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To investigate the paternal population history of populations in Northern Island Melanesia, 685 paternally unrelated males
from 36 populations in this region and New Guinea were analyzed at 14 regionally informative binary markers and 7 short
tandem repeat (STR) loci from the nonrecombining portion of the Y chromosome. Three newly defined binary markers
(K6-P79, K7-P117, and M2-P87) aided in identifying considerable heterozygosity that would have otherwise gone un-
detected. Judging from their geographic distributions and network analyses of their associated STR profiles, 4 lineages
appear to have developed in this region and to be of considerable age: K6-P79, K7-P117, M2-P87, and M2a-P22. The
origins of K5-M230 and M-M4 are also confirmed as being located further west, probably in New Guinea. In the 25
adequately sampled populations, the number of different haplogroups ranged from 2 in the single most isolated group
(the Aita of Bougainville), to 9, and measures of molecular diversity were generally not particularly low. The resulting
pattern contradicts earlier findings that suggested far lower male-mediated diversity and gene exchange rates in the region.
However, these earlier studies had not included the newly defined haplogroups. We could only identify a very weak signal
of recent male Southeast Asian genetic influence (,10%), which was almost entirely restricted to Austronesian (Oceanic)-
speaking groups. This contradicts earlier assumptions on the ancestral composition of these groups and requires a revision
of hypotheses concerning the settlement of the islands of the central Pacific, which commenced from this region.

Introduction and Background

Human populations in Northern Island Melanesia are
particularly diverse and distinctive because of their very
long and relatively isolated settlement history. Yet, prior
studies of variation in the nonrecombining portion of the
Y chromosome (NRY) that included some populations
from this region did not suggest any particular structure
or heterozygosity there (Cox 2003; Kayser et al. 2003).
Our intensive sampling effort, coupled with an analytic bat-
tery that included newly identified single-nucleotide poly-
morphisms (SNPs), has now revealed considerable NRY
variation in this region.

Portions of Northern Island Melanesia were settled by
modern humans at least 42 000 years before present (YBP)
(Allen 2003; Leavesley and Chappell 2004), apparently not
long after they reached New Guinea, which was joined at
that time to Australia, forming the ancient Pleistocene con-
tinent of Sahul. New Guinea and adjacent Northern Island
Melanesia constitute the region of Near Oceania, and the
populations there were at the eastern edge of the human spe-
cies range until 3200 YBP.

The earliest populations of Northern Island Melanesia
were small groups of hunter-gatherers. They did not simply
roam the coasts and lagoons but intermittently settled the
interiors of the large islands (Pavlides and Gosden 1994;
Allen 2003). The intentional introductions of plants and
animals from New Guinea over the following millennia
indicate continuing outside contacts at a modest level.
The colonization of relatively remote Manus Island prior
to 20 000 YBP infers the use of steerable watercraft such
as canoes (Allen 2003). People had successfully made the

windward crossing to Bougainville from New Ireland by
29 000 YBP, and after 20 000 YBP, there was a detect-
ableandrepeatedtrickleofNewBritainobsidiantoNewIreland
and other nearby islands up to ;7000 YBP (Summerhayes
and Allen 1993). The implication of these data is that iso-
lation of these small island populations was an incomplete
but persistent condition across the region for tens of thou-
sands of years during the Upper Pleistocene. By extension,
movements between Near Oceania and Island Southeast
Asia also would have been intermittent and small in scale.

The languages dating to this period, referred to as Pap-
uan, are so old that their ties to one another are ambiguous
and open to controversy (Wurm 1975; Ross 2001; Dunn
et al. 2002, 2005; Reesink 2005; Ross 2005). The most re-
cent analysis suggests an ‘‘archipelago-based’’ relationship
of the Island Melanesian Papuan languages (Dunn et al.
2005), with very separate New Britain and Bougainville
clusters, and the New Ireland Kuot in between. The Papuan
languages of New Guinea are unrelated to those in Island
Melanesia. These include the large Trans New Guinea lan-
guage family, spoken across the mountainous interior, as
well as a number of other language families, especially
in the north, including the Sepik River region.

It was also in a section of Northern Island Melanesia,
the Bismarck Archipelago, that the Lapita cultural complex
developed within a short period and subsequently spread to
many formerly uninhabited islands of the Pacific by 3200
YBP (Pawley and Green 1973; Shutler and Marck 1975;
Green 1997; Spriggs 1997). Lapita is associated with the de-
velopment of the large Oceanic branch of the Austronesian
languages. Although the Austronesian language family has
its origin in the vicinity of Taiwan (Gray and Jordan 2000),
all Austronesian languages spoken from western New
Guinea across the Pacific belong to its Oceanic branch, in-
cluding all those in our sample. The degree to which the en-
tire Lapita phenomenon represented an intrusion of people
and material culture into Northern Island Melanesia from
Southeast Asia and Taiwan, a fusion of Southeast Asian
and indigenous Island Melanesian components, or an essen-
tially autochthonous Island Melanesian development, is still

1 Present address: Division of Human Genetics, Children’s Hospital
of Philadelphia, Abramson Research Center, Philadelphia.

Key words: Melanesia, NRY, Pacific, phylogeography, Bismarck
Archipelago.

E-mail: scheinfeld@email.chop.edu.

Mol. Biol. Evol. 23(8):1628–1641. 2006
doi:10.1093/molbev/msl028
Advance Access publication June 5, 2006

� The Author 2006. Published by Oxford University Press on behalf of
the Society for Molecular Biology and Evolution. All rights reserved.
For permissions, please e-mail: journals.permissions@oxfordjournals.org



under hot debate by archaeologists (for a review see Green
2003).

Genetic distributions across the region are consistent
with a very long and complex history, with substantial early
isolation. Populations in Northern Island Melanesia retain
distinctive genetic signatures, best understood until now for
mitochondrial DNA (mtDNA) variants (Ingman and
Gyllensten 2003; Friedlaender et al. 2005a, 2005b, forth-
coming; Merriwether et al. 2005). Along with aboriginal
populations from Australia, the Andaman Islands, the
Philippines, and Malaysia, these groups have long been sus-
pected of retaining genetic ties to South Asia and to some of
the earliest migrations of modern humans out of Africa
(Underhill et al. 2000), although the timing and number
of these exoduses remain controversial and unresolved
(Cordaux and Stoneking 2003).

