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The migration into and settlement of remote Oceania by the

modern Polynesian and Ma
-
ori peoples is a major achieve-

ment, which has been the subject of extensive research and

scholarship. The routes taken by the Austronesian peoples

and the origins of the migrations are subject to ongoing de-

bate. We present a range of findings from molecular genetic

studies of Polynesian and New Zealand Ma
-
ori populations

and a ‘synthetic total evidence theory’ that we suggest can

account for key elements of the migrations.

Introduction
The Austronesian people occupying the Pacific regions of

Melanesia, Micronesia, and Polynesia (Figure 1) have achieved

remarkable success in populating one of the largest areas on

earth. Their skills in conducting this migration through dan-

gerous waters are regarded with universal respect, particularly

given the simple, organic, technologies they used and their de-

pendence on cultural traditions and skills descending verbally

through a rich oral tradition. The migration and expansion

through the Pacific has generated the abundant cultural and

linguistic diversity that forms the principle sources of evidence

upon which modern historical reconstructions are based. These
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new scientific theories contain implicit genetic hypotheses that

can be tested with modern molecular biological techniques.

This review focuses on work undertaken in New Zealand,

at Victoria University of Wellington under the direction of Dr

Geoff Chambers, but it is but one part of a wider international

body of scholarship aimed at better understanding the evolu-

tion of humans under the challenges of migrating through the

vast but empty Pacific (Cann 2001; Cann & Lum 2004; Cavali-

Sforza 2000; Gibbons 2001; Hurles et al. 2003a; Jobling et al.

2004; Kirch 2000). A number of pseudo-competing theories

have been proposed to account for the voyaging history of

Austronesians. These theories are presented briefly below. We

believe that key evidence from the majority of existing theories

can be drawn together into a synthetic total evidence account

supported by oral tradition, linguistics, archaeology, and DNA.

Models of migration
It is generally accepted that the Austronesian populations of

Oceania can be divided into at least two groups. The first of

these was an ancient Papuan-speaking group who moved south

from Asia between 40 000 and 70 000 years before present

(ybp). These were the ancestors of Australian Aborigines and

Melanesians including, for example, the Highland Tribes of

Papua New Guinea (Ingman & Gyllenstein 2003). In response

to rising sea levels, some of these peoples became separated

and dispersed throughout the Bismarck Archipelago by 33 000

ybp and the Northern Solomons by 29 000 ybp. The second

group consisted of Austronesian-speaking peoples who first

occupied the island of Taiwan around 6000–5000 ybp and

southeast Asia and parts of Indonesia by 4000 ybp (Handoko

et al. 2001).

This more recent expansion of Austronesian-speaking peo-

ples and subsequent partial or total displacement of the older

Papuan-speaking people and cultures resulted in the marked

differentiation in coastal and highland populations still appar-

ent in Papua New Guinea/Irian Jaya (Bellwood 1997, 1998;

Kirch 2000; Spriggs 2003). These processes are associated with

the rise of the Lapita culture identified through extensive ar-

chaeological remains (Kirch 1997) and which spread from New

Caledonia to Vanuatu, Tonga, and Fiji through a process of

ongoing dispersal until around 2800 ybp (Burley & Dickinson,

2001).

After a period of comparative stability (Pawley & Ross

1993), additional migrations were undertaken around 1800–

1400 ybp to settle central Polynesia, including the Cook Is-

lands and Marquesas, followed by further dispersal to the Ha-

waiian islands (1400–1200 ybp), Rapanui (Easter Island, 1400–

1000 ybp) and finally Aotearoa (New Zealand) perhaps as re-

cently as 650 ybp.

