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The human settlement of the Pacific in general, and the origin of
the Polynesians in particular, have been topics of debate for over
two centuries. Polynesian origins are most immediately traced to
people who arrived in the Fiji, Tonga, and Samoa region �3,000
B.P. and are clearly associated with the Lapita Cultural Complex.



innovation or development of new, unique components. For
Lapita settlement of Remote Oceania, Green presents set E,
which describes a rapid and rather unstable process he identifies
as a Mobile Founding Migrant category of models. Using
mtDNA phylogenies of the commensal Pacific rat, we can test
these models of Lapita origins for both Near and Remote
Oceania.

The Pacific rat, R. exulans, is the third most widely dispersed
rat species, with a distribution that ranges from mainland
Southeast Asia, throughout Island Southeast Asia and across the
Pacific as far as Easter Island. It is believed to originate in island
or peninsular southeast Asia (2, 6) and was not in Near Oceania
before the Holocene (7). Rattus exulans skeletal remains first
appear in Remote Oceania in Lapita settlements, generally in
the earliest layers, and are present in all archaeological sites
associated with both Lapita and with the later Polynesian
settlement. The ubiquitous distribution and the fact that skeletal
remains occur in large numbers in archaeological middens
suggests that R. exulans was intentionally introduced, possibly as
a food item. These rats do not swim so cannot self disperse (8).
Therefore a phylogeographic analysis of R. exulans populations
should provide evidence of the origins of the canoes that
transported the animals, and thus shed light on the origins of
both the Polynesians and the Lapita peoples.

In addition to R. exulans, people associated with the Lapita
horizon also introduced dogs (Canis familiaris), pigs (Sus sp.),
and jungle fowl (Gallus gallus) to the islands they settled. Unlike
R. exulans, these animals were the same species carried by
Europeans as they moved into the Pacific. Thus, just as with
humans, there has been substantial admixture between Pacific
and European populations over the intervening 300 plus years.
R. exulans, on the other hand, is a distinct species from the rats
introduced by Europeans (Rattus rattus and Rattus norvegicus),
and so does not interbreed with them. Unlike human remains in
the Pacific, R. exulans remains are numerous in archaeological
sites and generally available for analyses. Therefore, R. exulans
is particularly valuable in that the analysis of both ancient and
modern samples provides a diachronic approach to population
studies. This allows the rare opportunity to identify changes
through time and to see how well modern populations represent
past populations.

Previous research focused on mtDNA variation within East
Polynesian populations of R. exulans (9) and showed that this rat
was an excellent proxy for tracing the movement of prehistoric
Polynesian peoples. Our analyses identified interaction spheres
and specific population origins within Polynesia. Here, to ad-
dress the more contentious debate of Polynesian and Lapita
origins, we have combined these and additional Polynesian data
with mtDNA sequences from the Western Pacific and Island
Southeast Asian R. exulans populations, both ancient and mod-
ern. This analysis of R. exulans through time and space allows us
the unique opportunity to test the various theories proposed for
the human settlement of the Pacific with a degree of control not
previously possible.

Materials and Methods
Overall, we analyzed sequence data from a total of 131 samples
in this study. A collection of 64 R. exulans bone samples were
acquired from the American Museum of Natural History for
analysis. We obtained sequence data for 33 of the 64 samples.
Most of these specimens were collected between 1921 and 1963.
Three from Halmahera were collected in 1993. We also obtained
mtDNA sequence from 87 bone samples from R. exulans recov-
ered from archaeological excavations and natural cave sites
throughout the Pacific. Fresh tissue samples were obtained from
the north coast of Papua New Guinea and Thailand. These and
six of our previously studied samples from Polynesia (9) were
reamplified and sequenced with the same primers used for all

other samples in this study. Sample information is available in
Table 1, which is published as supporting information on the
PNAS web site.

DNA was extracted from bones by using a modified silica�
guanidinium thiocyanate method (10). Fresh tissues were ex-
tracted as described (9). We amplified and sequenced �240 base
pairs of the hypervariable mitochondrial control region; see
Supporting Text, which is published as supporting information on
the PNAS web site, for specific methods.

