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Abstract

Addison and Matisoo-Smith (2010) challenged the widely accepted model regarding the settlement
history of Polynesia, specifically the Lapita only origin of East Polynesia, and identified possible
drivers for the resumption of the eastward expansion of Pacific peoples around 1500 BP. In the last
15 years, there have been some significant advances in our understanding of the events that have led
to the biological, cultural and linguistic variation we currently see in the Pacific. Here we will review
the evidence, particularly the genetic and genomic evidence, related to Pacific settlement history that
has accumulated since the publication of Addison and Matisoo-Smith. We then fully investigate these
genomic data to see if we are any closer to understanding and reconstructing Pacific settlement
history, and to identify any gaps that still exist.
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1. Introduction

In 2010 Addison and Matisoo-Smith published a paper entitled “Rethinking Polynesians Origins:
a West-Polynesia Triple-I model”. The premise of this paper was that what was, and to some degree
still is, the consensus view regarding the origins of Ancestral Polynesian Society (APS), did not
adequately explain the archaeological and biological data that existed for Polynesia as a whole.
Specifically, the paper challenged the “Lapita only” model for Polynesian origins - or the idea that
Polynesian peoples, languages and cultures were solely derived from the Lapita peoples who settled
Samoa and Tonga nearly 3000 years ago. The authors proposed that there were new and significant
influences from elsewhere, that were introduced and then amalgamated with the Lapita-derived
components already present in West Polynesia. This new Polynesian culture/biology was then
carried out into the rest of Polynesia when eastward expansions began again, which we now believe
to have been around AD 900 (Sear et al., 2020). This process, they suggested, might be very similar
to that described by Roger Green (1991) in his Triple-I model for Lapita origins, namely that the
Lapita Cultural Complex was the result of intrusion of new biological, cultural and linguistic
components from Island Southeast Asia, integration of these with indigenous components already
present in the Bismarck Archipelago, and innovation of new unique components that were then
transferred to descendant communities in Near and Remote Oceania. Similarities between cultural
and biological components seen in Micronesia and East Polynesia led to the suggestion that
“intrusive” post-Lapita migration(s) through the atoll arc into Polynesia might help explain the
patterns observed.

The assessment of the genetic data at the time of writing was a significant part of Addison and
Matisoo-Smith’s critique of the Lapita only model for Polynesian origins. But things have changed
dramatically in the last fifteen years with the development of next generation sequencing (NGS)
(Millar et al., 2008). The price of whole genome sequencing has reduced substantially with the ability
to process large numbers of samples simultaneously. Data generated by large international genome
diversity projects such as the 1000 Genomes Project (https://www.internationalgenome.org/) and
the Simons Genome Diversity Project (Mallick et al., 2016) has meant that there are now large
databases of single nucleotide polymorphisms (SNPs) identified from worldwide populations. This
has allowed for the development of a number of commercially available (and some non-commercially
available) SNP arrays (tools for genome wide screening of samples) to quickly assess the presence of
ancestry informative SNPs in a population. Unfortunately, however, few Pacific samples have been
included in the databases that were used to establish these SNP arrays and therefore we do not know
that we are capturing all of the important variation that exists in the Pacific. Furthermore, genomic
studies that only include small sample sizes (possibly not representative of the entire population) or
apply simplistic settlement models that do not take into consideration archaeological or other
historic or cultural data that we know could be affecting the populations can result in interpretations

that don't align with the likely history of that population. Such studies will continue to be problematic
regardless of how good the genomic data might be and thus we have argued elsewhere for strong
interdisciplinary approaches with specific hypothesis testing and generation of appropriate data
with full community engagement and consent (Matisoo-Smith & Gosling, 2018, 2025).

This NGS technology has also been transformational for ancient DNA studies particularly when
combined with developments in ancient DNA sampling and extraction (Hofreiter et al., 2015; Pinhasi
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et al., 2015). A huge advantage is that contamination, which was a major issue for ancient DNA
studies prior to the development of NGS, can now be identified and the reliability of ancient DNA can
be assessed through indicators of typical damage that occurs (Gilbert et al.,, 2007). Another major
development in aDNA studies is the targeted sampling of the petrous portion (inner ear) of crania,
which has been shown to be particularly good for DNA preservation (Pinhasi et al., 2015). As a result
of these relatively recent developments, the amount of genomic data that are now available for Pacific
populations had increased significantly and is contributing to debates regarding Pacific origins and
population histories. These new genomic data, linked to particular points in time and often to specific
cultural contexts, provide the chronological control to assess genetic change through time and help
us to interpret the genomic variation we see in modern Pacific populations. It is therefore, perhaps,
a good time to reassess our models of Pacific settlement in general and the West Polynesian Triple I
model in particular and identify any gaps that still exist in our understanding of Pacific settlement.

