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Foreword

Glenn R. Summerhayes and Hallie Buckley

With a couple of exceptions, the papers in this volume 
were presented at the Lapita Conference held in Samoa 
from Monday 27th June to Friday 1st July, 2011. Normally 
held every four years, more or less, the nomination for Sa-
moa as the venue for the 2011 conference was put forward 
by Glenn Summerhayes at the previous conference held 
in Honiara, the Solomons. It was important that Otago 
University nominate Samoa as the next venue as over a 
number of years a close collaboration had developed be-
tween the National University of Samoa (NUS) and the 
University of Otago, mostly at the initiative of Otago’s then 
Pro-Vice Chancellor, Professor Alistair Fox and Professor 
Fui Le’apai Ilaoa T. Asofou So’o, Vice Chancellor of NUS. 
This collaboration led to a Memorandum of Understand-
ing being established between the two institutions with 
an aim of close collaboration in research and teaching. To 
cement this collaboration, a house on campus at NUS was 
identified and renovated for housing Otago staff undertak-
ing research and teaching. It was aptly called ‘Otago House’.

As part of this collaboration, a decision was made to or-
ganise the conference by both the University of Otago 
and the National University of Samoa. The objective of 
having the conference in Samoa was to showcase the Na-
tional University of Samoa, and to support the teaching 
of archaeology at the University. This was one of the most 
important conferences involving Pacific archaeologists. 
The title for this conference was ‘Pacific Archaeology: 
documenting the past 50,000 years to the present.’ It was 
intended to encourage papers encompassing the whole 
range of archaeological research being undertaken in the 
region at present. Themes to be explored included Record-
ing the beginnings – exploring the Pleistocene of Near 
Oceania; Developments in Lapita archaeology; Obsidian 
sourcing – where are we now, Post-Lapita archaeology; 
Advances in biological anthropology; and Historical ar-
chaeology in the Pacific, to name a few.  Samoan archaeol-
ogy was showcased with a session dedicated to that theme.     

The organisation of such conferences is never easy, and to 
facilitate the organisation Glenn Summerhayes and Rich-
ard Walter visited NUS from 8th to 11th September 2010, 
to get the organisation started. In Samoa they teamed up 
with Tautala S. Asaua from the Centre for Samoan Studies 

(CSS) and meetings were held with the Vice Chancellor 
and President, Professor Fui Le’apai Ilaoa T. Asofou So’o, 
and the Head for CSS, Dr Lafitai Iupati Fuatai. A fortuitous 
circumstance allowed the CSS to offer the help of the new 
acting Conference Manager, Ms Mele Mauala, to aid in 
the organisation. Ms Mauala was integral in making the 
conference a success, in particular after the cancellation of 
many incoming flights that arose out of interruption to air 
traffic from volcanic ash emanating from South America! 
The conference also benefitted from the help of Mr Ben 
Teele who set up the Conference web page, including on 
line payment facilities. A Committee was also set up in 
Otago, comprising apart from Professor Glenn Summer-
hayes and Professor Richard Walters, Associate Professor 
Hallie Buckley and Professor Lisa Matisoo-Smith. 

The conference was deemed a success, despite the absence 
of a handful of presenters including one of the main or-
ganisers (Summerhayes) due to flight disruptions. It is 
with some pride that the conference committee made 
arrangements and committed all the residue money left 
over from the conference to be allocated specifically to the 
Archaeology Program for developing research and teach-
ing in Samoa.

Over 50 papers were delivered at the conference of which 
twelve are presented here, with a further three added. Rog-
er Blench’s paper was originally intended for the confer-
ence, however, like many others, his flights were disrupted 
and he could not attend. He spent a delightful winter in-
terlude in Dunedin where Summerhayes showed him the 
heritage features of Dunedin.  Two other papers on Lapita 
pottery were offered for inclusion in this volume (David 
et al., and Leavesley and Sarar). 

The 15 papers published here cover an eclectic field, start-
ing with one on subsistence by Roger Blench who provides 
an invocative paper arguing that subsistence based on ei-
ther tubers, yams, aroids, bananas, sugar cane and sago, for 
example, formed the mainstay in an arc from Melanesia 
to NE India, existing prior to the introduction of cereals 
with the Neolithic of the 3rd millennium BP. Lapita pot-
tery, once aptly described as the ‘barium meal’ of human 
dispersal across the Pacific is dealt with in a number of 
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papers from different angles, including Ethan Cochrane’s 
innovative analysis of decoration using ‘Quantitative phy-
logenetic analyses’, allowing him to look at Lapita coloni-
sation arguing that a west to east line of advance does not 
exist, with similarities between assemblages a result of age 
rather than leap frogging. David et al. present an inter-
esting article on plain pots in Lapita assemblages, while 
Leavesley and Sarar provide details of a new Lapita local-
ity from the south coast of East New Britain. Of interest is 
Spriggs and Bedford’s paper on their examination of sherd 
material from a midden in the Teouma site which is unlike 
the highly decorated pots associated with burials they are 
used to. The authors are now confronted with the frag-
mented sherds that most other archaeologists have had to 
work on. From the past to the present, LeBlanc provides an 
exciting paper based on her ethnoarchaeological research 
into pottery making in Fiji, and its importance in assessing 
aspects of ‘form’ from Lapita contexts. 

Stone tools get a look in with three important papers. 
Golitko et al. provide a great paper on obsidian along the 
Sepik coast over the last 2000 years, interpreting and as-
sessing reasons for the distribution of obsidian from par-
ticular sources. Lagarde and Sand’s paper contributes an 
important work on the nature of Lapita lithics from New 
Caledonia, and defined the discoïd chaîne opératoire, link-
ing cores and flakes from Lapita sites in New Caledonia. 
Focusing away from the western Pacific Lunblad et al. of-
fer insightful perspective on sourcing volcanic glass from 
Hawaii, and where it is headed.

Bioarchaeology in the region is represented by two papers, 
both from the centre of bioarchaeology research in the Pa-
cific – the Department of Anatomy, Otago University. The 
first is a contribution by Foster et al. who address the age-
old issue of attempting to infer labour division and gender 
organisation using archaeological information. Specifically 
this paper investigates the issue of gender division by ana-
lysing the development of the muscle attachment sites and 
the degeneration of joints of the upper limbs in human 
skeletal remains from the Lapita cemetery site of Teouma 
in Vanuatu. 

The second paper by Kinaston and Buckley provides a 
review of stable isotope research on prehistoric human 
diet in the Pacific island region, a field that has grown 
exponentially in recent years. This contribution reviews 
the literature on Pacific island subsistence and applies a 
biocultural approach to the interpretation of diet in the 
past, using direct evidence from stable isotope and bioar-
chaeological methods. These methods and the underlying 
principles of stable isotope research are discussed, allow-
ing archaeologists to critically review palaeodietary stud-
ies published in this field as well as providing a detailed 
summary of the published research to date. This critical 
discussion of the methods and interpretation of stable iso-
tope analysis is particularly timely given that this method 
has become an increasingly important tool used to assess 
the diet of past populations. 

Two papers address human management of the landscape 
– but from different perspectives. The first by Dotte-Sarout 
et al. provide an important paper looking at ‘anthracologi-
cal’ studies (identification of wood charcoal remains) to 
reconstruct past vegetations and when combined with ar-
chaeology to assess the nature of human management of 
the landscape over time. They identify changing locations 
of Kanak settlement patterns, with the ‘Kanak precolonial 
habitat mode’ emerging between the late 13th and early 
16th century AD. They argue for continual interaction over 
the last 2,000 years with a regional explanation of agricul-
tural changes. They also argue for regional interaction to 
account for pondfields among other things and identify 
human intensification on the plains by 17th century. The 
second contribution by Sheppard and Walter is a unique 
paper looking at the diversity of agricultural practice in 
the Solomons, in particular taro irrigation of the western 
islands and identify their histories and reasons for diver-
sity. They argue that there is no need for intensification 
witnessed in other parts of the Pacific in order to under-
stand the growth of chiefdoms. 