This high-level overview conceals a significant degree of

discussion and theorising as to how the various populations

interacted, as well as the geographical locations of the migra-

tion origins within the Asian and Oceanic regions. These de-

scriptive and mechanistic theories include Peter Bellwood’s

(1991) extensively developed account of the migration dubbed

the ‘Express train to Polynesia’ (Diamond 1988) characterised

by rapid expansion and relatively little initial interaction,

Oppenheimer’s (1998) ‘Slow Boat’, which argues for an is-

land southeast Asian origin (specifically eastern Indonesia), and

Terrell’s (1988) ‘Entangled Bank’ in which the future

Polynesian voyagers arise by a reticulated process from island

Melanesia without significant input from new arrivals coming

from the north and west. The ‘American Origin’ model of

Heyerdahl (1953) is no longer regarded as credible. However,

it is clear that contact between Oceania and South America has
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Figure 1. Oceania and nearby regions (after Kirch 2000).
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resulted in the transfer of semi-domesticated food plants (Green

2000).

Also proposed are complex archaeological models incor-

porating the impact of changes in sea levels (Oppenheimer 1998;

Oppenheimer & Richards 2001) and more extensive interac-

tion between migrating and localised populations (Green 2003).

Assessing the validity of these proposals remains challenging,

and they are subject to debate, especially within archaeological

circles. The need to consider multiple lines of evidence from a

range of disciplines, particularly our own area of genetics and

molecular biology has led to our proposal of a ‘synthetic total

evidence theory’ drawing on this rich and diverse scholarship

(Whyte et al. 2005; Chambers 2005).

Polynesian and New Zealand Ma-ori genetics
The genetic information contained in human populations is a

rich source of data, not least because it contains traces of each

historical member of that population. Genetic information can

be viewed in different ways to show the impact of reductions

in the size of the population due to war, the environment, or the

separation imposed by distance, as well as the different im-

pacts on the male and female contributions to the whole. When

combined with information from other populations, it can also

tell us something of the origins and relationships between peo-

ples in ways that may validate or falsify hypotheses developed

from other data sources such as tradition, archaeology, and lin-

guistics.

DNA fingerprints and population bottlenecks
Early work conducted in New Zealand to validate the forensic

use of multi- and single-locus DNA fingerprinting technolo-

gies (Hamilton 1994; Clark et al. 1995) showed relatively low

levels of genetic variation in Polynesian subjects compared with

Asians or Caucasians (Figure 2).

An even greater reduction is evident in the New Zealand

Ma-ori population. This result is consistent with the findings of

others (Flint et al. 1989) and suggests that during the process

of migration some constraint resulted in the loss of diversity,

perhaps due to extended periods of small population sizes or

founder effects caused by low numbers of people undertaking

or surviving migratory voyages (Hurles et al. 2003b).

Alcohol metabolism and Asian origins
The restricted genetic diversity of modern Polynesian

populations suggests something of the hardships they faced in

travelling, but does not tell us anything about the source or

path of the journey. Examination of particular gene variants

such as those involved in the metabolism of alcohol, which

have well known population and location frequency patterns,

provides evidence suggesting possible starting points (Table

1). Alcohol dehydrogenase (ADH) and aldehyde dehydroge-

nase (ALDH) are both essential in the metabolism and detoxi-

cation of alcohol, and specific variants (ADH 2-2 and ALDH

2-2) are predominantly found in Asian populations, making

them useful indicators of Asian origin of modern Polynesians.

Determination of the frequencies of these variants in mod-

ern Polynesian and New Zealand Ma-ori populations (Marshall

1994; Chambers et al. 2002) strongly supports an Asian rather

than American origin. These data also suggest that common

ancestors of the Polynesians can be found amongst the Tai-

wanese Aboriginal populations, consistent with the ‘Taiwan-

ese Homeland’ concept of Redd et al. (1995), the absence of

the ALDH 2-2 variant being readily explained by its relative

rarity in the ancestral population, or its subsequent introduc-

tion at low levels in the Aboriginal population by intermar-

riage with the dominant Han Chinese population.