2. Lapita and the origins of Polynesians

While there was a strong consensus for the Lapita only model of Polynesian origins and the
associated notion of East Polynesian origins lying in Samoa, Addison and Matisoo-Smith were not the
only ones who identified elements that did not fit with such a model. Anita Smith, in her monograph
on the archaeology of West Polynesia, also argued that there was no evidence of socio-cultural change
in West Polynesia (the development of APS) prior to 1000 BP and that the archaeological evidence
did not support the direct link between East Polynesian material culture and a Lapita derived West
Polynesian source. (Smith, 2002). McLean (McLean, 2008) suggested that the music and musical
instruments of East Polynesia were significantly different from those of West Polynesia as to indicate
an alternative origin and noted similarities with Micronesia. Similarly, Wilson (1985) initially
challenged the notion that East Polynesian languages were derived from Samoan, but instead he
highlighted similarities between the Central Northern Outlier (CNO) languages of Takuu and
Luangiua (Ontong Java), located off the north coast of the Solomon Islands, with those of East
Polynesia (EPN). In further analyses (Wilson, 2012, 2014, 2018, 2021), Wilson strengthened his
argument claiming these CNO languages and those of East Polynesia form a subgroup, and proposed
a hypothesis where the settlement of East Polynesia occurred from the Central Northern Outliers
(Nukuria, Takuu, Nukumanu and Ontong Java), through the Phoenix and Line Islands (Kiribati) into
the Marquesas and from there into the rest of Polynesia. He further claimed *“(t)he shared
innovations of PCNO-EPN stand in stark contrast to the lack of comparable linguistic data supporting
the commonly assumed settlement of East Polynesia along a southern pathway originating in Samoa
or in Western Polynesian archipelagos relatively close to Samoa such as Tokelau or Tuvalu” (Wilson,
2012:355).

3. Genomic studies of modern Polynesians

Wilson’s linguistic proposal for East Polynesian origins has recently received support from the
genomic perspective. Hudjashov and colleagues (2018) undertook a study of genome wide data of
modern people from the Leeward Society Islands (including Bora Bora, Taha'a, and Ra’iatea), in
which they compared their data with a large publicly available dataset that included data from
Polynesian Outlier communities (collected by Delfin et al. (2012) for mtDNA and Y chromosome
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studies) with genomic analyses of samples from Rennell, Bellona, Tikopia and Ontong Java (Qin &
Stoneking, 2015). They argued that their results supported a model of rapid and relatively recent
settlement of the Society Islands (a short chronology) where their Society Island ancestry signatures
were more likely to be derived from the Northern Outliers than from Samoa (Hudjashov et al., 2018).
Analyses of the frequencies of mitochondrial DNA lineages belonging to haplogroup B4ala, which
make up 96% of the maternal lineages in the Leeward Society Islands, placed the Society Islands
closest to Ontong Java. These and the other East Polynesian samples included in the analyses (Hawaii,
Cooks and NZ Maori) were all quite different to the frequencies seen in Samoa and other West
Polynesian populations (Hudjashov et al., 2018: Figure S8). Genomic studies focused on genetic
variants associated with gout and metabolic disease also show significant variation between East
and West Polynesian populations, which does not fit well with the traditional out of Samoa origins
for East Polynesians (Hollis-Moffatt et al., 2011; Phipps-Green et al., 2010).

In 2020, Harris and colleagues published results of a large, whole genome study of over 1000
Samoans in which they investigated the demographic history of Samoa (Harris et al,, 2020). The
authors combined their Samoan data with other publicly available data for Oceania and found that
the Samoans clustered most closely with Tongans and populations from the Polynesian Outliers.
They identified that Papuan ancestry contributed to just under 25% of the Samoan genome and was
universally distributed, which they suggest indicates that the admixture occurred before the
ancestors reached Samoa. This was less than the 35% of Papuan ancestry seen in the Tongan and
Polynesian Outlier genomes. Harris and colleagues also identified evidence of a massive population
bottleneck that occurred about 10 generations (300 years) ago, which correlates closely with the
arrival of Europeans and the introduction of European diseases. None of these results were
particularly surprising, however, they also indicated that modern Samoans likely descended from a
population arrival that was more recent than that of the Lapita colonists. Their demographic
reconstruction indicated that the population grew very slowly from the arrival of the Lapita peoples
nearly 3000 years ago through until about 30-35 generations (~1000 years) ago, at which point they
saw evidence of a period of rapid population growth. They suggest this “significant demographic
event” was due to the likely arrival of a new group of people in Samoa just prior to this growth period,
who were also already admixed 25% Papuan and 75% Austronesian, and who potentially replaced
the descendants of the initial Lapita founding population. Harris and colleagues note that their
dramatic increase in effective population size in Samoa fits with the suggested arrival of new people
in Polynesia proposed by Addison and Matisoo-Smith (2010). The authors remarked that ancient
DNA from Samoa would be required to really assess this interpretation. Unfortunately, despite the
significant increase in ancient DNA data from the Pacific, we currently have no ancient DNA from
Samoa.

4. Recent Developments in Ancient DNA in the Pacific

In the final discussion section of their paper, Addison and Matisoo-Smith noted that “Ancient DNA
analyses of the increasing number of Lapita skeletal populations and comparison with ancient DNA
obtained from later, post Lapita skeletal populations from across the Pacific will allow us to fully
understand the processes leading to the biological diversity seen in the Pacific today” (Addison and
Matisoo-Smith 2010:9). As noted previously, in the 15 years since publication, the methods for
sampling and sequencing ancient DNA have improved dramatically and as a result, several genomic
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studies of ancient Pacific populations have provided data that help us to better understand the
biological diversity seen in the Pacific at a particular point in time and can help us better understand
the processes that led to the genetic landscape that we see in the Pacific today.