One paper deals with the important topic of animal trans-
location. Harris, Green and Storey present an introduction 
to the complexities of introducing chicken into the Pacific 
from prehistoric times, to European contact and war. The 
last paper, and one of the most important presented at 
the conference, is by Richard Shing, who describes how 
archaeology is presented to the ni-Vanuatu through the 
marvellous work of the Cultural Centre in Port Vila and 
the great team working there. Of importance is the amaz-
ing interest that people in Vanuatu have in their past. If 
archaeology can offer nothing to the present indigenous 
peoples of the Pacific then it will not be anything beyond 
a white middle class stamp collecting exercise. Shing tells 
us how this can be done through exhibitions, books, radio 
and the fieldworker system that they are using to get the 
word out into local communities. 

Lastly, a special thanks to one of our series editors, Les 
O’Neill, who has made a significant contribution in getting 
this volume published. Without him this volume would 
not be possible. 
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Was there once a Zone of Vegeculture 
Linking Melanesia with Northeast India?

Roger Blench1

Introduction

The ancient vegecultural systems of Melanesia and the 
rice-dominated agriculture of mainland and island SE 
Asia presently appear to be worlds apart. In particular, 
models of the Neolithic on the mainland are dominated 
by our understanding of the dates for the appearance of 
rice in the archaeological record (Higham et al., 2011). But 
new research in Arunachal Pradesh and Borneo is begin-
ning to challenge this understanding. It now appears that, 
apart from the pseudo-grain Job’s tears, all types of cereal 
agriculture in NE India are relatively recent, as are domes-
tic animals other than the semi-wild mithun. The basis of 
subsistence for many societies was the yams and aroids 
as well as bananas, sugar-cane, sago and the cabbage of 
tree-ferns. A key part of the management of the environ-
ment was the exploitation of bamboos and rattans, many 
of which have anthropic distributions. In addition, forag-
ing continues to play a major role in subsistence. The use 
of sago is particularly striking, since it remains dominant 
in parts of lowland New Guinea and is still an important 
staple for some populations in Eastern Indonesia (Ellen 
2004) and Borneo (Barker et al., 2011). Despite a single 
find of early rice in Borneo, such cereals are broadly of 
recent introduction. 

This paper will argue that the ‘Neolithic package’ model 
which has dominated archaeological thinking concerning 
the evolution of subsistence in island SE Asia is funda-
mentally misconceived. Not only was Melanesia a major 
centre of agricultural innovation, but its innovations were 
carried westwards at some time well prior to the appear-
ance of the Austronesians by processes that can currently 
only be a subject for speculation. These innovations were 
largely vegecultural or arboricultural, i.e. yams and other 
tubers, palm product processing, Musa spp. and sugar-
cane, and are thus significantly more difficult to pick up in 
the archaeological record. In the opposite direction, there 
was a flow of arboricultural techniques, including the 

processing of bamboos and rattans. The spread of these 
innovations must have had some demographic element, 
but cultural diffusion was probably more important. One 
consequence would be that the populations of island SE 
Asia during this period would not have been a uniform 
negrito phenotype from the Pleistocene human expan-
sion, but rather a much more mixed range of physical type. 
Donohue and Denham (2010) have expressed similar dis-
satisfactions with the standard model, although coming 
from a different perspective.

However, this transmission from the east did not end with 
the islands but continued into the mainland. As far as NE 
India, particularly Arunachal Pradesh, there are striking 
similarities with Melanesian culture, in addition to actual 
analogous systems of subsistence. These have recently 
been disguised by the spread of rice cultivation, which 
is strongly promoted by governments for reasons which 
have to do with an expression of cultural dominance 
rather than environmental suitability. Evidence for this 
link is marked by striking similarities in social and mate-
rial culture, which have been largely overwritten by the 
later expansion of the classic Neolithic throughout much 
of mainland SE Asia. Arunachal Pradesh and neighbour-
ing regions are thus ‘islands’ which retain elements of this 
archaic culture, as did much of Melanesia. Once a richer 
model of prehistory for the region is developed it will be 
possible to put tentative dates to this process and begin 
the process of re-interpreting existing sites from a fresh 
perspective.

The idea that the original agricultural system of SE Asia 
was tuber-based has a long history among agricultural 
ethnographers and Spriggs (1982: 12) collected references 
to this idea going back to the 1940s. However, this paper 
makes the specific claims that;

a) There is an ‘arc of vegeculture’ characterised by tubers, 
Musaceae, sago exploitation and sugar-cane which 
stretches between Melanesia and Eastern Nepal which 
is now only discernible in areas where it has not been 
displaced by cereal agriculture, particularly rice cultiva-
tion

1 Kay Williamson Educational Foundation, 8 Guest Road, Cam-
bridge CB1 2AL, United Kingdom

Acronyms & Conventions:
PAN = Proto-Austronesian; PMP = Proto-Malayopolynesian; # = quasi-reconstruction; * = regular reconstruction
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b) There are the beginnings of archaeological dates for 
these systems, attested in Ille Cave on Palawan, in Bor-
neo and perhaps in Thailand

c) There is a suite of material culture items which show 
related distributions and which may well be correlated 
with an early corridor of diffusion of ideas and subsist-
ence practice

d) There is some linguistic evidence for this, as terms 
which have been reconstructed for particular language 
phyla show wide distributions and may well be taken 
up from substrate lexica

e) Across this region there is intensive management of 
bamboos and rattans, which although non-domestic, 
have anthropic distributions due to their exploitation 
for subsistence

f) That this arc correlates with the distribution of the ‘ex-
tended Hoabinhian’ a pattern of flaked, cobble artefacts 
or non-formal stone tools which occurs from Nepal to 
Australia, which were ‘tools to make tools’. 

g) That these non-formal tools are thus a technotype, 
spreading by stimulus diffusion as much as by migra-
tion, and their use in processing plants explains both 
their variable typology and their patchy distribution

Recent research has now demonstrated the use of sago-
palms, bananas, freshwater roots and tubers and job’s-tears 
from 3,350–2470 BC from the site of Xincun, on the south-
ern coast of China (Yang et al. 2013).

Evidence from crops and managed plants

Sago

Sago, the pith of Metroxylon sagu, remains a staple of much 
of the lowlands of New Guinea and is grown as a reserve 
food in many swampy areas of the South Pacific (Barrau 
1959; Lie 1980; Stanton and Flach 1980; Rauwerdink 1986). 
It is managed, but not usually formally grown, and remains 
a highly productive plant, if not very nutritious (Rhoads 
1981). The palm trunk contains a starchy interior which 
can be processed as a staple food once the tree is cut down. 
In a region with a low human population density and 
dense forest, this is quite an attractive subsistence strategy 
and requires considerably less work than conventional ag-
riculture. Although found wild or as an escape on many 
islands of Indonesia, it is a significant element of diet on 
islands such as Seram (Ellen 2004) as well as among peo-
ples such as the Melanau in Western Borneo (Morris 1991). 
Other Metroxylon spp., such as M. salomonense, are widely 
scattered across the Pacific islands (McClatchey et al. 2005) 
but have not spread westwards to any significant degree. 
Sago is still esteemed for certain dishes in countries such 
as Malaysia, where it is used for kerepok lekor, ‘fish sausage’, 
but this now requires the import of sago starch in large 
quantities as it is no longer produced locally. 