However, for the Late Holocene, the reported mtDNA
and NRY patterns of variation have been contradictory and
controversial. The mtDNA evidence supports an Aborigi-
nal Taiwan origin of the haplotype that formed the back-
ground on which the so-called ‘‘Polynesian Motif’’
developed in Near Oceania, where it has extremely high
frequencies in many populations, before spreading to Re-
mote Oceania (Trejaut et al. 2005; Friedlaender et al. forth-
coming). This has been interpreted as supporting a clear and
pervasive ancestral/descendant relationship between Tai-
wan Aboriginal populations and Austronesian-speaking
groups in Near and Remote Oceania. On the other hand,
previous NRY studies have found very little evidence for
a link between Taiwan Aboriginal or Southeast Asian pop-
ulations and those of Near or Remote Oceania, suggesting
that the Polynesians and Micronesians are primarily derived
from Near Oceanic (Melanesian) populations (Kayser et al.
2000; Su et al. 2000; Capelli et al. 2001). Therefore, it is
unclear how much of a recent Southeast Asian/Taiwanese
connection exists in the contemporary genetic profile of
Near and Remote Oceanic populations and how these pro-
files relate to models of the settlement of Remote Oceania.

Here we describe NRY variation in an intensively
studied series of populations in the key region of Northern
Island Melanesia. To characterize the paternal lineages in
this region, we utilized a battery of SNPs that includes 3
highly informative new markers, in addition to 7 commonly
typed short tandem repeats (STRs). The combination of in-
tensive sampling and testing with a finer SNP screen reveals
just how remarkable and old the NRY variability across this
small region is and relates variation within the region more
clearly to that reported elsewhere in the Pacific.

Materials and Methods

The samples were selected from our Northern Island
Melanesian collection of over 1500 blood samples from 3
field seasons led by J Friedlaender and G Koki—1998,
2000, and 2003. The collection covers 36 language groups
and dialects in the region, from both Oceanic and Papuan
language families. The sample design focused on Papuan-
speaking groups in New Britain, New Ireland, and north
Bougainville and their Oceanic-speaking neighbors.

Information gathered on survey participants included
their language, residence, and a short genealogy. A total of

685 males who appeared to be paternally unrelated based on
the short genealogy constitute the sample for this particular
study. Of the 36 groups, 25 had sample sizes of 10 or more.
The samples from New Guinea do not represent a true pop-
ulation because they were men from a number of areas (pri-
marily the Sepik) who had settled in the Northern Island
Melanesian region. Also, one of the islands (Mussau)
was only represented by a single sample set and was there-
fore excluded from the core population analysis. Therefore,
although we report the results for all 36 groups, only the 23
that were adequately covered and constitute multiple pop-
ulation sets within major island subdivisions were included
in most statistical analyses (analysis of the molecular var-
iance [AMOVA] and multidimensional scaling [MDS]).

The samples were collected and analyzed with
informed consent protocols approved by the appropriate
Human Subjects Ethical Committees of Papua New
Guinea and Temple University. DNA from the samples
was extracted using the Gentra Systems Puregene Geno-
mic DNA Isolation Kit (Gentra Systems, Minneapolis,
Minnesota).

Our choice of the NRY SNP markers followed the
YCC tree (Jobling and Tyler-Smith 2003) as abstracted
in figure 1, and we followed their lineage naming terminol-
ogy. The 14 SNPs that were regionally informative are
shown. P79 and P117 identify new subdivisions within hap-
logroup K (defined by M9), now named K6-P79 and K7-
P117. P87 lies within the M lineage (defined by M4) and is
a predecessor of P22, which identifies M2a-P22. Those
samples that were positive for P87 but negative for P22
were listed as M2-P87*. We also tested for the 50f2/c de-
letion (Jobling et al. 1996) that was found only on the K
background in our series. We chose 7 STR loci for analysis
because they had been reported as polymorphic and infor-
mative in the Southwest Pacific in earlier studies: DYS19,
DYS389I, DYS389II, DYS390, DYS391, DYS392,
DYS393 (Forster et al. 1998; Kayser et al. 2001).

The panel of SNP markers employed in this study
comes from previously published work: M89, M201,
M69, M170, M9, RPS4Y (M130), M175, M4, M230,
M74, M38, M119, M122, P22, M16, and M208 (Kayser
et al. 2001; Underhill et al. 2001). In each case, we used
25 ll polymerase chain reactions (PCRs) utilizing reagents
purchased from Applied Biosystems (Foster, California):
2 ll DNA (50 ng/ll concentration), 2.5 ll 103 buffer,
2.5 mM MgCl2, 2 ll deoxynucleoside triphosphate, 0.2 ll
Taq Gold polymerase, 0.25 ll of each 25 lM primer (for-
ward and reverse), and 15.3 ll distilled H2O. Previously
published primers were utilized (Kayser et al. 2001; Under-
hill et al. 2001).

The genotyping methods for the 3 novel SNPs are as
follows. Two SNPs were sequenced: P79 and P87. The P79
PCR is 1135 bp, the mutation is a T / C change at base
258, and the primers are F: ttgtttgcctcgcttgtg and R: tctga-
gaatagtcaagatgt. The P87 PCR product is 676 bp, the mu-
tation is an A / C change at base 224, and the primers are
F: acagcgagcagtaagtaa and R: actaacctcacccaatct. The P117
PCR product is 1081 bp, and the mutation is a G / T
change at base 68. The T mutation looses anMnlI restriction
site, and the primers are F: ctgattattcttttctaccttg, R: gttatgc-
caggaaacatgcc.
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For the statistical analyses, we used the program
ARLEQUIN 3.000 to calculate several population genetic
parameters. These included measures of population diver-
sity and distances on the SNP data (Ĥ and FST) and STR
data (average pn and RST), respectively (Schneider et al.
2000). The NRY haplogroup data were entered restriction
fragment length polymorphism data with a haplogroup list.
To display the population NRY haplogroup distances, we
performed nonparametric MDS on the pairwise SNP FST

values, using the SPSS software program. AMOVA (again
using ARLEQUIN 3.000) was run on different formats or
population partitioning schemes: 23 core populations (as
notated in table 2 with an asterisk), 3 islands (New Ireland,
New Britain, and Bougainville), and 2 language groupings
(Austronesian and Papuan).