4.1. Ancient DNA of Lapita peoples

Perhaps one of the most surprising results in decades of Pacific research were those published in
2016 describing the first genome wide data obtained from Lapita remains - recovered from three
crania that were buried in the Teouma site in Vanuatu, and one from Talasiu, Tonga (Skoglund et al.,
2016). Prior to this result, it was generally assumed, based on Green’s Triple I model, that the Lapita
people who settled Remote Oceania would have been a population of mixed Island Southeast Asian
(Austronesian) and Bismarck Archipelago (Papuan) ancestry (Kayser, 2010; Kayser et al., 2008;
Wollstein et al.,, 2010). But what Skoglund et al. (2016:510) reported was that all four Lapita-
associated samples had DNA signatures that indicated “little to no Papuan ancestry”.

Three follow-up papers (Lipson et al., 2018; Lipson et al., 2020; Posth et al., 2018) not only
confirmed the results of Skoglund et al., but provided further data from later Lapita and post-Lapita
samples from Vanuatu, which showed a near complete “population turnover” in Vanuatu within a
few hundred years of the first Lapita settlement. Ancient samples dating from ~2500 BP from Efate
and Malakula showed little evidence of Austronesian ancestry and were most closely related to the
Papuan-speaking Baining people living on New Britain today. Interestingly, Posth et al. (2018) also
included an additional two samples from the Lapita associated Talasiu site (TON 001, 002, dated to
between 2690 and 2320 BP) and a later sample from Tonga (LHA 001, dated to 780-550 BP) in their
aDNA analyses, along with three individuals recovered from the Taputapuatea site in Ra’iatea, Society
Islands, and dated to the 18t century. They found that the Papuan ancestry identified in these
Polynesian samples was different that that seen in the Vanuatu samples (likely of New Britain origin)
and was a best fit with a Solomon Island origin. The more recent Tongan and Ra’'iatea samples,
however, did not cluster with the Talasiu and Teouma Lapita samples in their PCA, but were closer to
modern samples from the Polynesian Outlier populations from Tikopia and Ontong Java (Posth et al.,
2018:Fig 1a). Interestingly, though, Lipson et al (2020) found that they could model Polynesian
ancestry as the result of the same New Britain source population as seen in the late and post-Lapita
Vanuatu samples.

4.2. Ancient and modern genomic studies in Micronesia

Addison and Matisoo-Smith (2010), like many before them (Buck, 1938; Sullivan, 1921),
highlighted the similarities between Micronesia and Polynesia in terms of biology and cultural
components and raised the possibility of these being related to migration routes. Unfortunately,
published archaeological and biological research has generally been less focused on Micronesia than
it has on Polynesia and Lapita origins, but recently, this data gap has been addressed by a large
genomic study of both ancient and modern populations in Micronesia (Y.-C. Liu et al., 2022). In their
study of 166 ancient individuals from Guam, Saipan and Pohnpei dated from 2800-200 BP, and 112
modern individuals from Guam, Palau, Chuuk and Pohnpei, combined with previously published
genome-wide data from ancient and modern populations in Island Southeast Asia (ISEA) and the
Pacific, Liu and colleagues identified five distinct streams of migration into Micronesia. The first
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migration (M1), which occurred before 2800 BP, was direct from ISEA to the Mariana Islands. A
second migration (M2) occurred from ISEA to Palau slightly later than M1 and from a different source
population at some point before 2400 BP. People with this M2 ancestry moved north from Palau to
the Marianas and contributed about 15% to the genetic ancestry of the Latte period (by 700 BP)
populations there. The third group to contribute to the genetic ancestry of Micronesians (M3) came
from the Lapita derived populations from the south (carrying DNA related to the Lapita associated
crania recovered from Teouma and Talasiu), and resulted in the settlement of Central Micronesia at
some point prior to 2100 BP. Interestingly, these people did not introduce Papuan genomic markers
associated with either New Britain or the Solomon Islands - making it unlikely that this Lapita
associated migration was from Vanuatu or the Solomon Islands. All of the “Papuan” DNA identified
in Micronesians according to Liu et al. comes from another PNG source, and is likely related to the
fourth migration (M4), which involved the movement of people from the Admiralty Islands of PNG
up into Palau and into Central Micronesia sometime before 1800 BP. The fifth and final Pacific
migration into Micronesia (M5) involved the settlement of the Polynesian outliers in the Caroline
Islands sometime after 1000 BP who, not surprisingly, came from a Polynesian source. Interestingly,
almost all of the Papuan ancestry found in Micronesia they argue traced back to Papuan males,
indicating sex specific migration from New Guinea to Micronesia (Y.-C. Liu et al., 2022).

