research Ethics
Commission of the University of Kendari. Data for additional Indonesian and
regional populations were included from published and unpublished sources
(see Kusuma et al. 2015 and Kusuma et al. 2016a for a full description). The
complete regional dataset comprises 2,841 and 2,095 individuals for mtDNA
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and Y chromosome analyses, respectively, and 2,183 individuals from 61
populations for analyses of autosomal markers.
dna extraction, sequencing and genotyping

Saliva samples were collected using the Oragene DNA Collection kit (http://
dnagenotek.com) and DNA was extracted using the manufacturer’s standard
protocol. Genetic analyses were conducted on mtDNA, Y chromosome and
autosomal markers. The mtDNA hyper-variable region I was sequenced using
primers detailed in a previous publication (Kusuma et al. 2015), together with
paternal lineages analysed using 96 binary markers on the Y chromosome.
Genome-wide autosomal genotypes were screened using the Illumina Human
Omni Express-24 v.1.0 Bead Chip (Illumina Inc., San Diego, CA, USA), which
surveys 730,525 single nucleotide polymorphism (SNP) markers spaced regularly
across the genome (Kusuma et al. 2016a).
statistical analysis

Uniparental genetic data were analysed by calculating pairwise FST distances
between Indonesian and other regional populations from haplogroup frequency
data using Arlequin v.3.5. Multidimensional scaling (MDS) from FST values
based on mtDNA and Y chromosome haplogroup frequencies was performed to
visualise inter-population relationships.
Autosomal data were computed in ADMIXTURE v.1.23 (Alexander et al.
2009) to estimate the profile of individual genomic ancestries using maximum
likelihood (components 2 ≥ K ≤ 20). Ten replicates were run at each value of K
with different random seeds, then merged and assessed for clustering quality using
CLUMPP v.1.1.2 (Jakobsson and Rosenberg 2007). A cross-validation value
was calculated to determine the optimal number of genomic components (here,
K = 15). Gene flow between populations was investigated using two different
approaches: (i) SNP frequencies analysed using TreeMix v.1.12 (Pickrell and
Pritchard 2012), with blocks of 200 SNPs to account for linkage disequilibrium
and migration edges added sequentially until the model explained 99% of the
variance (the TreeMix outputs in Newick format were visualised with FigTree
v.1.4.2); and (ii) haplotype sharing using the Refined IBD algorithm of Beagle
v.4.0 visualised with Cytoscape v.3.2.1 (Shannon et al. 2003) to estimate the
total number of shared genetic fragments (logarithm of odds ratio > 3) between
each pair of individuals. Reconstructing haplotype information (i.e. determining
linkage between different polymorphisms) was performed using SHAPEIT v.2
(Delaneau et al. 2013). The maps were generated with the Global Mapper v.15
software. Networks lines were generated by Cytoscape v.3.2.1.
Haplotype ‘painting’ with Chromopainter v.2 (Lawson et al. 2012) was
performed to define each cluster of populations as either a target or donor/
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surrogate, according to the anthropological question addressed. Mutation rate
and effective population size parameters were first estimated with an ExpectationMaximization algorithm running Chromopainter on all 22 autosomes for the
entire dataset with ten iterations (Lawson et al. 2012). The weighted average
of these parameters, according to the SNP coverage of each chromosome
and the number of individuals, was then used to compute the chromosomal
painting. Once defined, the Bajau cluster was defined as the target, and the
other clusters as surrogates. Population structure of the dataset was evaluated
using the fineSTRUCTURE v.2.07 package (Lawson et al. 2012) after 100,000
MCMC iterations. The painted chromosomes obtained for each cluster were
used in GLOBETROTTER v.1.0 (Hellenthal et al. 2014) to estimate the ratios
and dates of potential admixture events. Co-ancestry curves were estimated with
and without standardisation via a ‘NULL’ individual, and consistency between
each estimated parameter was checked. Bootstrap re-samplings (n = 100) were
calculated to estimate the P value of the admixture events (considering the
‘NULL’ individual), as well as to generate 95% confidence interval for the dates
(without the ‘NULL’ individual). The ‘best-guess’ admixture scenario given by
GLOBETROTTER is reported.
Table 7.1 Frequency of Bajau haplogroups for (left) mtDNA and (right) the Y chromosome.
Haplogroups Frequency Geographic
origin
B4a