Median-joining networks based on microsatellite var-
iation within each haplogroup were constructed using the
NETWORK 4.1.1.2 program (Bandelt et al. 1999). The re-
duced median output (threshold 5 1) was used as input for
the median-joining network, which was used for the Steiner
output. For all statistical analyses, DYS389I was subtracted
from DYS389II because the DYS389II PCR product also
contains DYS389I. It was not possible to include each mu-
tational step between nodes because of the complexity of
the networks; however, the distance between nodes was

kept to scale relative to the number of steps between each
haplotype. NETWORK 4.1.1.2 was also used for generat-
ing mismatch distributions from these same files.

To estimate haplogroup divergences, the ancestral
node was identified from the network and run in the Ytime
program (Behar et al. 2003), using the estimated mutation
rate of Zhivotovsky et al. (2004). This method was employed
because it is relatively straightforward, easily replicable, and
we were particularly interested in the relative dating of the
haplogroups rather than the age of each population split.

Results

Table 1 summarizes the incidences of NRY SNPs that
have commonly been screened in populations across South-
east Asia and Oceania. We were particularly interested in
comparing our data with these 2 regions and were therefore
forced to limit table 1 to data containing comparable sets of
SNPs. Table 2 presents the extended SNP results for the
populations in our Northern Island Melanesian series, as
well as the 37 New Guinea men who had settled in the re-
gion. It also includes measures of SNP and STR population
diversity. Figure 2 shows the geographical frequency of the
SNP haplogroups by major population in our series for
Northern Island Melanesia. Even at first inspection, the

FIG. 1.—The phylogenetic relationship of 14 NRY haplogroups based on 22 SNPs. The results on 18 SNPs (in black) are summarized by primary
island group in the right hand column (New Hanover is merged with New Ireland). The SNPs in gray are presented only for context but have not been
analyzed in the current study.
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SNP variation across Northern Island Melanesia is remark-

able. Not only did New Guinea, New Britain, New Ireland,

and Bougainville have very different SNP signatures but

SNP frequency variation within islands was also clear, most

especially for New Britain, the largest and best-sampled

island in the survey.

Lineage C-RPS4Y

C is considered the oldest lineage in Asia and the
Southwest Pacific, likely introduced with the first settlers
of both the Sunda shelf and the ancient continent of Sahul,
with an estimated origin time of perhaps 50 000 YBP
(Underhill 2004). The C3 division is Asian, found as far

Table 1
Y Chromosome Lineage Frequencies of Island Melanesia and Nearby Regions

Haplogroup Frequencies (%)

M89 RPS4Y M38 M208 M217 390.1d M9 M230 M4 P22 M175 M119 M95 M122 M74 M173

N F* C* C2* C2b C3 K* K5 M* M2a O* O1a O2a O3 P R Other Sourcea

Asia
Korea 25 8 0 0 0 12 0 8 0 0 0 32 4 0 28 4 4 a
China 36 0 0 0 0 6 0 11 0 0 0 0 22 3 58 0 0 a

Southeast Asia
Vietnam 11 0 0 0 0 9 0 0 0 0 0 0 9 36 46 0 0 a
Taiwan Chinese 26 0 0 0 0 4 0 4 0 0 0 12 23 0 58 0 0 a

Aborigines 43 0 0 0 0 0 0 0 0 0 0 5 79 5 12 0 0 a
Paiwan 53 0 0 0 0 4 96 0 0 0 c
Bunun 50 0 0 0 0 0 74 24 2 0 c
Atayal 50 0 0 0 0 0 98 0 2 0 c
Ami 53 0 0 0 0 4 43 6 47 0 c
Yami 40 0 2 ? ? ? 0 0 0 70 28 0 0 c

Philippines 115 1 4 0 0 1 0 20 2 0 0 0 28 3 39 0 2 a, c, f
Malaysia 50 6 2 0 0 4 0 8 0 2 0 0 8 32 30 0 4 5 a, f
Java 53 2 2 0 0 0 0 2 0 0 0 2 23 42 23 2 4 a
S. Borneo 40 5 0 3 0 3 0 10 0 0 0 5 15 38 18 3 3 a
Balinese 551 0 2 0 0 0.2 1 0.4 1 18 59 7 0 4 8 e
E. Indonesia 55 0 6 27 0 0 20 13 13 ? 13 9 f
Moluccas 34 0 9 15 0 0 0 18 21 21 0 0 6 0 12 0 0 a
Nusa Tenggara 31 0 7 16 0 0 0 32 10 7 0 0 23 0 3 0 3 a

New Guinea
WNG Highlands 94 0 0 0 25 0 0 0 0 75 0 0 0 0 1 0 0 a
WNG Lowlands/

Coast 89 0 0 9 0 0 0 11 2 78 0 0 0 0 0 0 0 a
PNG Coast 31 0 3 13 10 0 0 16 16 29 0 0 0 0 10 3 0 a
PNG Highlands 31 0 0 3 0 0 0 7 52 36 0 0 3 0 0 0 0 a
PNG Highlands 7 0 0 0 0 0 0 29 57 14 0 0 0 0 0 0 g

Coast 25 0 0 8 28 0 0 16 32 12 4 0 0 0 0 0 g
Island Melanesia

Trobriand Islands 53 0 0 0 9 0 0 23 0 30 0 0 28 0 9 0 0 a
Manus 7 0 0 0 14 0 0 29 29 0 14 0 14 0 0 0 g
New Britain East 145 0 0 3 1 0 0 57 8 11 15 1 1 ? 3 0 g

West 245 0 0 1 0.4 0 0 64 3 7 16 0 3 0 5 0.4 ? g
Mussau 20 0 0 0 5 0 0 75 0 5 15 0 0 0 0 0 g
New Hanover 43 0 0 0 0 0 0 12 2 12 70 2 2 ? 0 0 g
New Ireland 109 0 0 7 1 0 0 29 6 21 27 5 4 ? 0 0 g
Bougainville North 54 7 0 2 0 0 0 48 2 2 18 4 15 ? 2 0 g

Central 18 0 0 0 0 0 0 17 0 0 83 0 0 0 0 0 g
Vanuatu 234 0 18 ? ? ? ? 41 6 30 ? 0 0 0 4 0 2 b
Fiji 55 0 3 ? ? ? ? 41 ? 15 ? 6 9 26 c

Polynesia
Tonga 55 0 23 ? ? ? 1 ? 8 ? 0 2 0 58 0 8 c
Western Samoa 16 0 69 ? ? ? 6 ? 0 0 6 6 13 0 c
Cook Islands 28 0 0 0 82 0 0 4 0 0 0 0 0 0 7 0 7 a
Atiu 42 0 84 ? ? ? 1 ? 0 0 0 0 3 3 9 c
French