Another two recent genomic studies focused on the genetic origins of the population currently
living on Kiritimati Island, in the Line Islands, now part of Kiribati (Larena et al., 2025; Palencia-
Madrid et al., 2022). While Kiritimati was unoccupied when Capt. James Cook “discovered” the atoll
in 1777, archaeological evidence indicates at least intermittent if not continuous occupation of the
island from AD 1200 to 1600 (Anderson et al., 2000; Di Piazza & Pearthree, 2001a). The house sites
and ceremonial structures that were present on the island were said to resemble those of central
East Polynesia, which led Anderson and colleagues (2000) to suggest continuous settlement, likely
from the Northern Cook Islands, the Tuamotus or the Society Islands, but possibly Hawai'i. Di Piazza
and Pearthree (2001b) suggest that the island was regularly visited but intermittently occupied by
Polynesians for collecting turtles and birds, and that it was a part of a major inter-archipelago basalt
exchange network involving Samoa, the Marquesas, and possibly the Southern Cook Islands from the
mid-12t to the mid-14t centuries. The island was resettled in the 1920s when workers were brought
from the Gilbert Islands to work in coconut plantations planted on the island, and in the late 1950s
and 60s the island was a site for British and American nuclear testing. Since Kiribati independence
in 1979, more I Kiribati have moved to Kiritimati, with the 2020 census listing the population at 7369.
The first study (Palencia-Madrid et al., 2022) describes the mtDNA and Y chromosome analyses of
163 unrelated men from Kiritimati. Genealogical data collected confirmed I Kiribati origins for at
least three generations on both the maternal and paternal sides. Both the mitochondrial DNA
(control region sequences only) and Y chromosome haplogroups present indicated that there was a
large degree of haplotype sharing, suggesting a recent “migration” to Kiribati from West Polynesia
after the initial “Austronesian” settlement. They dated this migration event to between 363 and 548
years ago. Interestingly, unlike Polynesia, which tends to have a high percentage (~66%) of Near
Oceanic Y chromosomes (e.g. C2a-M208) (Kayser et al., 2006), the Kiritimati sample consisted of 84%
haplogroup O, which is an Austronesian/ISEA lineage.

The study by Palencia-Madrid et al. (2022) was followed up by a second publication from the
group (Larena et al., 2025) which selected 19 of the original 163 samples from Kiritimati Island and
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generated a dataset of autosomal SNPs, which they merged with several other datasets of world-wide
and Pacific focused ancient and modern populations, including the large Micronesian dataset of Liu
et al. (2022). Their results indicated that the Kiritimati samples were most likely derived from, but
were equidistant from, the Lapita associated crania from Teouma and Tonga, and they were more
distant from the ancient samples from Guam and the Marianas. When compared to modern data, the
Kiritimati samples clustered with samples from Chuuk and Pohnpei, with a Society Islands group as
the immediate outgroup to the central-eastern Micronesians (Larena et al., 2025).

Given the dramatic increase in both the sampling of Pacific populations and the large amount of
genomic data that are now available for both ancient and modern populations, we can step back and
investigate the questions and the possible explanatory model presented by Addison and Matisoo-
Smith to determine if we are any closer to understanding the settlement processes of the Pacific
generally and of Polynesia more specifically.

5. Materials and methods

To provide an overview of the accumulated genomic data and a visual display of the relationships
we undertook both a PCA analysis of several compatible genome-wide SNP datasets generated since
2010 and an assessment of all of the complete mitochondrial genome data publicly available for
modern and ancient Pacific populations.

5.1. Genome Wide Data and analysis

Modern Samoan, Tokelau, Tuvalu, and Cook Island samples, along with a few Tongan samples
were collected in Aotearoa New Zealand as part of a project entitled “The Longest Journey—From
Africa to Aotearoa”, approved by the Otago Human Ethics Committee (reference number H13/009).
DNA was extracted from cheek-swabs using MagMaxTM extraction kits following the manufacturer’s
protocols. SNP data were generated using the Geno 2.0 SNP array, which targets over 130,000
autosomal and X chromosome SNPs targeting assessment of worldwide genetic ancestry (Elhaik et
al,, 2013). The previously published and publicly available SNP data used in our analyses are shown
in Supplementary Table 1.

Array and capture-based genotype data were obtained either through direct request from data
custodians or from publicly available repositories. Genotype data were converted to EIGENSOFT
format using convertf and subsequently merged across datasets using mergeit, both part of the
EIGENSOFT package (Patterson et al., 2006; Price et al., 2006). Principal component analysis (PCA)
was performed on the merged dataset using smartpca (Patterson et al., 2006). Ancient samples were
projected onto the PCA space to avoid distortion of the underlying variance structure, and the
resulting PCA was visualized in R using ggplot2. The same merged dataset was used to assess
admixture, using ADMIXTURE to infer values of k from 2 to 12 (Alexander et al., 2009) and visualized
in R using ggplot2.

The same merged dataset was used to assess admixture, using ADMIXTURE (Alexander et al,,
2009) and visualized in R.
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5.2. Mitochondrial Genome Analyses
FASTA files for published complete mitochondrial genomes from throughout the Pacific, Island
Southeast Asia and Australia were downloaded from Genbank, and run through Haplogrep3 using
the Phylotree build 17.2 for haplogroup assignments. These updated haplogroup calls were then
examined for their distribution across the geographic region.