0,0741

MA

B4c1b

0,0741

MA

B5a

0,037

MA

B4a4

0,0741

MA

M73

0,037

MA

R22

0,037

MA

X

0,037

MA

Q1

0,0741

MA

B4a1a1

0,037

Taiw

E1a

0,0741

Taiw

F1a

0,037

Taiw

F1a3

0,0741

Taiw

M7b1a1i

0,1481

Taiw

M7c1a4a
M7c1a4a

0,0741
0,1111

Taiw
Taiw

Haplogroups
C*
KxLT
O1a
O3
C1c
O3a2
O3a2b
M1a
R*
T1a
L1a

C-RPS4Y*
K-M526*
O-M119*
O-M122*
C-M38*
O-P201*
O-M7
M-186
M-207*
T-M70
L-M76

Frequency Geographic
origin
0,037
0,2222
0,037
0,037
0,2222
0,0741
0,037
0,0741
0,1481
0,0741
0,037

Note:
SEA: Southeast Asian origin;
WE: Western Eurasian origin

Note:
MA: Mainland Asian origin; Taiw: Out of Taiwan origin;
WE: Western Eurasian origin

SEA
SEA
SEA
SEA
SEA
SEA
SEA
SEA
WE
WE
WE
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RESULTS AND DISCUSSION
the kendari bajaw are a genetically distinct population

Uniparental loci markers (mtDNA and Y chromosome) reveal high genetic
diversity in the Kendari Bajau (HmtDNA = 0.954 + 0.020, HY chromosome = 0.855 +
0.043), falling in the upper range of values compared to other ISEA populations
(HUGO Pan-Asian SNP Consortium 2009; Karafet et al. 2010; Mörseburg
et al. 2016; Tumonggor et al. 2013). This suggests limited effects of genetic
drift in this group and hence large effective population sizes, perhaps driven
by exogamous marriages. The uniparental lineages include many major Asian
haplogroups (Table 7.1), in common with most other populations in ISEA
(Karafet et al. 2010; Soares et al. 2016; Tumonggor et al. 2013). For instance,
the high frequency of mtDNA haplogroups M7b1a and M7c1a, together with
Y chromosome haplogroups C-M38 and K*-M526, are commonly found in
many Austronesian-speaking populations. Such a diverse array of haplogroups
also hints that the Bajau may have integrated many genetic influences, perhaps
reflecting the social process of creolisation suggested by Nagatsu (2013).
Solely from a uniparental lineage perspective, the high maternal and paternal
genetic diversity of the Kendari Bajau implies that it may be complex to define
the Bajau as a homogeneous population (see Lawson et al. 2012 for details).
We therefore turned to autosomal DNA data to test whether Bajau individuals
are more similar to each other than to other regional groups, or whether the
term Bajau should instead be viewed more as a ‘label’; an ‘accommodative ethnic
identity’ of individuals sharing a common culture or language but constituting
genetically diverse individuals (Nagatsu 2013). After reconstructing haplotype
information (i.e., determining linkages between different polymorphisms), we
used fineSTRUCTURE analysis to define the population genetic structure of
our regional dataset. Like most Southeast Asian groups, the Bajau do form a
distinct genetic unit that differs statistically from other ethnic groups (posterior
probability of 100%; Figure 7.2). Therefore, although the Bajau culture tends to
assimilate individuals from diverse origins (Nagatsu 2013; Nuraini 2008), this
phenomenon must be gradual, taking place over sufficiently long time periods
to create a shared genetic Bajau identity. The common culture of the Bajau from
Kendari is therefore matched by a common genetic profile.
The diversity of the Kendari Bajau nevertheless falls into the wider ISEA
genetic landscape. Genetic distances between Indonesian populations were
estimated using FST for both mtDNA and the Y chromosome. MDS analysis of
these genetic distances places the Bajau broadly at the centre of other regional
populations (Figure 7.3). Indeed, the Bajau act as a junction between a cluster
of populations from western Indonesia and eastern Indonesia, corresponding
to the geographical location of this particular Bajau community in Sulawesi,
central Indonesia. It is therefore not surprising that the closest populations to
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Figure 7.2 Phylogenetic analysis with fineSTRUCTURE showing that the
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this Bajau group from Kendari are other populations from Sulawesi, such as
the Bugis and Mandar, followed by populations from the Maluku and Lesser
Sunda Islands. The Bajau consequently carry genetic lineages belonging to
at least two genetically distinct areas of ISEA, bisected by the Wallace Line
(Lipson et al. 2014; Tumonggor et al. 2013; Xu et al. 2012). This theoretical
division, represented physically by the Makassar Strait, separates the Indonesian
archipelago into two biogeographical areas distinct in their fauna and flora. It
also broadly marks a human genetic division, notable for more Papuan-like
lineages in eastern Indonesian populations and more Mainland Southeast Asian
(MSEA)-like lineages in western Indonesia. The sea nomad culture of the Bajau
in south-western Sulawesi places them in contact with regional groups with
quite different genomic ancestries, thus breaking the influence of Wallace’s line
and creating a genetic patrimony that places the Kendari Bajau community at
the epicentre of Island Southeast Asian genetic diversity.
multiple genetic ancestries reflect the history of the bajaw