The only other region where it is exploited extensively is 
in NE India, where the Puroik [=Sulung] of Arunachal 
Pradesh still process it (Stonor 1952; Deuri 1982; Sharma 
1984; Gangwar and Ramakrishnan 1990). Peoples such as 
the Milang prepare it to feed to pigs but will no longer 
eat it for everyday consumption (Modi 2008), although it 
is acceptable as a famine food (Photo 1). Peoples such as 
the Idu also recount the processing of sago in the recent 
past (Bhattacharjee 1983: 57). As far as can be judged from 
Stonor’s detailed description, the steps for processing sago 
are very similar to those practised widely in New Guinea.

Photo 1. Milang washing sago log.

The sago palm may not be the only species exploited in 
this way. Another important palm is the tasse or fishtail 
palm, Wallichia disticha, widely exploited in NE India 
(Tassar n.d.). Apart from the uses of plant parts in subsist-
ence, the inner pith is extracted and processed in a manner 
extremely similar to sago and used for human food, saring, 
as well as to feed to pigs. In addition, the ‘cabbage’ of the 
tree fern can be cooked and eaten. All these arborescent 
plants are part of a complex arboricultural system; not 
domesticated in the genetic sense, but manipulated as an 
element in managing the environment for subsistence. In 
relation to Borneo, Huw Barton (pers. comm.) says ‘The 
starch I have managed to extract from the stone pound-
ers found in the [Kelabit] Highlands, again prehistoric but 
no secure dates, has palms (a granule that could be either 
Eugeissonia or Caryota and some very clear starches from 
Arenga undulatifolia as well as palm type phytoliths). So 
I am utterly convinced that we had some form of palm-
based swiddeners in the Highlands of Borneo by at least 
6,500 [BP] and who knows how much earlier?’ The pro-
cessing of starch from Arenga sp. palms in Borneo has 
ethnographic parallels in NE India into the present.

Edible starches can be extracted from tree ferns, Cy-
atheales, and cycads. The sago cycad, Cycas revoluta, is a 
slow-growing wild or ornamental plant, commonly called 
the sago palm, although it is of course not a palm. Despite 
its extreme toxicity, processed starch is made from this 
and other cycads. Sachs (1997) describes the distressing 
neurological condition, Lytico-bodig, which affects the 
Chamorro of Guam, through consumption of bats which 
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eat the cycad seeds. Both tree-ferns and cycads are exploit-
ed across this region but the documentation is too weak to 
be certain they are processed in comparable ways and thus 
form part of this pattern.

Taro

The origin of taro, Colocasia esculenta, is a complex sto-
ry. There was certainly a domestication in New Guinea, 
which is of considerable antiquity and which probably 
spread westward into island SE Asia (Fullagar et al. 2006). 
However, it is likely there was a separate domestication in 
MSEA, which travelled eastward to Borneo along with the 
actual word taro and its cognates (Blench 2011a, b). Taro is 
embedded in the Austroasiatic language phylum (Blench 
2012a) and was certainly spread as its individual branches 
diversified. However, words for domestic taro in the lan-
guages of NE India and Eastern Nepal resemble neither 
Austroasiatic nor one another, which suggests that this 
was an important early centre of secondary diversifica-
tion. Photo 2 shows offerings of taro at a shrine in the cen-
tral square of Bhaktapur, in the Kathmandu valley. Taro is 
also an important crop in Yunnan, but the linguistic and 
biological evidence for its domestication and spread there 
remains weak. However, it is reasonable to conclude there 
was an arc of taro spreading from Arunachal Pradesh to 
Melanesia, with ensembles of cultivars radiating outwards 
from at least two and possibly more domestication nuclei.

Photo 2. Taro offerings at Bhaktapur shrine.

Blench (2012a) gives extensive lexical data on names for 
taro, and this is summarised here. In SE Asia there is a 
widespread term, #trawʔ which has reflexes throughout 
Austroasiatic, which suggests that taro played an impor-
tant role in the early expansion of its speakers. Diffloth 
(2005) has pointed out the strong correlation between 
subgroups of Austroasiatic and river valleys. There are 
two main complexes of terms within Austronesian, *taleʃ 
and *ma. Dempwolff (1938: 128–9) reconstructed *talǝt 
for proto-Austronesian, but his evidence includes neither 
Formosan nor indeed any languages near Taiwan. Wolff 

(2010: 7, 993) gives evidence that *tali is widespread in 
Austronesian languages of Taiwan (Table 1). However, he 
regards these forms as a secondary loan due to their ir-
regular relationships.

Table 1. ‘Taro’ in Formosan languages

Language Attestation Gloss
Thao ɬari taro, Colocasia esculenta
Atayal caiʔ taro
Sediq sariʔ taro
Rukai tái taro
Maga a-tée taro
Bunun taiʔ taro
Amis tali taro, tuberous food
Source: adapted from Wolff (2010)

Wolff treats the Proto-Malayo-Polynesian with the final af-
fricate (talec in his transcription) as a regular reconstruc-
tion, yet he cannot cite evidence from any language north 
of Palawan, in other words this is virtually absent from 
the Philippines. This suggests that Austronesian speakers 
borrowed taro from Austroasiatic speakers during an early 
phase of contact and it subsequently spread northwards. 
Austronesians were almost certainly originally cereal cul-
tivators, but during their expansion they switched to vege-
culture. The English term ‘taro’ is an eighteenth century 
borrowing from a Polynesian language. 

The *ma root seems to originate in Papuan and to have 
spread westwards into Austronesian. Pawley (2005: 101) 
quotes a Trans-New Guinea phylum (TNG) reconstructed 
form *mV for taro. Hays (2005: Map 3) shows the distribu-
tion of this root in Irian Jaya, although he does not pro-
vide actual forms. The TNG includes a large number of 
Papuan languages along the central spine of the island of 
New Guinea and has outliers on Timor and other offshore 
islands. The lexical diversity of the TNG suggests that it 
may have originated as much as 10,000 years ago (Pawley 
2005: 97). The stimulus for the expansion of the TNG is 
unknown but the proposal is that it was vegeculture and 
arboriculture. It is thus credible that this reconstruction is 
linked to a Papuan centre of domestication and that TNG 
speakers spread the earliest cultivated taro in this region. 
However, there is no evidence for the mV- root for taro 
west of Timor. Many Oceanic languages attest a root for 
taro which has been reconstructed as *mʷapo(q) (Ross et 
al. 2008). However, the reflexes in many actual Austrone-
sian languages are much shorter. Pawley (2005: 101) states 
unambiguously that Austronesian borrowed the TNG term.

The overall situation with taro thus seems to be that there 
are three important nuclei of domestication and spread. 
Whether these are primary or secondary remains to be 
determined. One of these is on the Melanesian mainland, 
whence taro spread westwards into ISEA. A second nucleus 
appears to be in the Austroasiatic-speaking area of MSEA. 
Sidwell & Blench (2011) propose that this was on the Up-
per Mekong, allowing different subgroups to spread west, 
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east and south. However, there may be a further nucleus 
of domestication or diffusion between Arunachal Pradesh 
and Yunnan, as the lexical evidence shows no evidence for 
contact with the Austroasiatic zone.