Polynesia 87 0 53 ? ? ? 8 ? 0 0 2 0 35 2 c
Maori 54 0 42 ? 0 4 ? ? 5 33 16 d

Australia
Arnhem 60 2 10 0 0 0 53 30 0 0 0 0 0 0 0 0 5 a
Desert 35 3 0 0 0 0 69 17 0 0 0 0 0 0 3 0 9 a

NOTE.—? 5 untested. Data from current study are shown in bold italics.
a Data sources—a: Kayser et al. (2003), b: Cox (2003), c: Capelli et al. (2001), d: Underhill et al. (2001), e: Karafet et al. (2005), f: Hammer et al. (2005), and g: this study.
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to the east as Borneo, and a special branch of C occurs ex-
clusively in Aboriginal Australia. Although C-RPS4Y*
(xM38, M217, DYS390.1del) is found in low frequencies
across Southeast Asia, Taiwan, Indonesia, and Australia, it
has been identified in only a few coastal New Guinea sam-
ples and not in our series or further to the east in Remote
Oceania. This is an example of a paragroup (designated by
an asterisk suffix in the YCC nomenclature), which consists
of samples or lineages belonging to a clade, but not assign-
able to any of its tested subclades.

Lineage C2-M38*(xM208)

Besides the unique Aboriginal Australian lineage
shown in table 1, there are separate branches of C that
are native to Near Oceania. Although C2-M38* has been
identified as far west as Borneo, its major concentration
appears to be in eastern Indonesia and coastal New Guinea.

The 17 C2-M38* samples identified in our series were
primarily found in New Ireland (and in the Tolai, who
migrated from southern New Ireland to East New
Britain). One north Bougainville Teop (Oceanic) was also
C2-M38*.

Lineage C2b-M208

This subdivision of C has been particularly interesting
because it was found in high frequencies in the highlands of
West Papua and in 23 of 28 typed Cook Islanders (Kayser
et al. 2003). As a result, it was taken as evidence for the
Melanesian (New Guinea) origin of most Polynesian males
(Kayser et al. 2000, 2003). Surprisingly, only 14 C2b-
M208 samples were found in our series, 7 of which were
from the Sepik region of New Guinea. All but one of the
remainder from our Island Melanesian series was from
Oceanic-speaking groups.

Table 2
Y Chromosome Lineage Frequencies in Island Melanesia

Haplogroup Frequencies (individuals)

Island M89 M38 M208 M9 M230 P79 P117 M4 P87 P22 M175 M119 M122 M74
Region Populationa Languageb N F* C2* C2b K* K5 K6 K7 M* M2* M2a O* O1a O3 P

New Guinea
PNG Coast North Coast 25 2 7 2 8 2 2 1 1

Markham 1 1
Rigo 2 1 1

PNG Highlands Eastern Highlands 4 3 1
Morobe Highlands 1 1
Western Highlands 2 1 1

PNG Island Misima 2 2
Manus 7 1 1 2 1 1 1
New Britain

West New Britain Kove* O 24 8 1 7 2 1 4 1
Anêm* P 34 1 5 3 2 16 5 2
Mangseng* O 11 5 1 3 1 1
Mamusi* O 43 10 17 1 11 4
Nakanai* O 36 2 8 1 8 8 1 2 1 5
Loso (Nakanai)* O 15 4 5 1 5
Mengen* O 23 6 9 4 2 2
Melamela* O 14 1 5 5 3
Ata* P 45 13 2 12 2 1 15
Kol P 4 3 1

East New Britain Tolai* O 49 4 2 10 10 8 1 9 5
Sulka* P 33 17 6 4 3 1 2
Mali (Baining)* P 24 1 1 8 6 8
Kaket (Baining)* P 39 2 1 16 9 9 2

Mussau 20 1 5 10 1 3
New Hanover Lavongai* O 43 5 1 5 30 1 1
New Ireland

New Ireland (O) Tigak* O 21 2 3 2 2 1 8 1 2
Nalik* O 17 2 4 1 7 2 1
Notsi* O 14 2 1 4 3 3 1
Madak* O 19 4 1 4 6 3 1
Patpatar O 6 2 1 2 1

New Ireland (P) Kuot* P 32 2 5 1 6 10 7 1
Bougainville

North Bougainville Saposa* O 26 4 14 2 1 2 3
Teop* O 18 1 6 1 2 4 1 3
Buka* O 10 1 1 4 1 2 1

Central Bougainville Aita* P 18 3 15
South Bougainville Nagovisi 1 1

Siwai 2 1 1
685 4 17 14 150 41 124 60 24 46 153 10 23 18 1

a Core populations denoted with *.
b Languages: O-Oceanic, P-Papuan.
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Lineage C4-P55

This branch was found in one sample in our series
from the New Guinea highlands (not shown, but included
in diversity calculations).

Lineage K-M9

K-M9* is the residual paragroup defined by the pres-
ence of M9 and the absence of the other haplogroup-
defining polymorphisms within it. As shown in figure 1,
lineage K was by far the most common macrohaplogroup,
but we have been able to detect a number of haplogroups
within it.

Most of the populations included in table 1 were
tested for K5-M230, but not for the newly defined
K6-P79 and K7-P117 haplogroups, which were tested
in our series only. Therefore, K-M9* from earlier studies
may include representatives of these new haplogroups,
but from their very restricted distributions described be-
low, this appears unlikely. In the Southwest Pacific, K-
M9* is particularly common in Wallacea, the Trobriand
Islands, sections of New Britain and New Ireland, and
Fiji.

Lineage K5-M230

This was one of the first polymorphisms found to sub-
classify K-M9* Y chromosomes in Melanesia (Kayser et al.
2003). It has been found as far west as Bali, where it is rare,
in eastern Indonesia (10%–20%), but it reaches its greatest
frequency in the highlands of Papua New Guinea (52%),
before declining in frequency in Island Melanesia. It has
not been found in those Polynesian samples that have been
tested (Kayser et al. 2003; Karafet et al. 2005). It therefore
appears to be a ‘‘Highlands New Guinea’’ marker with
a likely origin there. A large portion of our New Guinea
samples (35%) also fall into the K5 lineage (primarily
among Sepik men), and it is relatively common among
the Tolai and New Ireland populations but almost absent
in Bougainville.