6. Results

6.1. Genome-wide SNP analyses

Figure 1 shows the PCA of all published Pacific data we could combine together with some key
comparative data from ISEA (Taiwan and the Philippines). Previously unpublished data generated by
our lab group for individuals of self-identified West Polynesian and Cook Island ancestry living in
New Zealand were incorporated to provide additional West and East Polynesian genome-wide SNP
data. When all data included in Table S1 were collated 56,303 SNPs were analysed. This number is
sufficient for studying ancestry, however when combined with the fact that the selected SNPs are
unlikely the most appropriate for assessing variation and ancestry in the Pacific one should be aware
that there are potentials for biases in this dataset.

The unsupervised ADMIXTURE analysis identified K=7 as the best supported number of inferred
ancestral clusters and is presented in Figure 2.

6.2. Complete mitochondrial genomes
All shared haplogroups were identified by island/archipelago location and are shown in
Supplementary Table 2. Note that the haplogroup calls that were made in the original source articles
may be different from those presented in Supplementary Table 2 due to the regular updating of
Phylotree.
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Figure 1: Principle Component Analysis (PCA) of ancient and modern genome-wide data for
Pacific populations. Axes were determined based on modern DNA data (unfilled shapes) with
ancient DNA samples (solid shapes) projected. Each symbol represents a single individual.
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Figure 2: Unsupervised ADMIXTURE plot (K = 7 clusters). Note that each bar represents the admixture signature of a single
individual, and each of the inferred ancestral clusters (K) is represented by a different colour. See Supplementary Table 1 for
sample details.



Matisoo-Smith et al. Journal of Pacific Archaeology 2026 16(2).Article 3 DOI: 10.70460/jpa.v16i2.396 11

7. Discussion

As noted by the authors of most of the genomic studies that have investigated Pacific peoples, and
as can be seen in Figure 1, the genomic data generated from Pacific populations over the last decade
have indicated that there is likely much more complexity to the settlement history than was often
described in classic models. We expect that it comes as no surprise to those who study the Pacific,
that the standard definitions of Melanesia, Polynesia and Micronesia clearly make no biological sense,
but the clustering of genomic variation in the Pacific is patterned and in some way relates to the
history of the region, whether it is deep ancestry or more recent, historic European or Asian
admixture. For example, we can see in Figure 1 that the ancient Mariana samples differ markedly
from other Pacific populations, including the Palauans. We also see the impact of European admixture
in several modern Pacific populations, as those samples are skewed to the positive on the PC1 axis
and into the negative space along the PC2 axis, ending up towards the bottom right of the PCA.

The ability to quickly and affordably sequence complete mitochondrial genomes has also
dramatically improved our understanding of genomic variation in Pacific populations. Unfortunately,
however, since genome-wide array data have become more commonly generated, people have paid
less attention to mitogenome data, or more specifically, complete mitogenome sequencing, which we
believe still shows some very important historical relationships that may not be easily observed in
genome-wide SNP data. Mitochondrial haplotypes show direct and very distinct ancient
relationships of maternal ancestry, where the genome-wide data can become diluted over multiple
generations due to recombination. When we see links between islands or island groups based on
shared mtDNA haplotypes, it means that women carrying that lineage had to have left female
offspring in the location. Analyses of the distributions of rare mitochondrial haplotypes in particular,
which may not be identified in array data, can also provide some valuable evidence of links between
closely related populations.

Prior to the development of next-generation sequencing, most mitochondrial DNA studies only
focused on the Hypervariable Region (HVR) variation and some well-known coding-region
mutations, such as the 9bp deletion that was one of the defining mutations for the B4alala
haplogroup, often referred to as the Polynesian motif. While HVR sequencing suggested that the
B4alal and B4alala haplogroups reached over 90% frequency in Polynesia (Kayser, 2010),
complete mitogenome sequencing has now shown that there is a significant amount of variation
within the B4alala lineages found in the Pacific (Almeida et al., 2025), including variation within
East Polynesia (Knapp et al., 2012). While B4alal and B4alala mitogenome frequencies are still
very high across the Pacific, the distributions of shared “rare” sub-lineages are proving to be more
informative for tracking the movement of women across the Pacific. These may only be identified
through complete mitogenome sequencing.

Despite the increase in genomic research in the Pacific, we still have pretty poor sampling across
the Pacific region. One area that has been particularly well sampled for complete mitochondrial
sequencing is the Solomon Islands. The high level of diversity of sequences, particularly in the
B4alala sub-lineages that are, to date, only found in the Solomon Islands can be seen in
Supplementary Table 2. More in-depth sequencing elsewhere in the Pacific is likely to identify more
new lineages and shared rare lineages that will help us to further tease apart the various historic
relationships in the region. With the genome-wide SNP data combined (Figure 1) and the complete
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mitogenome haplotype distributions (Supplementary Table 2), we can also begin to test some of the
predictions and hypotheses that were described by Addison and Matisoo-Smith (2010).