Dioscoraceae

The true yams are the Dioscoraceae and there are ten ma-
jor species of domestic yam across the world as well as a 
host of minor local domestications. Determining the re-
gion of origin of yams is difficult because of their tendency 
to outcross with their wild relatives. In even an up-to-date 
source such as Lebot (2009), there are at least three species 
which have an ‘indeterminate’ SE Asia/Melanesia origin, 
Dioscorea alata, D. esculenta and D. nummularia. Yams are 
a staple of most populations in lowland New Guinea, par-
ticularly Dioscorea alata, the greater yam. Yams are culti-
vated sporadically throughout island SE Asia, and there is 
growing evidence that they were cultivated well before the 
Austronesian expansion. Ille Cave, on the island of Pala-
wan (which would have been connected to Borneo by land 
prior to the rise in sea level) has provided crucial evidence 
for cultivation prior to 8000 BP. Barker et al. (2011: 6) say: 

The presence of parenchyma identical to those of 
the modern domesticated yam at Ille Cave in secure 
stratigraphic contexts provides extremely strong evi-
dence that it was being intensively exploited by people 
in Palawan thousands of years before the supposed 
Austronesian expansion.

Yams are still significant in the cuisine of some islands of 
the Philippines, and a popular dish, ube halaya, made from 
grated Dioscorea alata.

Yams have little economic importance in any region on 
the mainland except in NE India, where they constitute 
a staple for many montane populations (Photo 3). Some 
highland populations in Laos and Thailand also cultivate 
yams but the ethnobotany of many types remains hardly 
described. Taylor (1953) undertook to map the distribution 
of staple crops in SE Asia through an extensive literature 
search and his map shows a concentration of yam and taro 
in arc through from NE India to Laos. The map is inac-
curate in not showing more taro cultivation in other parts 
of SE Asia, but it remains indicative of the general point.

The linguistic evidence for yams is hard to interpret. Aus-
tronesian *(q)ubi is attested in forms as far north as Yami, 
but not in Formosan proper.1 There do not seem to be any 
widespread linguistic roots on the mainland, but the evi-
dence is confused by authors who record forms for ‘sweet 
potato’ (a New World introduction) as ‘yam’, following 
American vernacular usage. As with ‘taro’, no widespread 
roots were recorded in the languages of NE India.

Musaceae

It is now generally accepted that New Guinea constitutes 
one of the major foci of domestication of bananas. In the 
case of the bananas, the genetic evidence has recently been 
reviewed by Kennedy (2008) and the linguistic evidence 
by Denham & Donohue (2009). Although there is a pro-
posed reconstruction, #pu(n)ti, for ‘banana’ in the Aus-
tronesian literature, originating with Dempwolff (1938) it 
seems highly unlikely this can actually be reconstructed 
to PMP level as it has only a few scattered occurrences in 
the Philippines and is almost absent from Java and Suma-
tra. Wolff (2010: 945) notes that puti ‘banana’ is recorded 
in the extinct Formosan languages Basay and Trobiawan 
but these few attestations and absence from synchronic 
Taiwanese Austronesian points to borrowing.

Although they remain poorly described, the Musaceae 
in the jungles of Arunachal Pradesh are of considerable 
importance. Various types of bananas are consumed as 
starchy staples, but there are also a great variety of wild or 
feral types which are exploited for food. Photo 4 shows a 
typical hand of bananas such as occur in the Tani-speak-
ing area.

1 Wolff (2010: 967) shows that the furthest north this root 
appears is in the Philippines. 

Photo 3. Dioscorea alata grown by Milang. Photo 4. ‘Jungle’ bananas in NE India.
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As Denham & Donohue (2009) suggest, #pu(n)ti can cred-
ibly be interpreted as an eastern term which has spread 
west. Large, starchy triploids remain an important part of 
diet there and in many islands of Indonesia. Smaller, sweet 
diploids have replaced the staple types in many parts of SE 
Asia, but again, NE India is an important focus for large 
starchy Musaceae. Regrettably, these have hardly been in-
vestigated botanically, but most peoples cultivate a variety 
of different types. Basic lexemes for ‘banana, plantain’, as 
for taro, are highly diverse and do not resemble one an-
other, which similarly argues for great antiquity. 

Denham & Donohue (2009) have compiled a very ex-
tensive dataset for Pacific banana names, and one root in 
particular, #kVlV, is attested from West Papua (where it 
is borrowed into Papuan), across to SE Asia and into NE 
India, where there are cognates in Indo-Aryan languages. 
Table 2 shows the extension of this term in SE Asia and 
beyond. 

Frankly, it hard to tell where this term originated, as it is 
present in so many different language phyla. Its restric-
tion to western ISEA suggests that it is a borrowing into 
Austronesian and may thus represent a domestication on 
the mainland of SE Asia and to have spread both east and 
west from its nucleus. Within Austronesian it presum-
ably is in competition with the #pu(n)ti root diffusing out 
from Melanesia. Its attestation in Tani in NE India (as with 
sugar-cane - see below) points again to the vegecultural 
substrate in this region.

Sugar-cane

Sugar-cane, Saccharum officinarum, is likely to have been 
domesticated in New Guinea and certainly spread west-
wards, as well as to Polynesia. Brandes (1956: 727, 731, 733) 
argued that S. officinarum was domesticated from S. robus-
tum Brandes & Jeswiet which grows wild in New Guinea, 
a view which is still generally accepted (Grivet et al. 2004). 

Table 2. Reflexes of #kVlV ‘banana’ in SE Asian languages

Phylum Branch Language Attestation Comment
Sino-Tibetan Karenic Kayah Li dīklwí
Sino-Tibetan Tani Proto-Tani *ko-luŋ wild banana
Sino-Tibetan Luish Cak ca ˋu (ˋsi)
Austroasiatic Palaungic Shinman kaʔ4 mual2̥
Austroasiatic Palaungic De’ang klɔi51 < Zhuang? 
Austroasiatic Vietic Thavung kuay
Austroasiatic Khmuic Khabit kəltiʔ
Austroasiatic Khasian War Jaintia HKL kaiṱ
Austronesian Philippines Tboli kelutay
Austronesian Sulawesi Kaili loka
Austronesian Sulawesi Mandara loka
Austronesian Sumatra Batak galo
Austronesian Maluku Muna kalei
Austronesian Maluku Asilulu kula
Austronesian Bima-Sumba Wewewa kalowo
Austronesian Bima-Sumba Kambera kalú
Austronesian Bima-Sumba Komodo kalo
Papuan W. Papua Saweru karei
Papuan TNG Damal kelo
Daic Kam-Tai Maonan la:k8 coi3
Daic Tai Lu kuəy13
Daic Tai Dai koi3
Daic Tai Zhuang kloi3
Daic Tai Bouyei ɣok7 ʨuai3
Daic Tai Thai kluay3 กล้วย
Daic Tai Lao kûay ກ້ວຍ 
Daic Tai Shan koj3 ၵူၺ်ႈ 
Daic Tai Aiton kui3
Indo-European Indo-Aryan Bangla kola
Indo-European Indo-Aryan Marathi kelã
Indo-European Indo-Aryan Nepali kera
Indo-European Indo-Aryan Pashto kela’h
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The canes of North India and China which were tradition-
ally used to make sugar may result from local natural hy-
bridisation with S. spontaneum L. which resulted in S. bar-
beri Jeswiet and S. sinense Roxb. respectively. The original 
cultivated sugarcane in ISEA may not have been S. offici-
narum, but S. sinense, and this was the species transported 
by Austronesians (Daniels & Daniels 1993). S. sinense and 
S. officinarum are closely related, and either could have 
developed from the other, whereas S. barberi is quite dis-
tinct, and a separate North Indian development (Daniels & 
Daniels 1993: 5–6). This suggests that the sugar-cane spread 
by the Austronesians was the separately domesticated S. 
sinense and not S. officinarum, which has now replaced it 
over all its range. Arnaud et al. (1997), Mahdi (1998) and 
Ross et al. (2008) have compiled extensive evidence for 
the reconstruction of a root #təbuS. Reflexes of *təbuS 
‘sugarcane’ occur widely in Taiwan (Li 1994: #8) which is 
somewhat puzzling if indeed sugar-cane was domesticated 
in New Guinea. Wolff (2010: 1003) thinks that the forms 
with a final fricative are a secondary spread in Formosan 
languages and that a reconstruction to PMP is credible. 
Blust (n.d.) reconstructs *CebuS for PAN on the basis of,

Hoanya sibus sugarcane
Rukai coboso sugarcane (Tona)

with a doublet *tebuh in PMP. However, it turns out that 
this root is spread more widely still, occurring in Aus-
troasiatic as ‘millet’, in the Tani languages of Arunachal 
Pradesh and even in Nepal (Table 3).