Lineage K1-M177

K1-M177 has generally been considered a private
polymorphism, only identified in a single Papuan-speaking
Nasioi individual collected in a cell line by J Friedlaender
from Bougainville (Whitfield et al. 1995). When it was sub-
sequently incorporated in Pacific population surveys, it had

FIG. 2.—NRY haplogroup frequency distributions across 24 Northern Island Melanesian populations. Red nodes represent the location of the sam-
pled populations. Dark shading denotes the Papuan language distributions and lighter shading denotes Oceanic languages.

Island Melanesian NRY Variation 1633



not been found (Cox 2003) until another K1-M177 individ-
ual was identified in Malaita, Solomon Islands (Cox and
Lahr 2006). We have not been able to identify it in our
new Bougainville series, but it should be included in future
regional surveys. The 2 cases of K1-M177 are not shown in
the tables.

K6-P79

Lineage K6-P79, recently identified, has not been
screened widely but was common in our series. It was in-
frequent along the New Guinea coast but frequent among
the Mussau and certain inland New Britain populations: 2
Papuan-speaking (Ata and Kaket Baining) and one inland
Oceanic-speaking group (Mamusi). It also had an apprecia-
ble frequency in central New Ireland, including the Papuan-
speaking Kuot. It was uncommon in Bougainville.

K7-P117

Lineage K7-P117 had a more restricted distribution
than K6-P79. Because it was also only recently character-
ized, it has not been screened outside our series. Except
for 3 samples from north Bougainville, it was limited to
New Britain populations and undetected in New Ireland.
K7-P117 was particularly common in certain Papuan
groups. In the Anêm (where K6-P79 was low in frequency),
47% were K7-P117. There was a similar preponderance
of K7-P117 to K6-P79 frequencies in the Baining Mali.
In contrast, K7-P117 was absent in a number of groups where
K6-P79 predominated (the Mamusi, Ata, and Mussau).

50f2/c (data not shown)

We discovered that the 50f2/c deletion occurred in
a subset of 3 different haplogroups within the K lineage
in our series: in 21% of our K-M9* samples, 14% of our
K6-P79 samples, and 5% of the K7-P117 samples. It oc-
curred almost exclusively in New Britain samples. Because
of its peculiar distribution and clear recurrence, we have not
incorporated the 50f2/c results in further analyses.

Lineage M

The M haplogroup is heavily Near Oceanic in its dis-
tribution, found only in a very few samples to the west of
the Wallace Line (see table 1). Again, its subdivisions have
not been regularly screened, but from our series, its diver-
sity suggests its major expansion (and perhaps origin) in
Near Oceania (table 2).

Lineage M-M4*(xP87)

Twenty-four samples were assigned in our series to
paragroup M-M4*. These were scattered widely from
New Guinea (Sepik, Markham Valley, and Eastern High-
lands) to New Ireland. Its highest frequency was in the
Papuan-speaking Anêm, along with their Kove neighbors
in far western New Britain.

Lineage M2-P87*(xP22)

M2-P87* is another recently identified paragroup that
in this case subdivides the M clade and was found in 46
individuals in our series. It was almost entirely restricted

to New Ireland and east New Britain and was most common
in the Papuan-speaking Kuot and both Baining groups
there. It was also found in their immediate neighbors in
lower frequencies.

Lineage M2a-P22

This lineage was the most frequently occurring hap-
logroup in our population (153 positive samples). It oc-
curred in particularly high frequencies in the isolated
Papuan-speaking Aita of Bougainville (.80%), in New
Hanover (70%), and in frequencies ;30% in parts of
New Ireland and New Britain (the Papuan-speaking Ata
in particular). In contrast, it occurred in only one of the sam-
ples from New Guinea.

Lineage O

The O lineage is ubiquitous in East Asia, as table 1
suggests. That O is not more common among some sampled
Polynesian populations (i.e., Cook Islands, Western Samoa,
Atiu, and Maori) has been interpreted as indicating a rela-
tively small Southeast Asian (and specifically Aboriginal
Taiwanese) contribution to their paternal history. However,
the sampling in Polynesia has not been particularly compre-
hensive, and many islands in Remote Oceania have un-
doubtedly been severely affected by genetic drift. O does
have a major presence in Tonga, French Polynesia, and
(probably) Western Samoa.

All branches of O were rare in our sample, but when
they occurred, they were almost exclusively found in
Oceanic-speaking groups. Because there was no great dif-
ference in their distributions in our series, the lineages of O
will be discussed together.

Three lineages of O were distinguished—Lineage O-
M175*, Lineage O1a-M119, and Lineage O3-M122. O-
M175* is generally rare throughout Asia, Aboriginal
Taiwan, Indonesia, and Melanesia (table 1). O2 is very
common in Southeast Asia, especially Bali, but it is almost
absent in Melanesia and Polynesia (it has been found in one
Western Samoan). O1a-M119 and O3-M122 have been
found in frequent and often equal proportions throughout
Island Southeast Asia (Capelli et al. 2001). O3-M122 is
the most frequent O haplogroup in Polynesia (over 50%
in Tonga and 35% in French Polynesia), whereas the other
O branches are either rare or lost there. Interestingly, among
Taiwan Aboriginals, O3-M122 is common only among
the Ami, who have been suggested to be the ancestors of
all Austronesians outside Taiwan from mitochondrial evi-
dence (Trejaut et al. 2005 and also refer to table 1).

Both O3-M122 and O1a-M119 are surprisingly rare
throughout Island Melanesia and New Guinea, and in
our series, no O branches were common. Where they were
identified, they almost always occurred together in Oceanic-
speaking groups. Among the Papuan-speaking series, 1
Kuot was O-M175* and 3 Sulka were either O-M175*
or O1a-M119. The Sulka are known to have been heavily
influenced linguistically and otherwise by their Oceanic-
speaking neighbors (Reesink 2005). Taken together,
although the O lineages had their highest frequencies in
Bougainville, O3-M122 was found almost exclusively in
New Britain, and there it was concentrated in only a few
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Oceanic-speaking groups along the north coast, which has
been thought to be the specific homeland of Lapita.