7.1. Lapita only ancestry for Polynesia?

Several unresolved aspects of the Lapita-only model were highlighted by Addison and Matisoo-
Smith (2010). At the time, they noted that “the anthropometric data favour a Slow-Boat or Triple-I
model for Polynesian origins” because the Lapita-associated remains did not demonstrate the robust
phenotypic characteristics of Polynesians (2010:4). In their proposed West Polynesian Triple I
model, they took it as given (based on the Lapita skeletal morphology and the modern genetic data
at the time) that the original Lapita colonists in West Polynesia would have looked genetically and
phenotypically like the indigenous populations we see in Vanuatu, New Caledonia and Western Fiji
today, in other words, they would have been carrying a significant amount of Near Oceanic admixture.

While we have little to no genome-wide data to date from New Caledonia or Fiji to include in our
analyses, we can say that the ancient genome data from the Lapita samples from Teouma and Talasiu
would contradict this assumption of a “Slow-boat” model for Lapita biological origins, as it appears
that there is little evidence of admixture from Near Oceania in the genomes of the founding Lapita
peoples. From the Admixture plot shown in Figure 2, we can see that the Lapita samples from Teouma
and Talasiu carry a combination of blue, pink and orange (light and dark) components that are from
ISEA (seen in the Philippines and Taiwan). They do not carry any green, teal or purple components
that we see in the ancient post-Lapita samples from Vanuatu, which are the likely “Papuan”
contributions to their genomes.

The representativeness of the early Lapita skeletal aDNA, given the unusual context of the crania
from which the results were recovered, has been questioned (see comments by Matisoo-Smith in
Bedford et al., 2018), but as additional early Remote Oceanic samples have been studied (e.g. the
additional ancient Tongan and Vanuatu samples), we are continuing to see a similar pattern of limited
Near Oceanic admixture in the earliest samples. It is still possible, however, given that post-mortem
removal of skulls from burials was the norm in Teouma and also common in early Talasiu, the rare
crania that are present in Lapita burial sites (and from which all of the aDNA results are obtained)
are somehow not representative of the population as a whole, or might be those of revered ancestors.
Until we can obtain DNA from the early, Lapita-associated post-cranial remains, we have to assess
the aDNA data that exist, and, thus, it appears that the first Lapita peoples in Vanuatu and Tonga were
a non- or minimally-admixed group from ISEA.

7.2.  Post-Lapita Intrusions into West Polynesia ~1500 BP?

The position of the Lapita Teouma, Lapita Talasiu and other early Tongan samples (Tonga 2600BP,
which are also from the Talasiu site but sequenced later), as can be seen in the Figure 1, are quite
distinct from the later ancient samples from Polynesia (Raiatea and Tonga) and from all modern
Polynesian samples. Interestingly, these additional Talasiu samples and the Malakula sample dated
to a similar time period, sit closer in the PCA to samples from Taiwan and the Philippines than do the
first four Lapita samples sequenced from Teouma and Talasiu. This is a strong indicator that modern
and post-Lapita Polynesians are not solely derived from the Lapita ancestors who arrived in West
Polynesia 2850 BP, and that there must be additional genetic contributions to Polynesia at some point
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after 2350 BP (minimum age for the Talasiu samples). This may be suggested in cultural changes
seen in the in burial patterns observed in later Tongan burial sites that suggest “..in addition to in
situ cultural development, the arrival of new migrants after the development of Ancestral Polynesian
Society [2650-2350 BP] probably contributed to a re-shaping of funerary practices” (Valentin et al.,
2020:1011). Hudjashov et al. (2018:6) suggest that their modern data from the Leeward Society
Islands indicate Papuan-Austronesian admixture between ~1200 and 1,700 BP, and the whole
genome results of Harris et al. (2020), indicate evidence of a massive population increase into Samoa
around 1000 BP, which they suggest could represent the arrival of new migrants. With multiple
biological and cultural signals of the arrival of new peoples in Polynesia, which would represent an
intrusion component of the West Polynesian Triple I model, the obvious question is, where did those
new migrants come from?

If, as the ancient Lapita data suggest, the first Lapita peoples did not carry substantial amounts
of Near Oceanic ancestry, then the indicators of Papuan ancestry in Polynesian genomes (seen as
green, teal and purple components in Figure 2) would have had to have been introduced after Lapita
settlement of West Polynesia. As is clear from the analyses of the late and post-Lapita Vanuatu
samples, Near Oceanic peoples from New Britain arrived in Vanuatu within a few hundred years of
Lapita settlement, resulting in a swamping of the ISEA signature there. There is some debate
regarding the Near Oceanic ancestry component of Polynesian genomes (both ancient and modern),
with both New Britain and Solomon Island ancestry being suggested. We do not think the current
data are sufficient to identify specific Near Oceanic source populations for this component in
Polynesian genomes. There is little evidence to indicate direct interaction between these populations
and Polynesians. It could be that the Papuan components came into Polynesia indirectly via Fiji either
before or as a result of the Tongan Maritime Interaction Sphere that linked West Polynesia and Fiji
through trade and elite marriages from around 1000 BP (Kaeppler & D'Arcy, 2008), but we do not
currently have any appropriate Fijian genomic data to specifically address this possibility.