Through their mobile maritime way of life, Bajau sea nomad groups acted as
a regional link between populations with different genomic backgrounds. This
is reflected in a high proportion of Asian uniparental haplogroups (93% of
maternal lineages and 74% of paternal lineages), denoting both their probable
ancestry, as well as frequent contact with other MSEA and ISEA groups. A
substantial proportion of this diversity has Papuan connections, as represented
by mtDNA haplogroup Q1 (7.4% of Bajau maternal lineages; Table 7.1).
Links to the Indian subcontinent also occur, as noted by the presence of Y
chromosome haplogroups L1a, T1a and R* (26% of Bajau paternal lineages;
Table 7.1). At least some of these South Asian genetic lineages may have been
acquired through intermediary groups, in this case Indianised populations on
the western Indonesian islands of Sumatra, Java and Bali. It is striking that,
while the Bajau were clearly recipients of gene flow from far distant groups,
these genetic inputs appear to be sex-biased. Indeed, no trace of paternal
Papuan lineages or maternal South Asian lineages were identified. How strong
and widespread this pattern of admixture is among different Bajau communities
remains unclear and argues for further investigation.
To further study these diverse contributions, we decomposed the autosomal
genomic diversity of the Kendari Bajau, together with regional groups, using the
ADMIXTURE software. Bajau population genetic components look relatively
similar to other eastern Indonesian populations (e.g., Toraja, Sumba, Kambera
and Manggarai). The most probable model assigns Bajau diversity to two main
components: Austronesian and Papuan, with two other minor Austronesian
components.The Austronesian influence represents the largest part of the
Bajau genome (~50%) and traces to three Austronesian ancestries (Kusuma
et al. 2016a) currently preserved in the Ma’anyan population of Southeast

190

Pradiptajati Kusuma et al.

Borneo, the Kankanaey, a population from the northern Philippines, and the
Mentawai group (Sumatra), which has an Austronesian genetic component
that subsequently differentiated due to genetic drift in this small population.
These three ancestries are common to many Austronesian-speaking populations
and may reflect different dispersal patterns or subsequent genetic drift among
expanding Austronesian populations (Kusuma et al. 2016a). A second major
genetic influence, already identified from uniparental data, is Papuan ancestry,
representing an average of ~15% of the Bajau genome. This Papuan component
is typical in eastern Indonesia, such as the Maluku and Lesser Sunda Islands,
where it commonly occurs at around 30 per cent frequency. The presence of this
component in the Bajau fits with a TreeMix analysis (Figure 7.4), which reveals
frequent gene flow of genetic lineages associated with New Guinea and eastern
Indonesia. Although traces of South Asian ancestry are more difficult to identify
in the ADMIXTURE analysis, TreeMix clearly detects this gene flow, likely
from southern India, in addition to the Austronesian and Papuan contributions
noted from other methods (Figure 7.4). The South Asian gene flow into the
Bajau, driven by men rather than women as shown by uniparental data, is rather
small compared to the other components, but nevertheless indicates ultimate
contact with India, and perhaps more likely, proximate contact with Indianised
kingdoms in western Indonesia (Kusuma et al. 2016b) notably the Near East and
South Asia (Indian sub-continent). Trade has flowed between the Indian subcontinent and the Indonesian archipelago since at least the first millennium bce
(Calo 2014; Lawler 2014), later leading to the creation of Indianised kingdoms
in Indonesia, such as Śrīvijaya and Majapahit.
These various genetic inputs into the Bajau gene pool were examined
using Identity-By-Descent (IBD) information calculated with RefinedIBD.
Haplotype sharing between pairs of individuals signals common ancestry,
and the length of shared haplotypes reflects recent contact. The average IBD
sharing between a Bajau individual and another individual in our dataset can
be visualised for different length thresholds (Figure 7.5). A low IBD threshold
(20 cM or greater) (Figure 7.5A) identifies all common shared ancestries,
both old and recent. At this threshold, Kendari Bajau individuals show clear
connections to all ISEA populations, reflecting their common interactions
with most regional groups. Links were also identified with MSEA individuals
and Malagasy, reflecting the settlement of Madagascar from Indonesia. While
Malagasy appear to have originated from the Banjar population of southeast
Borneo (Brucato et al. 2016), these wider connections partially implicate a
role for the sea nomad Bajau in the settlement of Madagascar (Kusuma et
al. 2015). At higher IBD thresholds (Figure 7.5B–D), which reflect more
recent connections, these long distance linkages disappear, while connections
to the Lesser Sunda Islands, Philippines and southeast Borneo are preserved
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(Figure 7.5C–D). Interestingly, at the highest IBD thresholds (Figure 7.5D),
before external connections disappear entirely, clear links remain with the
two Austronesian speaking populations mentioned above, the Kankanaey of
the Philippines and the Ma’anyan of Borneo, but also the Dayak Ngaju of
south-eastern Borneo. While the first two groups may simply reflect the strong
influence of Austronesian genomic components in ISEA, the connection
between the Bajau and the Ngaju has greater implications for Bajau ancestry.
Ethno-linguistic studies (Blust 2007) suggest linguistic affinities between the
Dayak Ngaju in south-eastern Borneo and Bajau languages, thus potentially
supporting an origin of the Bajau in Borneo.
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Figure 7.4 TreeMix analysis on autosomal genome-wide SNP data showing migration nodes from
Papua New Guinea Highlander and South Asian groups to the Kendari Bajau population, with
migration weights of 13% and 9%, respectively.