To summarize the SNP distributions, although some
haplogroups were widespread in the general region (K-M9*,
K5-M230, M-M4*, and to a lesser extent the C hap-
logroups), many appeared to be specific to different sec-
tions of Northern Island Melanesia, where they appear to
have originally developed (K6-P79, K7-P117, M2-P87*,
and M2a-P22). This latter set was rare or absent in our
(admittedly small) New Guinea series. In contrast, O3-M122
(and secondarily other O lineages) was closely identified
with certain Oceanic-speaking groups, but the O lineages
were surprisingly scarce, given the preponderance of
Oceanic languages in our sample, and also the mtDNA
indications of a major presence of the ‘‘Polynesian Motif’’,
B4a1a1 (Friedlaender et al. 2005a, 2005b, forthcoming).

As mentioned, we chose 7 microsatellites for typing
because they had been shown to be polymorphic in earlier
Pacific studies. Median-joining networks for the microsa-
tellites on each SNP-defined haplogroup background were
calculated using NETWORK 4.1.1.2 (Bandelt et al. 1999).
Not all networks showed expansions because some haplo-
types did not include many individuals, and others clearly
included haplogroups that have yet to be identified. Those
that were indigenous to Near Oceania, on the other hand,
gave clear signals of expansion, and their median networks
are shown in figure 3. These are haplogroups K5-M230,
K6-P79, K7-P117, and M2-P87 (including M2a). They
all show star-like networks associated with population
expansions and most have smooth pairwise mismatch dis-

tributions (see Supplemental Figure S1 online). The excep-
tion is K7-P117, which is more ragged in its mismatch
distribution and may contain sublineages.

Age estimates from microsatellite diversities are prob-
lematic as estimates of appropriate mutation rates vary
widely from locus to locus, the standard errors are large,
and some population split dates used for calibration are
open to question, such as the proposed Samoan/Cook/
Maori divergence date (i.e., Bonné-Tamir et al. 2003;
Zhivotovsky et al. 2004). One might suspect that O3-
M122, for example, should have an age within Island
Melanesia of 3200 years ago because it has been closely
tied with the Oceanic intrusion along the New Britain north
coast. However, higher than expected, microsatellite diver-
sity suggests that the O haplotypes may have already diver-
sified to some degree before the migration from Southeast
Asia. Nevertheless, the relative haplogroup divergence age
ranking appears clear (see table 3).

All the native Near Oceanic haplogroups (M-M4, M2-
P87, M2a-P22, K5-M230, K6-P79, and K7-P117) have
essentially equivalent divergence estimates, given their
relatively large standard errors. Using the mutation rate es-
timate of Zhivotovsky et al. (2004), this suggests that they
all developed there some time roughly between 45 000 and
30 000 YBP. This compares well with calculations for
a number of ancient mtDNA expansions specific to the re-
gion (Friedlaender et al. 2005b; Merriwether et al. 2005). It
is also consistent with the currently accepted earliest settle-
ment dates for the region, of ;42 000 YBP (Groube 1986;
Leavesley et al. 2002).

FIG. 3.—Median-joining microsatellite networks for 4 NRY haplogroups in Northern Island Melanesia. Nodes are color coded by island. The nodes
are sized according to the number of individuals sharing that haplotype. Nodes consisting of haplotypes not present in the current sample are not shown.
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As described, haplogroups C2* and C2b developed
earlier outside this region, and their divergence estimates
are consistent with this argument. The most recent diver-
gence times belong to haplogroup O which is dated to
approximately 30 000 YBP: the small set of O3-M122
microsatellite samples (which are of Southeast Asian origin)
yielded an estimated divergence date somewhat younger
than 20 000 YBP. Note also that M2 appears to be slightly
younger than M2a, an apparent contradiction. The 2 muta-
tions appear to have arisen almost simultaneously, the 2 lin-
eages share a great many haplotypes, and the associated
standard errors are very large, in any case.

The measure of SNP and STR diversity calculated for
the populations in our series where n . 9 is Nei’s Ĥ and
average pn, respectively (Nei 1987, p. 180), calculated us-
ing Arlequin 3.0 (Excoffier 2005). These values and their
standard deviations are in table 4. The most homogeneous
group (the lowest Ĥ and average pn values) was the Papuan-
speaking Aita of Bougainville, who used to be very isolated
and subject to considerable genetic drift, whereas the 2 most
heterogeneous populations by both measures were the
Notsi and Tolai. Otherwise, there was no apparent pattern
or trend of heterogeneity to the distribution of Ĥ and aver-
age pn within the sample series, especially given their rela-
tively large standard deviations. Comparing values of Ĥ and
average pn across studies, or simply values of segregating
sites, is difficult because SNP and STR panels differ so
widely, and in our case, we had added 3 regionally poly-
morphic SNPs.

In order to see if the pattern of variation clustered
according to an island-by-island or language family affili-
ation, we considered both factors in our AMOVA, the
results of which are shown in table 5. For this analysis,
we included only those populations with 10 or more indi-
viduals and that were well defined (this excluded our het-
erogeneous samples from New Guinea). Mussau with
a single population was also excluded. This left 23 popu-
lations for the AMOVA.

With these populations, we found well over 80% of the
SNP and STR variance to be within the different popula-
tions in the series, but still this left a considerable proportion
of among-group variance to be explained. Partitioning the
populations into 3 island sets (New Britain, New Ireland,

and Bougainville) produced both significant (P , 0.01)
among- and within-island variance components for both
the SNP and STR results. As for the effect of island land-
mass on internal variation, which would be predicted with
a simple biogeographical model, New Ireland, which is
long and narrow, did have the lowest within-island, among-
group, variation with regard to both SNPs and STRs.
New Britain, the largest island, only showed a modest in-
crease in within-island, among-group, variation for SNPs
but did show a clear increase in STR diversity. The 4 Bou-
gainville populations produced a strikingly smaller SNP
within-population variance component than either of the
other 2 islands. This was due to the uniformity of the Aita
population there (only 2 haplogroups present) and also the
relatively small number of other Bougainville populations
sampled.

With regard to partitioning the variance by language,
there was no simple contrast between the major language
divisions represented by the populations. Applying the
AMOVA to the populations partitioned by major language
affiliation (Oceanic vs. Papuan) produced a nonsignificant
variance component (P . 0.40) between language groups
for both STRs and SNPs. The Papuan populations had
a somewhat higher among-group variance than did the Oce-
anic groups, which is not surprising, because they are gen-
erally more isolated and retain more ancient population
signatures.