All extraction and pre-PCR processing of bone material was
conducted in a separate, dedicated ancient DNA laboratory with
all precautions taken to avoid and identify any potential con-
tamination (11). In addition, a randomly chosen subsample of
specimens representing each identified haplogroup was repli-
cated in an independent laboratory at Massey University (Palm-
erston North, New Zealand). From each of these specimens, a
second bone was removed from an articulated cranial sample,
and sent for DNA extraction, PCR amplification, and direct
sequencing. All resulting sequences were identical to those
obtained originally. Ancient DNA sequences were also com-
pared to those obtained from fresh tissue in each of the major
geographic regions (Southeast Asia, New Guinea, and Polyne-
sia), to confirm their ‘‘phylogenetic sense’’ (11).

A total of 32 distinct haplotypes with 27 variable sites were
identified. We constructed an unrooted neighbor-joining (NJ)



A strong tree-like pattern is predicted by the ETP model.
However, given this model, we would expect to see a single
central node which includes Taiwan samples, with Oceanic
samples radiating out from that node. In Wodzicki and Taylor’s
map for the distribution of R. exulans (15), the species is not
recorded in Taiwan. Recently, however, R. exulans has been
reported in both Taiwan and the Ryukyu Islands (16), although
the authors suggest that it is a recent ‘‘invader’’ there. mtDNA
analyses of the Taiwanese R. exulans (17) identified very little
variation (�0.5%) in the 35 samples sequenced, which is con-
sistent with a recent introduction. To date, no archaeological
evidence of R. exulans in Taiwan exists. In addition, the proposed
speed of dispersal associated with the ETP model would not



esting, suggesting an interaction sphere�spheres encompassing
this region, from the Philippines and Southern Indonesia
through the Solomon Islands. This is consistent with archaeo-
logical evidence of obsidian trade (18, 19), animal translocations
(7) between ISEA and Near Oceania, and post-Lapita interac-
tions including the Reef�Santa Cruz group (20, 21). Thus, it fits
with the first part of the SBB model for Lapita origins. However,
the relationship between haplogroups II and III is not consistent
with the second part of the SBB model, which posits a rapid
dispersal from Near to Remote Oceania, which would result in
the inclusion of Near Oceanic samples in haplogroup III.

Haplogroup III is clearly distinct from haplogroup II and
consists of all samples from Remote Oceania, including all of
those from Polynesia, the Northern Marianas, and the Polyne-
sian outliers of Kapingamarangi and Nukuoro, in the south of the
main Caroline group. These outliers are believed to be settled as
the result of a back migration from Polynesia (1).

Unlike haplogroup II, in which samples all radiate from the
central node of halplotype 2, haplogroup III appears to be more
complex. The majority of samples belong to and�or radiate from
the central node, haplotype 9, which represents not only the
consensus sequence from our previous study of extant Polyne-
sian R. exulans (n � 132), but also is found in most archaeological
samples from East and West Polynesia, New Caledonia, Vanu-
atu, the Northern Marianas, and Nukuoro. We refer to this as
subgroup IIIB. Group IIIB appears to be derived from subgroup



mid-Holocene (19). R. exulans and R. praetor remains were only
found in level 2 and above in Baluf, New Ireland, which dates to
3,120 B.P. (7). However, at Panakiwuk, also on New Ireland,
where R. praetor was found as early as 13,000 B.P., three R.
exulans bones were also recovered from levels dated to between
8,000 and 13,000 B.P. It has been suggested (25) that the R.
exulans bones were not in situ and are present in these layers as
a result of disturbance, although there is no other evidence for
this. Given that people were transporting a range of other
animals within and between Near Oceania and Island Southeast
Asia during the early Holocene and before, it is possible that R.
exulans was also introduced before the arrival of the Lapita
peoples. Only precise dating and sequencing of rodent remains
from sites with faunal material from 10,000–3,000 B.P. in Near
Oceania will resolve this question.

Alternate Routes of Dispersal? If we sample the small Lapita
targets in Near Oceania, and do not find group III rats on those
islands, we have to look at the possibility of an alternative route
of dispersal to Remote Oceania. Two distinct routes of intro-
duction of R. exulans into the Pacific were suggested by Tate (2)
based on morphological variation in the species. Tate proposed
one introduction from Island Southeast Asia into Near Oceania,
and another from Island Southeast Asia, through Micronesia



postsettlement interactions in this region (44). Green’s Mobile
Founding Migrant models for the settlement of Remote Oceania