Mitochondrial DNA and the matrilineal
migration
Mitchondrial DNA provides another window into population

changes as it is inherited maternally and regions of the mito-

chondrial genome have been sequenced and characterised for

a large number of different populations. Among Polynesians

there are two common sequence variations, the well-known ‘9

base pair deletion’ and ‘Polynesian CGT Motif’. These are found

at a high frequency within Polynesian populations, and the de-

creased diversity of these ‘CGT’ variant haplotypes in the New

Zealand Ma-ori population (Whyte et al. 2005) is consistent

with the results discussed above for nuclear DNA variants. Gen-

erally, and in line with the DNA fingerprinting results, the

Polynesian populations have reduced mitochondrial DNA di-

versity compared with other groups surveyed (Murray-McIntosh

et al. 1998; Penny et al. 2002). This reduction in genetic diver-

sity is also strong evidence of ‘founder’ effects in the ancestry

of modern Polynesian populations.

The variants found in Polynesian mitochondrial DNA, as

with the ADH and ALDH results discussed, are consistent with

a Taiwanese origin for the modern Polynesian and New Zea-

land Ma-ori genome (Whyte et al. 2005; Trejaut et al. 2005),

but there is also some evidence that a small amount of exchange

occurred with the Melanesian peoples occupying the islands of

western Oceania (Merriwether et al. 1999; Sykes et al. 1995,

Cox 2003). This suggests that the modern Melanesian peoples

have arisen from a similar introgression of the genepool of an-

cestral Austronesian-speaking migrants into the resident

Papuan-speaking genepool encountered along the way. Thus,

in genetic terms, the descriptors ‘Melanesian’ and ‘Polynesian’

probably reflect the Papuan and Austronesian ends of a con-

tinuum produced by prehistoric (and continuing) intermarriages.

The ‘founder’ effect sampling process that results in the

reduced genetic diversity of the resulting populations also, how-Figure 2: Genetic variation revealed by DNA fingerprinting

(Hamilton 1994).
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ever, allows for an estimation of the size of the migrating

populations (Murray-McIntosh et al. 1998). Although this work

is still limited by the lack of extensive sampling and characteri-

sation of genetic diversity in eastern Polynesia, we have never-

theless been able to use the data presently available to model

the effect of different migrating population sizes and popula-

tion growth curves and use this to gain insights into the historic

migrations (Whyte et al. 2005) to Aotearoa/New Zealand. This

work, together with archeological and paleodemographic data

(Brewis et al. 1990; Pool 1991), suggests that the best current

estimate for the number of females settling Aotearoa/New Zea-

land is 190 (170–230); with possibly as many as 400 females

migrating, depending on how rapid population expansion oc-

curred after arrival.

The true numbers are impossible to pin down exactly, as

the estimate is vulnerable to the effects of different models and

assumptions. However, our conclusion was that a large popu-

lation strongly supports oral tradition, arguing for large planned

voyages rather than a popular fallacy of ‘accidental discovery’

by a small number of waka or castaways.

The Y chromosome and patrilineal migration
The mitochondrial genome provides valuable information on

the maternal heritage of modern populations, which is comple-

mented by the Y chromosome’s information on the paternal

genetic heritage. Interestingly, while the mitochondrial story

indicates a relatively low proportion of Melanesian admixture,

the Y chromosome suggests rather more extensive interaction,

with up to three times as much variation coming from

Melanesian populations, compared with the mitochondrial DNA

results (Underhill et al. 2001; Kayser et al. 2000, 2003; Hurles

et al. 2002, 2005). These findings are still supportive of a Tai-

wanese origin but suggest possible cultural (Hage & Marck

2003) and/or gender-biased geneflow during migration (Devlin

et al. 2001, Trejaut et al. 2005).

Evidence from commensal organisms
A large-scale and organised migration into eastern Polynesia

and Aotearoa/New Zealand is also consistent with the wide

range of non-native food plants that were brought by the set-

tlers, including taro, yam, bottle gourd, paper mulberry, ti tree,

and kumara (Whyte 2002). The South American origin of some

species of food plant strongly supports the idea of a Polynesian

expedition (Green 2000) followed by rapid dispersal of the

agricultural bounty. As well as plants, the Polynesian rat or

kiore, a valued food animal, also supports the general picture

provided by human genetics (Matisoo-Smith & Robins 2004)

as does the lizard Lipinia noctua (Austin 1999).