As a corollary to the AMOVA analysis, MDS was
used to provide a 2-dimensional representation of the pair-
wise population FST values (fig. 4). The plot has a very low
stress level (0.01), indicating it is a reliable representation
of the pairwise distances. The main features of the MDS
display are: New Britain populations generally fall to
one side of the plot, whereas New Ireland populations fall
to the other; the 4 Bougainville populations are scattered
throughout (consistent with the AMOVA results); the Pap-
uan Aita are the most removed group, followed by the
Lavongai; none of the Papuan-speaking groups are partic-
ularly closely paired, even those considered linguistically
closely related (i.e., the Ata and Anêm, and the 2 Baining
languages, Kaket and Mali); and geographic proximity,
although important overall, does not seem to determine
the closest pairwise relationships.

Table 3
Y Chromosome Haplogroup Age Estimates from STRs

Haplogroup n ASDa TMRCAb (years) Lower Limitsc (years) Upper Limitsc (years)

C2 31 1.369 49 600 42 000 61 000
C2b 14 1.276 46 200 39 000 57 000
K5 41 0.925 33 500 28 000 41 000
K6 124 1.025 37 100 31 000 46 000
K7 60 0.978 35 400 30 000 44 000
M 223 1.052 38 100 32 000 47 000
M2 199 0.904 32 700 28 000 40 000
M2a 150 0.925 33 500 28 000 41 000
O 51 0.831 30 100 25 000 37 000
O3 18 0.532 19 300 16 000 24 000

a Average square distance (ASD) was calculated using the program Ytime (Behar et al. 2003).
b Time of the most recent ancestor (TMRCA) estimates were calculated using ASD with the mutation rate of (2.8 6 0.5) 3

10�5 per locus per year (Zhivotosky et al. 2004).
c Limits were calculated based on the standard error from the above mutation rate.
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Discussion

The newly identified regionally specific SNPs have
greatly enhanced our ability to identify the extent and pat-
tern of NRY variation in Northern Island Melanesia. Earlier
surveys concluded that populations there were compara-
tively low in NRY SNP heterozygosity but that now
appears to have been caused by an ascertainment bias of
SNPs (i.e., earlier batteries lacked a number of important
regionally informative SNP markers and also there was
a general undersampling of these diverse populations).
To judge by their microsatellite diversity, all these lineages
are of considerable age, with divergence estimates roughly
in the 30–45, 000 YBP range for those that developed in the
region. These estimates are compatible with those from
studies of mtDNA and X variation in the region (Fried-
laender et al. 2005b; Merriwether et al. 2005; Wilder
and Hammer forthcoming) and are accommodated by the

established earliest settlement dates for the region. Even
the earliest archaeological dates for Buka/Bougainville,
which are the youngest for these 3 islands (29, 000 YBP),
falls very close to the estimated date for the origin of
M2a-P22, which is the most common of the haplogroups
in our sample.

Although the AMOVA results showed that the 23 core
populations had large within-population SNP and STR var-
iance components (84.1% and 87.1%, respectively), this
still left an important among-population variance propor-
tion to explain. Partitioning by major language group pro-
duced an insignificant result, and although island-by-island
partitioning did indicate some structure along this line, we
could not discern a special effect of island size. This result is
consistent with limited, but persistent, short-range gene
flow and population movement that has blurred distinctions
between neighboring groups but has been insufficient to
homogenize variation across the region. Similarly, related

Table 4
Population Diversities in Island Melanesia

Island
Standard Gene

Diversity (SNP)
Average Gene

Diversity (STR)

Region Populationa Languageb N Ĥ SD Average pn SD

New Guinea
PNG Coast North Coast 25 0.823 0.050 0.679 0.383

Markham 1 — — — —
Rigo 2 — — — —

PNG Highlands Eastern Highlands 4 — — — —
Morobe Highlands 1 — — — —
Western Highlands 2 — — — —

PNG Island Misima 2 — — — —
Manus 7 — — — —
New Britain

West New Britain Kove* O 24 0.797 0.050 0.553 0.321
Anêm* P 34 0.742 0.064 0.485 0.283
Mangseng* O 11 0.764 0.107 0.681 0.406
Mamusi* O 43 0.732 0.035 0.579 0.327
Nakanai* O 36 0.848 0.028 0.621 0.349
Loso (Nakanai)* O 15 0.752 0.056 0.652 0.380
Mengen* O 23 0.767 0.054 0.585 0.337
Melamela* O 14 0.747 0.066 0.502 0.305
Ata* P 45 0.747 0.029 0.619 0.346
Kol P 4 — — — —

East New Britain Tolai* O 49 0.855 0.018 0.697 0.384
Sulka* P 33 0.695 0.071 0.659 0.369
Mali (Baining)* P 24 0.743 0.043 0.528 0.308
Kaket (Baining)* P 39 0.738 0.042 0.576 0.327

Mussau 20 0.695 0.081 0.607 0.351
New Hanover Lavongai* O 43 0.496 0.085 0.543 0.310
New Ireland

New Ireland (O) Tigak* O 21 0.833 0.065 0.645 0.369
Nalik* O 17 0.787 0.075 0.659 0.381
Notsi* O 14 0.857 0.056 0.752 0.434
Madak* O 19 0.825 0.048 0.634 0.366
Patpatar O 6 0.000 0.000 0.000 0.000

New Ireland (P) Kuot* P 32 0.815 0.035 0.671 0.375
Bougainville

North Bougainville Saposa* O 26 0.686 0.087 0.641 0.363
Teop* O 18 0.837 0.057 0.626 0.372
Buka* O 10 0.844 0.103 0.523 0.339

Central Bougainville Aita* P 18 0.294 0.119 0.444 0.270
South Bougainville Nagovisi 1 — — — —

Siwai 2 — — — —
685

a Core populations denoted with *.
b Languages: O-Oceanic, P-Papuan.
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study of the relationship of NRY, mtDNA, autosomal STR,
and linguistic variation with geography across this region
shows a poor correspondence with either an isolation by
distance or a population fissions model of differentiation
(Hunley et al. forthcoming).

It appears that each of the autochthonous NRY hap-
logroups has its highest concentration in a Papuan-speaking
region but has diffused from that center across neighboring
languages so that the original specific haplogroup—Papuan
language association has been blurred. We can still identify
likely expansion centers for certain regional variants. New
Guinea is the likely origin for K5-M230 and M-M4. Dif-
ferent populations of New Britain were the origins of
K6-P79, K7-P117, and M2a-P22. K6-P79 has also dis-
persed to New Ireland and Mussau, consistent with its lower
microsatellite diversity there. M2-P87 likely developed in
New Ireland, where the Papuan-speaking Kuot appears to
be the epicenter. The Aita of north Bougainville are at the
current focus for M2a-P22. It is intriguing that the Lavongai
populations just to the north of New Ireland also have very
high M2a-P22 frequencies.