If the persistence of reflexes in Arunachal Pradesh and Ne-
pal is a genuine survival from the earliest period of vege-
culture, it is a remarkable testimony to the longevity of 
these vernacular names. The proto-Tani must presumably 
have picked these up from a substrate language, as Tani is 
too recent an expansion to be directly implicated in the 

arc of vegeculture (Sun 1993). The final –t in proto-Tani 
looks as if may well correspond with the final fricative (-ʃ) 
in Formosan. Mahdi (pers. comm.) argues that the pres-
ence of the Austronesian root in NE India derives from 
later contact, although if so, it is curious that cognates only 
show up in remote inland languages.

Bamboos and rattans

Bamboos and rattans form a key part of the natural and 
human environment in SE Asia (Dransfield & Widjaja 
1995; Flach & Rumawas 1996; Wong 1995, 2004). Although 
more biodiverse in the tropical regions, various genera 
also extend into temperate zones. Their biodiversity has 
been mapped in some detail in Bystriakova et al. (2003). 
Map 1 shows the generic richness or species diversity in 
SE Asia extending to Northern Australia and Japan. NE 
India is particularly notable for the high species diversity 
of the bamboos. Map 2 shows the generic richness of Den-
drocalamus, on the of the key rattan genera in SE Asia.2 As 
with Bambusa, MSEA is the nucleus of diversity.

There are two aspects of synchronic ethnography relevant 
to this; the wide use of bamboo tools for hunting, extract-
ing and processing food and the importance of basketry 
in SE Asian culture. Bamboos and rattans are widely used 
throughout the region, but particularly in the region be-
tween NE India and western Melanesia. Indeed this led 
Narr (1966) to characterise the prehistory of the whole 
zone as Holzindustrie, a term equivalent to ‘lignic’. The 
comparative ethnography of basketry is more difficult to 

2 The absence of NE India on this map is curious and must be 
a reporting lacuna. Dendrocalamus is essential to subsistence 
throughout the region.

Table 3. The #təbuS root for ‘sugarcane’ in SE Asian languages

Phylum Branch Language Gloss Attestation
Sino-Tibetan Newaric Newar sugar-cane tu
Sino-Tibetan Tani Galo sugar-cane tabə
Sino-Tibetan Tani proto-Tani sugar-cane *ta-bat
Austroasiatic Monic Old Khmer millet tvau
Austroasiatic Bahnaric Stieng millet bɔu
Austroasiatic Bahnaric East Bahnar millet təbɤ:u
Austroasiatic Aslian Kensiw ? < Malay təˈbuʔ
Austronesian Formosan Saisiat ka-tbuʃ
Austronesian Formosan Kanakanabu təvə́sə
Austronesian Formosan Amis təvuc
Austronesian Formosan Rukai cubúsə
Austronesian Formosan Paiwan tjevus
Austronesian PMP *tebuh
Austronesian Micronesian Chamorro tupu
Austronesian Micronesian Kusaie tuh
Austronesian Philippines Tagalog tubo
Austronesian Philippines Cebuano tubu
Austronesian Philippines West Bukidnon təvu

http://trussel2.com/ACD/acd-l_H.htm#Hoanya
http://trussel2.com/ACD/acd-l_R.htm#Rukai
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Phylum Branch Language Gloss Attestation
Austronesian Barito Ngaju tɛwu
Austronesian Chamic proto-Chamic *təbɔw
Austronesian Barrier islands Nias tovu
Austronesian Malayic Malay təbu
Austronesian Malayic Old Javanese təbū
Austronesian Sarawakan Bintulu tebau
Austronesian Sumbawan Sundanese tiwuʔ
Austronesian Sulawesi Uma towu
Austronesian Sulawesi Buginese təbbu
Austronesian Maluku Soboyo tofu
Austronesian Maluku Kai tɛv
Austronesian Maluku Yamdena tɛfu
Austronesian Flores Sikka tewwu
Austronesian Flores Roti tefu
Austronesian Timor Kisar keu
Austronesian Bomberai Arguni tof
Austronesian Bomberai Onin tepi
Austronesian Oceanic P-Oceanic *topu
Austronesian Oceanic Minyaifuin top
Austronesian Oceanic Kaniets tof
Austronesian Huon Gulf Kaiwa tov
Austronesian Huon Gulf Yabem te
Austronesian Ngero Vitiaz Kove tou
Austronesian Meso-Melanesian Nakanai tobu
Austronesian Papuan Tip Kiriwina tou
Austronesian Papuan Tip Sinaugoro tobo
Austronesian Papuan Tip Dobu tou
Austronesian Papuan Tip Motu tohu
Austronesian SE Solomonic Gela tovu
Austronesian SE Solomonic Arosi ohu
Austronesian SE Solomonic Iapa tou
Austronesian SE Solomonic Ulawa ohu
Austronesian N Vanuatu Aulua tif
Austronesian N Vanuatu Uripiv top
Austronesian N Vanuatu Mota tou
Austronesian N Vanuatu Way tovu
Austronesian N Vanuatu Valpei tobu
Austronesian Fijian Mbau ndovu
Sources: Austronesian forms mainly from Mahdi (1998)

Table 3 continued.

Map 2. Rattan distribution in Asia and northern Australia.

Map 1. Bamboo distribution in Asia and northern Australia.
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characterise in the absence of quantitative studies, since 
basketry is virtually worldwide. However, individual soci-
eties, for example in Arunachal Pradesh or the Northern 
Philippines,3 have up to forty different baskets for highly 
specific usages, which is far more than most other socie-
ties around the world. As will be suggested below this is 
probably the reflection of a new approach to stone tool 
production.

The Ti tree

The ti tree, Cordyline fruticosa (Photo 5), is found in a large 
part of the Indo-Pacific almost exactly corresponding to 
the arc of vegeculture, from Eastern Nepal, through South 
China to remote Polynesia (Simpson 2000; Whistler 2009). 
It is usually cultivated and its distribution is thought to 
be strongly anthropic. It is used in ceremonial contexts 
almost throughout its range but is also a very common 
leaf used to wrap cooked food (Yen 1974). It is regarded 
as a food plant in parts of Polynesia, the root being slowly 
baked in earth ovens. Its exact area of adoption into the ar-
boricultural system is unknown but it shows strong signs 
of being distributed by human movement, combining a 
striking appearance with a range of uses.

3 I judge this by museum collections, for example, the Don 
Bosco museum of NE India in Shillong and the Kiangan 
Museum of Ifugao culture in Luzon. See also Lane (1986)

Synchronic Material Culture

General

The comparison of ethnographic material culture is not 
much in favour these days, being deemed an outmoded 
enthusiasm of German Kulurkreislehre theory. Nonethe-
less, there are striking similarities in specific items at the 
far ends of the ‘arc of vegeculture’ which point to a trans-
mission of ideas and culture along this corridor. Some of 
these have no parallels elsewhere in the world and as eth-
nographic rarities they may be significant. Similarities can 
always be dismissed as independent invention, although 
for some reason archaeologists do not generally use this 
argument for pottery.