Figure 7.5 Shared Identity-By-Descent (IBD) fragments between pairs of individuals in Southeast Asia, using nine filtering thresholds
representing old connections (20 cM) to recent connections (80 cM). Top left: Figure B; Top right: Figure C; Bottom left: Figure A;
Bottom right: Figure D.
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To disentangle the genetic ancestries of the Kendari Bajau further, we
reconstructed admixture using GLOBETROTTER (Table 7.2). The two main
contributions already suggested are clearly identified again: South Asia (likely
through Indianised kingdoms in western Indonesia) and the Lesser Sunda Islands
(Sumbanese) (surrogate 1); and the Philippines, Malaysia and Borneo (Banjar
and Ngaju) (surrogate 2) (Figure 7.5D). This again reinforces that the Bajau,
as a sea nomad population and participant in the maritime trading network,
are the product of interaction with far distant regions and culturally different
populations. The admixture between these two components dates to 875 years
bp (95% confidence interval: 800–1000 years bp) (Table 7.2), and the link to
southern Borneo populations agrees with linguistic and anthropological evidence
suggesting an origin of the Bajau in the Barito region of southeast Borneo, from
which they dispersed around the end of the first millennium ce as a result of
contact with the Malay kingdom of Śrīvijaya (Blust 2007).
The Kendari Bajau comprise a distinct genetic group, albeit one with
numerous regional connections. The complexity of their genomic profile is
a striking reflection of their past history, summarising major migratory and
admixture events that led to the settlement of this particular Bajau group in
southern Sulawesi. From the convergence of genetic and anthropological
evidence, we postulate that the Bajau originated in south-eastern Borneo from a
group close to the current Dayak Ngaju. Like the migration of Banjar ancestors
to Madagascar following the arrival of the Malay people, a Malay influence may
also have triggered—directly or indirectly—the beginning of the Bajau diaspora.
Their sea-oriented way of life, their prime role in the maritime trading network
and their location at the maritime frontier, placed the Bajau in contact with
diverse populations, whose genomes left secondary traces. Whether this pattern
holds for other Bajau communities beyond the Kendari remains to be tested.
Nevertheless, we can provide tentative answers to the three research questions:
(i)
The Bajau are a genetically distinct group with genetic influences from
western and eastern Indonesia, and even beyond (South Asians and
Papuans), reflecting sex-biased patterns of cultural interaction and trading
that still need to be fully explained.
(ii)
Genetic analyses provide support for the argument from socio-ethnological
and linguistic studies that the Bajau result from ‘maritime creolisation’
(i.e., admixture).
(iii) Admixture patterns and molecular dating agree with linguistic and
anthropological evidence in proposing an origin for the Bajau diaspora in
south-eastern Borneo.

Bajau

R2

FQ1

FQ2

0.999

<0.01 0.946 0.882 0.998

P

Main.null <0.01 0.953 0.96

Main

Target
Analysis
Group

0.22

0.22

M

One-datemultiway

One-datemultiway

Best-guess

1175

47

(43–54) (1075–1350)

(800–1000)

875

35
(32–40)

1-date
(YBP)

1-date
(gen.)

Malay (23%),
Ngaju (6%)

Brahmin
(12%)

Brahmin
(15%)

Banjar (23%),
Filipino (27%),
Ngaju (8%)

Banjar (25%),
Filipino (25%)
Sumbanese
(23%)

Sumbanese
(27%)

1-date
Best
Surrogate 2

1-date
Best
Surrogate 1

Table 7.2 Admixture sources showing the percentage of admixture for each population of interest with dates in generations and years before present (YBP).
Bootstrap 95% confidence intervals are given in parentheses.
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