‘A synthetic total evidence theory’ or genetic
account of Ma-ori migration to Aotearoa
Myths are much more than mere stories intended to amuse chil-

dren; they serve the important role of explaining how we see

ourselves and the world we live in. The genetic information we

and others have obtained to date represent a sort of modern

mythology of an adventurous people who braved a challeng-

ing and mysterious ocean. This information, combining the

research and scholarship in genetics, linguistics, archaeology,

and history allows us to propose a ‘synthetic total evidence

theory’ explaining the process of migration and consequent

settlement of Aotearoa/New Zealand.

These people first originated as an Austronesian popula-

tion within Asia and used Taiwan as a staging post to enter

Oceania and move east across the Pacific following a trail

through the modern Philippines, Indonesian, Papua New

Guinea, and island Melanesia. There may well have been sev-

Table 1. Frequencies of ADH and ALDH gene variants (Marshall & Chambers 2005).

Ethnic Group ADH 2–1 ADH 2–2 ALDH 2–1 ALDH 2–2

European
Caucasian 0.89–1.00 0.00–0.11 1.00 0.00

American
Indian (N.American) 0.93-1.00 0.00-0.04 0.92–1.00 0.00–0.08
Indian (S.American)* 1.00 0.00 0.75–1.00 0.00–0.25
Indian (Ecuador) n.d. n.d. 0.56 0.44
Mayan 0.94 0.05 n.d. n.d.

Asian
Ainu n.d. n.d. 0.89 0.11
Cambodian 0.72 0.28 n.d. n.d.
Chinese 0.27-0.38 0.62-0.73 0.69–0.89 0.11–0.31
Filipino n.d. n.d. 0.93 0.07
Indian 1.00 0.00 0.98–1.00 0.00–0.02
Indonesian n.d. n.d. 0.78 0.22
Japanese 0.24–0.39 0.61–0.76 0.61–0.87 0.13–0.39
Korean 0.29 0.71 0.83–0.87 0.13–0.17
Taiwan (Atayal) 0.09 0.91 0.95 0.05
Thai n.d. n.d. 0.96 0.04
Vietnamese n.d. n.d. 0.66–0.67 0.33–0.34

Polynesian
American Samoa 0.84 0.16 1.00 0.00
Cook Island Ma

-
ori 0.45 0.55 1.00 0.00

Hawaii (Oahu) 0.66 0.34 0.98 0.02
Micronesian 0.78 0.22 n.d. n.d.
New Zealand Ma

-
ori 0.47 0.53 1.00 0.00

Western Samoa 0.55-0.70 0.30-0.45 0.99 0.01
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eral additional migrations and contributions from different

routes. As they travelled, the voyagers interacted with the

Papuan-speaking people already present and a small propor-

tion of female and larger proportion of male Melanesians were

recruited. Moving from island to island in large outrigger ca-

noes caused genetic bottlenecks in the migrating population,

culminating in the reduced diversity found today in eastern

Polynesia and New Zealand. At the far extremes of this migra-

tion, explorers visited South America and obtained valuable

plants for agriculture, and finally, somewhere around 650 ybp,

there was a deliberate settlement of Aotearoa/New Zealand.

We will probably never know for certain the exact routes

they took and the obstacles they had to overcome, but our grow-

ing knowledge illustrates clearly that the settlement of Aotearoa/

New Zealand was a significant, intentional, and well-planned

venture. The genetic evidence of bottlenecks and reduced vari-

ability indicates something of the hardships that were faced

and which Polynesian people (including New Zealand Ma-ori)

survived in order to be here today in Oceania. We look forward

to results from ongoing linguistic, archaeological, historical,

and genetic research in order to better understand and appreci-

ate this achievement.
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