Links between NE India and Melanesia

Slit-gongs

The slit-gong, garamut in New Guinea, is a large hollowed 
log, with a longitudinal slit along the upper surface. Slit-
gongs are known from all continents, but the manufacture 
of very large ones is confined to limited regions of the 
world, including Central Africa, Melanesia and NE India. 
In NE India they are typical of the Naga groups; see for 
example the Nocte instrument in Photo 6. However, strik-
ingly, they are played by multiple players simultaneously, 
with the sticks held vertically, rather than horizontally, 
which is the pattern elsewhere in the world (cf. illustra-
tions in Saul 2005: 96). The only other region where this 
playing technique is used is in New Guinea (Gourlay 1975; 
Maclean 1994). However, as Maclean (1994: 55) points out, 
the distribution of these slit-gongs is limited to coastal ar-
eas and islands such as New Britain and New Ireland, as if 
they were being distributed by a seagoing people. However, 
they have no particular association with Austronesian lan-
guages. It is suggested there that they were indeed being 
moved around by sea but in an era prior to the Austrone-
sian expansion; and were carried to the SE Asian mainland 
where they now survive only in NE India (and possibly 
Yunnan).

String bags

One of the more well-known traditional manufactures 
of New Guinea is the string bag, or ‘bilum bag’ (Photo 7). 

Photo 5. Ti tree, Cordyline fruticosa. Photo 6. Nocte slit-gong (Itanagar Museum).
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These have become well-known in recent years as a minor 
tourist artefact. Although a string bag may seem to be an 
obvious item to make in fact it is not; such bags are quite 
unknown in the traditional repertoire of SE Asia, where 
basketry dominates. However, the other part of the region 
where these are made is in NE India (Photo 8). 

Placing the dead on platforms

One of the features of New Guinea culture that caused 
much consternation to early patrol officers was the custom 
of placing the dead on platforms in the middle of settle-
ments, usually in the centre of the main thoroughfare. As 
the corpses were left to putrefy, this was considered un-
hygienic and the practice was forbidden, despite opposi-
tion from traditionalists. Globally, this is highly unusual, 
as burial, burning and various types of excarnation are 
predominant. However, the one other place in the world 
where it is recorded is in NE India, among various Naga 
groups. Indeed since the practice is still current in some 
areas, the same health issues as in New Guinea are cur-
rently under discussion.

The plumes of paradise

One of the most striking products from New Guinea, ap-
parently traded over long distances from an early period, 
are the feathers of the birds of paradise (Swadling 1996). 
Ethnographically, they were the subject of a lively trade 
from Melanesia at the period of first European contact. 
They are hard to document in the archaeological record, 
but as soon as they enter the historical record they were 
already being traded far and wide. When the Portuguese 
first reached SE Asia, bird of paradise skins were being car-
ried as far Persia and Turkey. Indeed, Swadling (1996: Plate 
9) illustrates their plumes being used for ceremonial head-
gear in Nepal. Trade items like this can never constitute 
proof of an ancient cultural corridor, but they do illustrate 
the long distances valued and relatively light items could 
move even prior to the Austronesian expansion.

Links between Borneo and Arunachal Pradesh

Longhouses

One of the most distinctive architectural patterns charac-
teristic of Borneo is the longhouse, an architectural pat-
tern whereby a number of families establish houses in a 
continuous joined row with a common verandah (Photo 
9). Similar houses are also known from some Austrone-
sian-speaking minorities in Vietnam, for example the 
Sedang (Ɖặng Nghiêm Vạn 1998). Photo 10 shows a re-
construction of an E De longhouse at the Hanoi Museum 
of Ethnology. A longhouse exceeding 100 m has been ex-
cavated at the Neolithic site of Hemudu in SE China (Yan 
Wenming 2005). Globally, longhouses are vanishingly rare, 
although structures with a common entrance were known 
in early northern Europe and North America. An apparent 
longhouse is constructed by the Teribe in Costa Rica and 
Panama4 but otherwise global parallels are vanishingly 
rare. The only other place in the Indo-Pacific region where 
these structures are still constructed is Arunachal Pradesh, 

4 http://www.ticopedia.de/Naso. Thanks to Waruno Mahdi for 
this parallel.

Photo 7. New Guinea bilum bag.

Photo 8. Milang string bag. Photo 9. Borneo longhouse, Annah Rais, Sarawak..

http://www.ticopedia.de/Naso
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among the Idu Mishmi and related peoples (Bhattacharjee 
1983). Photo 11 shows a Minyong longhouse in Arunachal 
Pradesh, with structural characteristics almost identical to 
Borneo longhouses.

A recent thesis on the otherwise almost unknown Bangru 
people of Sarli circle in Arunachal Pradesh illustrates the 
current use of longhouses very clearly (Ramya 2012).

Hornbills and raptors

One of the more intriguing aspects of the bones found 
in Borneo archaeological sites such as Niah, is the high 
percentage of bird bones among the wild fauna, particu-
larly hornbills and raptors (Stimpson 2009; Piper & Rabett 
2009). This is rather unusual, as these are not common 
food species. Hornbills are symbolically very important 
today but any reason for such a preponderance of raptors 
is less obvious. However, both of these can be interpreted 
in the light of the ethnography of NE India.

Hornbills, Bucerotidae, are found in both Africa and Asia, 
but only in Asia do they seem to play a significant role in 

religious symbolism and artistic. Borneo is well-known 
for the importance attached to hornbills, indeed they have 
been declared the state bird of Sarawak. Photo 12 shows 
stylised hornbill figurations created by Iban craftsmen for 
the roof of the Sarawak Museum in Kuching. However, 
hornbills have similar importance among many peoples 
in Arunachal Pradesh and it is also the symbol of that state. 
Among the neighbouring Zeme Naga they play an impor-
tant role in mythology (Stonor 1965). Photo 13 shows an 
example of the type of ceremonial hat built from hornbill 
beaks found in many places in NE India. Hornbills also 
appear in the iconography of New Guinea although they 
do not appear to taken on the same importance. In New 
Ireland, for example, they appear among a variety of bird 

Photo 11. Minyong longhouse, Arunachal Pradesh.

Photo 12. Stylised hornbill figurations, Iban.

Photo 13. Hornbill hat, Galo, Arunachal Pradesh.

Photo 10. Reconstruction of an E De longhouse, Hanoi 
Museum of Ethnology.
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species featuring in the dramatic carving styles of that is-
land (Spiegel 1973).

Raptors are not usually considered ideal species to hunt 
and while some may be killed if they predate domestic 
poultry, they are largely left alone, globally. Not so in 
Arunachal Pradesh, where killing and eating raptors is a 
virtual obsession. Photo 14 shows a newly shot hawk hung 
up to become gamey before being eaten in Pasighat, the 
Adi-speaking area. The preponderance of raptors in Bor-
neo midden sites may well be evidence of related practice 
in a period when these regions were more closely linked.

Linguistic Evidence: substrates and 
erosion

Should we expect there to be any linguistic evidence in 
support of this claim? It is unlikely, since the known diver-
sity of languages in western Melanesia and in Arunachal 
Pradesh is such that it is hard to relate neighbouring lan-
guages to one another, let alone to retain common lexicon 
after ten thousand years. Curiously, there is a claim of this 
nature, published in an otherwise respected journal, PNAS, 
to the effect that Kusunda, a language isolate of Nepal can 
be connected, inter alia, to Tasmanian (Whitehouse et 
al. 2004). Blench (2008) is highly sceptical of this specula-
tion, and of the general argument for Indo-Pacific, though 
Pawley (2009) argues for a more restricted acceptance of 
some of its claims. 