If they are incorporated into screens in Remote
Oceania (i.e., Southern Island Melanesia, Polynesia, and
Micronesia), the newly described NRY haplogroup markers
should, along with specific microsatellite associations, help

in identifying particular contributions from sections of
Northern Island Melanesia and New Guinea to populations
in those regions. We know that M-M4* occurs in Vanuatu
in high frequency, as well as Fiji and Tonga (table 1). K-M9*
is common in Vanuatu and Fiji, as well as occurring in low
frequencies in all Polynesian series to date. Therefore, test-
ing for K6-P79, K7-P117, M2-P87, and M2a-P22 in these
series will help to illuminate their population histories.

Any recent Southeast Asian component (associated
with the development of Lapita) is most certainly associated
with haplogroup O3-M122, which has a remarkably low
frequency in this sample series (18 of 685 samples or
2.6%). Even if all O haplogroups might have been intro-
duced just with the immediate Southeast Asian ancestral
component of the Lapita peoples, their frequency in our se-
ries totals just 8% (table 2), almost entirely restricted to
Oceanic-speaking populations. In our sampling strategy,
we may have missed higher concentrations of the O hap-
logroups. For example, many Lapita sites in the Bismarck
Archipelago are located on smaller or offshore islands and
we did not sample those, except for Mussau (where no O
samples were found). It is also possible that most of the
‘‘Southeast Asian’’ male component either moved on to
other islands or was lost/obliterated in this region.

The clear deduction from the NRY data is that the
Southeast Asian male contribution to contemporary Oceanic-
speaking populations in Northern Island Melanesia is un-
expectedly small. This contrasts sharply with the accepted
interpretation of the mtDNA haplogroup frequency data
in this region because of the very high frequency of
the so-called ‘‘Polynesian Motif’’ (B4a1a), even in many
Papuan-speaking groups, where it approaches a frequency
of 0.90 (Merriwether et al. 1999; Friedlaender et al.
2005a, forthcoming). Explanatory scenarios of different
male versus female migratory behavior or sexual selection
have been proposed to resolve this discrepancy in Remote
Oceanic populations (Hage and Marck 2003; Cann and
Lum 2004), but the contradictions in the Northern Island
Melanesian comparisons only serve to underline the con-
trast and beg for some other explanation. We suggest that
because both the mtDNA and NRY have a fraction of the
reproductive sample sizes of autosomal markers, their hap-
lotypes are especially likely to experience pronounced

Table 5b
AMOVA Based on Y-Chromosomal STRs (RST)

Variance Components (%)*

Group
Between
Groups

Within
Groups

Within
Populations

No grouping (23 populations) — 12.9 87.1
Geography (3 islands)a,b 9.7 7.1 83.2
Language (2 groups)c �1.1 13.5 87.6
New Ireland — 4.3 95.7
New Britain — 9.3 90.7
Bougainville — 5.3 94.7
Papuans — 14.8 85.2
Oceanians — 12.6 87.4

a Groups for geography: New Ireland, New Britain, and Bougainville.
b For this AMOVA analysis, Lavongai was included with New Ireland.
c Linguistic groups: Papuans and Oceanians.

* All P values are,0.01 except for the linguistic groups where P5 0.84 and the

nonsignificant value is shown in italics.

Table 5a
AMOVA Based on Y-Chromosomal Haplogroups (FST)

Variance Components (%)*

Group n
No. of

Populations
No. of
Groups

Between
Groups

Within
Groups

Within
Populations

No grouping (23 populations) 608 23 1 — 15.9 84.1
Geography (3 islands)a,b 608 23 3 8.4 10.7 80.9
Language (2 groups)c 608 23 2 �0.6 16.3 84.3
New Ireland 146 6 1 — 9.4 90.6
New Britain 390 13 1 — 9.7 90.3
Bougainville 72 4 1 — 27.5 72.5
Papuans 225 7 1 — 18.6 81.4
Oceanians 383 16 1 — 14.8 85.2

a Groups for geography: New Ireland, New Britain, and Bougainville.
b For this AMOVA analysis, Lavongai was included with New Ireland.
c Linguistic groups: Papuans and Oceanians.
* All P values are ,0.01 except for the linguistic groups where P 5 0.48 and the nonsignificant value is shown in italics.

1638 Scheinfeldt et al.



fluctuations from generation to generation (i.e., extreme
genetic drift) in the very small populations that inhabited
this entire region. The point is that neither the mtDNA nor
the NRY-based interpretations of Aboriginal Taiwanese/
Southeast Asian contributions to Oceanic- or to Papuan-
speaking populations may be particularly accurate. They
are likely to be rather rough (though very informative)
approximations of the real male and female genetic con-
tributions to contemporary populations across the South-
west Pacific. They are, after all, only 2 different, though
highly variable, ‘‘loci.’’ The analysis of a large battery of
independent autosomal loci will undoubtedly help resolve
these contradictory interpretations in a more satisfactory
manner.

Supplementary Material

Supplementary Figure S1 is available at Molec-
ular Biology and Evolution online (http://www.mbe.
oxfordjournals.org/).

Acknowledgments

We are extremely grateful and indebted to the people
of the Bismarck Archipelago and Bougainville who will-
ingly participated in this study and often acted as our hosts.
We hope that it contributes to a better understanding of their
population histories, which is our stated objective. We
thank William Beggs, Patrick Bender, Charles Mgone,
Heather Norton, Daniel Hrdy, and Andrew Merriwether
for their assistance and participation. The laboratory aspect
of this research was supported by a Wenner-Gren Founda-

tion predoctoral Grant, whereas the fieldwork was sup-
ported by postdoctoral grants from the National Science
Foundation, the Wenner-Gren Foundation for Anthropo-
logical Research, and the National Geographic Society
Research Fund. The materials presented in this paper will
appear in similar form as chapter 5 of the forthcoming book,
Genes, Language, and Cultural History in the Southwest
Pacific edited by JS Friedlaender, Oxford University Press,
New York.

Literature Cited

Allen J. 2003. Discovering the Pleistocene in Island Melanesia. In:
Sand C, editor. Pacific archaeology: assessments and anniver-
sary of the first Lapita excavation (July 1952) Koné-Nouméa,
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