It is interesting that Liu et al. (2022:78) suggest that the majority of Papuan ancestry seen in
Micronesia is the result of the arrival of males, with different Papuan genomic signatures
contributing to the genomes of people from Palau, Central Micronesia, and post-Lapita and
Polynesian ancestries. Where the Papuan ancestry of late-Lapita populations appears to be from New
Britain, Liu et al. suggested that the migration of the Lapita-derived populations into Western and
Central Micronesia likely came from the Admiralty Islands or north coast PNG (not New Britain)
rather than the southeast Solomons or northern Vanuatu as archaeological and linguistic evidence
has suggested (Kirch, 2017). It could be argued from the data presented in Figure 2 that the green
component (found at 100% in Baining) has a significant contribution to the genomes from Palau, but
we do not think the data are robust enough to identify any specific group, as there has been
significant mobility in the Pacific in the last three thousand years.

7.3. Influx of people from Micronesia?

A combination of genome-wide studies and the commensal mtDNA data reviewed by Addison
and Matisoo-Smith (2010) suggested links between Polynesia and Micronesia, which they thought
might indicate the arrival of new peoples from ISEA via the low islands of Micronesia that emerged
after the last drop in sea level ~2000 BP. We do see Micronesian-Polynesian connections in the PCA
(Fig 1) - particularly the overlap between Central Micronesia and West Polynesia. There is also a
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mixture of Samoan and Pohnpei and even a Palauan sample within the East Polynesian cluster, which
could be what we would see in an admixed West Polynesian/Central Micronesian source population
for East Polynesia. If this were the case, we might expect to see rare mitochondrial lineages shared
between Micronesians and Polynesians. The light orange component in Figure 2 dominates the
Central and Eastern Micronesian genomes, particularly the ancient samples from Nan Madol. That
same component is also seen in the Lapita samples and modern Samoans, but it is not a major
component in the East Polynesian samples and is non-existent in the ancient samples from Ra‘iatea.

We can see from the shared mtDNA haplogroup data recorded in Supplementary Table 2 that
there is some, but not strong, evidence of shared mtDNA lineages between Micronesia and West
Polynesia, except with Tuvalu and early Tokelau. The distribution of haplogroup B4alalx shows links
between the islands in the atoll arc, and is found in Guam, Chuuk, Kapingamarangi, the Marshall
Islands Tuvalu, and Tokelau. But, to date, it is not recorded elsewhere. Haplogroup B4b1aZ2i, which
originates in ISEA is recorded in Java and the Maluku Islands, on Guadalcanal in the Solomons, and
in Central and Eastern Micronesia, Nauru and Tuvalu, and in the oldest of the ancient samples
recovered from Tokelau (Gosling et al., 2023). It is also found in the ancient samples from Pohnpei
(Nan Madol), which are dated to about 500 BP (Liu et al. 2020). It has not been recorded in Western
Micronesia, or elsewhere in Polynesia, nor have any other ancestral B4b lineages. It is possible that
with improved mitogenome sampling in Polynesia, we may find a wider distribution of these rare
Pacific lineages that will help us better understand the interactions between Micronesia and
Polynesia.

7.4. Settlement of East Polynesia from the Polynesian Outliers?

Hudjashov et al. (2018) suggested that the origins of the East Polynesians were in the Northern
Outliers, rather than Samoa - in support of the hypothesis put forward by Wilson based on linguistic
evidence (Wilson, 2012, 2018, 2021). The relationships presented in Figure 1 do not really support
such a scenario. While we do see a slight separation between East Polynesia and Samoa, the
Polynesian Outliers merge into the West Polynesian samples (Tikopia and Rennell/Bellona with
Tonga in particular) but also overlap and form a fairly tight cluster with the central Micronesians,
including ancient and modern samples from Pohnpei. They are more distant from both the ancient
and modern East Polynesian samples, which also have some interesting overlap with central
Micronesian samples from Pohnpei. The complexity of the Polynesian Outlier genomes is visible in
Figure 2, but they do look fairly similar to the modern Samoans and Tongans.

From the mitochondrial perspective, we see several rare haplogroups (B4alala8 and a9 and
B4alalm1) that link the Polynesian outliers broadly with Polynesia, as would be expected if they
originated in West Polynesia and were taken both east to East Polynesia and West to the Outliers. But
there are few haplogroups that are, to date, only reported in the Polynesian Outliers and East
Polynesia. Haplogoup B4alalh is found in the Outliers (Rennell, Bellona, and Ontong Java) and in
Hawaii and Haplogroup B4alalallb is found in Bellona, Futuna, Tuvalu and the Cook Islands - but
not to date in Samoa or Tonga. There are also haplogroups, such as B4alalal6, which is found in
Tikopia, Samoa and Tonga, but not in East Polynesia, and B4alalo, reported only in Tikopia and
Tokelau. It is also possible that there were multiple pathways of introduction of new derived genetic
markers being introduced into Polynesia at different points in time - Pacific population mobility and
interaction is increasingly evident in the genomic and archaeological data that have been generated
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in the last 15 years (Allen, 2025; Clark et al., 2014; Cochrane & Rieth, 2016; Nagaoka et al., 2022;
Weisler et al., 2016).