However, it would be more reasonable to imagine that the 
Austronesian languages spoken in ISEA and adjacent Pa-
cific regions might well retain evidence for prior substrates 
(Blench 2012b). Blust (2009) points out the difficulties of 
relating much of the lexicon of some Austronesian lan-
guages to the core reconstructions, particularly in the case 
of the Whiteman group of New Britain languages, as well 
as Drehu and Nengone in New Caledonia. In a subsection 
of a review of a book synthesising current knowledge on 

Oceanic languages, Blust (2005: 552) makes some points 
concerning Papuan/Austronesian interactions. His obser-
vations are worth quoting in extenso:

Undoubtedly the greatest missed opportunity in TOL 
[The Oceanic languages Lynch et al. 2002] is the failure 
to consider in greater depth the mismatch between lin-
guistic typology and genetic relationship in areas where 
Papuan languages are not present, and the implications 
this misalignment has for Pacific prehistory. In some 
ways this takes us back to issues discussed by writers 
such as Ray (1926) and Capell (1943), who … concluded, 
based on the evidence of divergent language structures, 
reduced cognate densities, physical anthropology, and 
cultural differences, that the Austronesian languages 
of Melanesia had originated as pidgins when An 
speakers from various parts of insular Southeast Asia 
established trading colonies among linguistically un-
related groups in Melanesia. … What has gone almost 
completely unappreciated in this history of changing 
scientific paradigms is the typological evidence from 
language, which suggests that Papuan languages were 
much more widely distributed in the Pacific during the 
early phases of AN contact than they are today.

Blust analyses the quinary systems of Oceanic languag-
es, and points to their likely origin in Papuan languages. 
However, he highlights the problem that in some places, 
notably the Solomons, Vanuatu and New Caledonia, there 
were no prior populations that would be the source of 
such a substrate. Blust is certainly correct to point to the 
mismatch between linguistics and archaeology that this 
implies and speculates that this may be the result of lacu-
nae in the archaeology. This is unlikely; these islands are 
now well surveyed archaeologically and it is extremely im-
probable that there is evidence for significant earlier popu-
lations that has been missed. But if the present scenario 
contains elements of truth, then this is unnecessary; Aus-
tronesians would certainly have encountered Papuan-type 
vegeculturalists on a wide variety of islands west of their 
distribution today, enough to account for both quinary 
systems and other anomalies in lexicon and syntax, such 
as the numerals of Kokota on Santa Isabel, which show 
very limited evidence for inherited Austronesian forms. 

Can this be correlated with the 
archaeological record?

The suggestion made here is that well prior to the spread of 
‘Neolithic’ rice cultivation in SE Asia, vegecultural systems 
were practised together with a suite of characteristic cul-
tural practices in an arc from Melanesia to NE India. Vege-
culture is extremely difficult to track in the archaeological 
record, especially if you are not expecting it. Most traces 
of this, both in terms of crops and cultural practices, occur 
today at the far ends of the arc as later expansions, particu-
larly of speakers of Austroasiatic and Austronesian, drove 
a wedge through the centre of the region. Nonetheless, it is 
reasonable to ask what sort of sites and dates would consti-
tute evidence for the existence of such as system. Photo 14. Hawk suspended prior to consumption, Pasighat.
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We know that vegeculture and arboriculture are initiated 
by 10,000 BP in New Guinea and that there is evidence for 
a westward flow of innovation. Pleistocene sea-voyaging 
in near Oceania has been well-documented, but evidence 
is now surfacing for similar movements in ISEA. Ono et 
al. (2009) document the successive occupation and aban-
donment of the Talaud islands (which require a 100 km. 
voyage across open sea) from 35,000 BP onwards. Various 
writers (e.g. Yen 1977; Spriggs 1993; Rabett & Barker 2010) 
have wondered whether it is possible there was horticul-
ture during the Pleistocene. The D. alata parenchyma from 
Ille Cave on Palawan cited above may be the sole piece of 
hard evidence outside Melanesia. We have no clear evi-
dence for the subsistence strategies of pre-rice societies in 
mainland SE Asia, apart from the foraging economies rep-
resented by sites such as Da But (Bui Vinh 1991). Da But, 
in the coastal region of Thanh Hoa province of Vietnam, 
is an early Neolithic cemetery and shell midden, radiocar-
bon dated to 5085 BC (Nguyen Viet 2005). 

The stone tool industries of SE Asia remain problematic. 
Many of them fall into the category of ‘non-formal’ i.e. 
they do not appear to be fully shaped compared with the 
sophisticated implements found in much of the rest of 
the world. Indeed this has led earlier accounts of world 
prehistory to characterise them as ‘non-progressive’ (e.g. 
Clark & Pigott 1965). There is every reason to think this 
view is seriously mistaken; what happened instead is a 
completely different approach to lithics, which switch to 
becoming ‘tools to make tools’. This switch occurs because 
of the ready availability of a ligneous material quite unlike 
those of Africa and western Eurasia, namely the bamboos 
and rattans. 

Debate on the identity of lithics in SE Asia has typically 
generated more heat than light. Different papers radi-
cally diverge on the definition and distribution of even 
the most common named types. The most well-known 
named technocomplex is the Hoabinhian. Hoabinhian 
culture (Văn hóa Hòa Bình), named for the type-site in 
Vietnam, describes stone artefact assemblages in Southeast 
Asia with flaked, cobble artefacts, ascribed to the period 
10,000–2000 BC in earlier sources (Matthews 1964, 1966; 
Gorman 1971; Anisyutkin & Timofeyev 2006). Bacsonian 
[named for the excavations of Madeline Colani] is often 
regarded as a variation of the Hoabinhian industry char-
acterised by a higher frequency of edge-ground cobble 
artefacts, produced by direct percussion with hard ham-
merstone, dated to c. 8000–4000 BC. However, more re-
cent reviews have considerably extended its temporal and 
geographical range. White (2011) considers it confined to 
MSEA, but other archaeologists argue that there are stone 
tools displaying Hoabinhian elements in Nepal, South 
China, Taiwan and Australia (Moser 2001, 2012; Bowdler 
2006, 2008). The western limit of the Hoabinhian may be 
in NE India (Sharma 1984, 1990) and East-Central Nepal 
(Corvinus 2007; Gaillard et al. 2011) although Gaillard et 
al. (2012) also include the Siwaliks of NW India. Strictly 
defined, Hoabinhian tool types are virtually absent from 
ISEA, except for the famed ‘Sumatraliths’ in NE Sumatra 

(Forestier et al. 2005). 

Moser (2012) expresses perplexity at the absence of any 
hard and fast definition of Hoabinhian technological 
characteristics and agreed distribution. I would like to 
suggest that this is because this class of lithics is defined 
by absence; by what it is not. The makers themselves had 
a much looser sense of the features of their final output as 
long as it functioned to process ligneous materials.  As a 
consequence, the variability will always be such as to have 
rough regional tendencies but no distinct feature-based 
definition which result in unambiguous assignment of 
individual finds. The exception to this are the uniface su-
matraliths, which are more clearly shaped; it only remains 
to establish their function.

In the light of this, Map 3 shows the approximate distribu-
tion of the broader class of non-formal stone tools in the 
Indo-Pacific region. Within that, the region of Hoabinhian 
tools according to conservative measures (Forestier 2010) 
is marked. Superimposed on the map are the flake and 
blade industries of Eastern ISEA. Question marks in New 
Guinea, India, Japan and China represent claims for ‘Ho-
abinhian’ stone tools, for example from Bowdler (2008). 