7.5. Innovations - unique components within Polynesia

A number of haplotypes found in Polynesia are not recorded in ISEA or even in the Western
Pacific, and thus likely emerged within Polynesia. Haplotype B4alalm, which is defined by two
downstream mutations from the B4alal sequence, is recorded only in Fiji, Tonga, and Samoa. The
B4alalml lineage, a descendant lineage, is found throughout Polynesia, but at much higher
frequencies in East Polynesia and in the Polynesian Outliers (Rennell, Bellona and Ontong Java). It
has not been recorded in Micronesia, Melanesia, or in Island Southeast Asia. Haplogroup B4alalc is
also unique to Polynesia (though not recorded in Tokelau or Tuvalu) and is relatively common in East
Polynesia but rare in West Polynesia. Both of these distributions could be the result of genetic drift
during the settlement of East Polynesia from West Polynesia or, alternatively, the B4alalm1 and
B4alalc lineages may have arisen in East Polynesia (or the Outliers) and spread to West Polynesia
as a result of post-settlement interactions. Further analyses of both mitogenome variation and,
ideally, whole genome sequencing within Polynesia might be able to tease apart the fine-grained
population structure within the region and between Polynesia and other Pacific populations.

8. Conclusion

In the fifteen years since the publication of the West Polynesian Triple-I model, our
understanding of the settlement of the Pacific has changed greatly. We have now filled in some of the
major gaps that existed in our knowledge - with both increased Pacific sampling and as a result of
the technological developments that have allowed us to obtain genome-wide data from
archaeological remains.

We now have growing evidence that the Lapita peoples who settled in Vanuatu and Tonga carried
very little Near Oceanic ancestry, but that post-Lapita interactions between Near and Remote
Oceania were substantial, and likely from a number of different Near Oceanic populations. It
therefore does appear that there were later, post-Lapita arrivals of people in West Polynesia, some of
whom carried Papuan ancestry, but we cannot conclusively identify any specific source populations
or routes of introduction, though there is growing evidence of interactions between Polynesia and
Micronesia.

The generation of genomic data from Micronesia, both ancient and modern, has been a huge step
in filling that geographic gap, but we still require more data from more populations across the Pacific.
We still do not have sufficient genomic data from Polynesia that can be used in ancestry studies, and
Central and Eastern Micronesia is still not well sampled. Fiji is an obvious gap that needs to be filled
if we are to understand how the Papuan ancestry was introduced into Polynesia. There has also been
an increasing number of both ancient and modern genomic studies in Papua New Guinea that are
also contributing to our understanding of population origins and mobility in the Pacific (D. Liu et al,,
2022; Néagele et al., 2025), which could have impacts on how we interpret the settlement histories
elsewhere in the Pacific.

While the amount of genomic data being generated for Pacific populations has improved
dramatically, unfortunately, different research groups use different SNP arrays to generate their data,
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which means they are looking at different SNPs. When combining the data from a wide range of
studies, we lose a large number of non-overlapping variants. The PCA generated in Figure 1 was
based on only 56,303 SNPs that were shared across the various studies. The use of arrays is
significantly cheaper than undertaking whole-genome sequencing, and are often used to specifically
avoid SNPs that are of medical interest due to ethical considerations, but sadly the use of arrays make
data comparison difficult. Some researchers even use SNP arrays on genetic samples from the Pacific
that were designed for assessing variation in specific populations, such Latin American focused
arrays (loannidis et al., 2021), which is even more limiting.

The whole genome sequencing study by Harris et al. (2020) showed that rare variants are
extremely important for reconstructing the population structure in Samoa. Unfortunately, because of
the consents given in the collection of those samples, they are not publicly available for further
ancestry analyses. To date, the genomic SNP arrays that are typically used to generate ancestry data,
such as those used to generate the PCA shown in Figure 1, would not include variants that are
considered to be rare worldwide, but some of these variants may be less rare within the Pacific. Such
Pacific-specific variants are likely to be what is needed to untangle the ancestral relationships within
the Pacific, and therefore, we would suggest that future studies engage in whole-genome sequencing
whenever possible.

There is an increasing awareness of the importance and value of community engagement and
capacity building in Pacific research - this is common in archaeological research, but typically has
been less so in genomic research. We argue strongly for full community consultation and
collaboration in genomic studies in the Pacific. As real collaborative relationships are established and
more Indigenous Pacific researchers are being trained and are contributing to genomic research
through projects like the Summer internships for INdigenous peoples in Genomics (SING) that are
now involving several Pacific communities (e.g. see https://www.singaotearoa.nz/ and

https://www.uog.edu/singmicro), we are confident that more genetic studies in the Pacific will
happen with full community consent and decision making over use of the data. Both sampling and
the interpretation of results will benefit from community engagement and the incorporation of
Indigenous knowledge of historic interactions, which will help us tease out the various threads that
make up the complex tapestry of Pacific pasts. Pacific peoples are interested in their history but
perhaps they are even more interested in how their past, including their genetic makeup may be
impacting their health and their futures.
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