Much of the debate around the Hoabinhian centres on the 
type of subsistence with which they might be correlated 
(Bowdler 2008). Shellfish processing or nut-cracking has 
often been suggested and the type of sites referred to as 
Hoabinhian in Vietnam certainly have abundant remains 
of wild nuts (Nguyen Viet 2008). The problem with this is 
that Hoabinhian tools are found in a wide variety of ecol-
ogies and are associated with very different subsistence 
systems. The suggestion by Narr (1966) of a Holzindustrie 
has been taken up by a number of authors (e.g. Forestier 
et al. 2003, Forestier 2010; see also reviews in Xhauflair et 
al. 2012). More specifically, river-cobble tools are thought 

Map 3. Approximate distribution of non-formal stone tools 
with Classical Hohabinhian tool distribution and isea flake 
and blade industries superimposed.
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to have been used for working or maintenance of bamboo 
and rattans (White 2011) and possible other woody species. 
The use of large flake tools, retouched and unretouched, 
has been subject to experimental archaeology in Palawan 
(Xhauflair et al. 2010), with generally successful results. 
Overlaying maps 1 & 2 of bamboo and rattan diversity on 
the distribution of non-formal stone tools suggests this 
hypothesis neatly explains why the apparent regression of 
lithic technology is in fact a major advance.

If so, then this would explain a number of things. Hoabi-
nhian artefacts would be spread through stimulus diffu-
sion from one foraging/vegeculturalists group to another, 
as effective tools to process giant grasses (including sugar-
cane) and rattans. They would take on slightly different 
shapes according to both materials and the actual species 
exploited in different environments, hence the difficulties 
of characterising them absolutely, and disputes between 
archaeologists concerning their typology. Cobble tools 
are thus a technotype, locally adapted for a specific task. 
Far from being evidence of Pleistocene conservatism, they 
must have been very efficient at processing their target 
material to be so persistent in the archaeological record 
and to have such a broad distribution. In addition, the 
absence of any typologically related tools in the Amazon 
Basin,5 the other part of the world where bamboos are very 
diverse, but where they play a much more limited role in 
culture and subsistence, suggests that this is an intercon-
nected innovation characteristic of the Asia-Pacific region.

The ‘swamping of Sundaland’ may have played an impor-
tant role in creating these distribution patterns (Mahdi 
2010). We know that sea levels throughout ISEA rose some 
10,000 years ago submerging a vast area of land and creat-
ing islands in places which were once corridors. Through-
out most of the late Pleistocene, most of the shallow Sunda 
continental shelf that now lies under the South China Sea 
and the Gulf of Thailand was exposed (Hope 2005: 28). 
The lower sea level meant that throughout the late Pleis-
tocene, continental MSEA included Sumatra, Java, Borneo, 
and many other land areas. The Southeast Asian post-LGM 
(last glacial maximum) sea level rise inundated more than 
two million square kilometres of lowlands, much of it al-
luvial plain (Sathiamurthy and Voris 2006: 3). As climate 
and sea-level changed over the millennia, the distribution 
of vegetation would change, leaving ‘islands’ of character-
istic tools in the archaeological record.

If so, prior to the irruption of a rice-based Neolithic in 
MSEA, there was a corridor of transmission of ideas cor-
responding to vegecultural practices, including the man-
agement of bamboo and rattans, spread between Mela-
nesia and inland SE Asia, as far as Nepal. The Australian 
region would be problematic for vegeculture, but less so 

5 As I read the literature, Amazonian stone tools are very diverse, 
ranging from tools with few formal characteristics, to sophisti-
cated microlithic arrow points, found in different geographical 
regions.

for bamboos, which are widespread in the tropical regions. 
The claim is not that all users of characteristic Hoabinhian 
artefacts would have been committed vegeculturalists, but 
that this was a potential subsistence strategy and extended 
to foragers processing giant grasses and rattans. The asso-
ciated material culture in perishable materials would leave 
no trace in the archaeological record, but remains strongly 
marked in synchronic ethnography. 

Conclusions

NE India, Borneo and Melanesia share isolated cultural 
similarities and subsistence patterns which are difficult to 
explain on the basis of current models of a late Neolithic 
diffusion of agriculture. It is proposed these similarities 
are evidence of a much older connection between these re-
gions, which reflect a common strategy of vegeculture. The 
basis of this are crops currently considered to have been 
domesticated in Melanesia, but which clearly also have 
ancient centres of diversification in MSEA. It is further 
suggested that this pattern of vegeculture can be loosely 
correlated with the ‘expanded Hoabinhian’ or non-formal 
stone tool technocomplex which has usually been asso-
ciated solely with foraging. The absence of formal stone 
tools reflects a switch to bamboo and rattan processing, as 
MSEA is a centre of biodiversity for these genera. Dates for 
this remain uncertain, but the conventional appearance of 
the Hoabinhian at 10,000 BP would not be unreasonable. 
Moreover, the adoption of vegeculture and arboriculture 
would transform regional societies it would not be as vis-
ible in the archaeological record as cereal cultivation.

None of the ethnographic similarities highlighted in this 
paper in themselves constitute proof and archaeological 
evidence remains sparse. Nonetheless, the widespread 
assumption that the key transition on the mainland was 
from foraging to rice agriculture may be erroneous. Evi-
dence for opportunistic vegeculture may be much harder 
to uncover archaeologically, especially if it is not the focus 
of investigation. Nonetheless, these are striking technolo-
gies; sago processing in particular is highly idiosyncratic 
and worth broader consideration. 
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Quantitative Phylogenetic Analyses of Lapita 
Decoration in Near and Remote Oceania

Ethan Cochrane1

Introduction

Around 3470–3240 calibrated years before the present 
(cal. BP) populations with Lapita pottery established set-
tlements in Near Oceania on Mussau and the Bismarck 
Archipelago, and then sometime between 3250–3100 cal. BP, 
in the southeast Solomons and Remote Oceania, terminat-
ing the eastward spread in Samoa by 2900–2700 cal. BP 
(Denham et al. 2012; Rieth and Hunt 2008). While Near 
Oceania had been populated prior to the advent of Lapita 
ceramics for 40,000 years or more (Summerhayes et al. 
2010), the presence of these ceramics in Remote Oceania 
marks the first human colonisation of this vast region out-
side western Micronesia (Fig. 1).

While radiocarbon analyses outline the sequential depo-
sition of Lapita ceramics and the general movement of 
human populations across Remote Oceania, other tech-
niques, used in concert with dating analyses, are required 
to explain the Lapita archaeological record in terms of 
demographic processes, cultural transmission, innova-
tion, and adaptation (to list a few possibilities) that shape 
human cultural variability. Addressing primarily cultural 
transmission and colonisation, archaeologists have used 
a variety of techniques to group Lapita ceramic assem-
blages by their shared decorative motifs and have then 
proposed mechanisms to explain between group variation 
(e.g., Clark and Murray 2006; Cochrane and Lipo 2010; 
Green 1979; Mead et al. 1973; Summerhayes 2001). Shep-
pard’s (2011) recent summary of Lapita research that draws 
upon these ceramic analyses, as well as human biology and 
linguistics, suggests variation between Lapita assemblages 
is best explained by idiosyncratic colonisation of Remote 
Oceania including population movements of both great 
and short distance.

Although possibly perceived as flogging a dead horse, this 
chapter presents quantitative analyses of decorated Lapita 
assemblages from Near and Remote Oceania that place 
assemblages into groups hypothesized to indicate vary-
ing degrees of cultural relatedness. The ultimate goal is to 

explain these groups as a result of demographic and cul-
tural transmission processes that include the generation of 
novel cultural traits and population movements. Similar 
processes have been used to explain the colonization of 
Europe by Neolithic agriculturalists and may help explain 
the Lapita colonization of Remote Oceania (e.g., Kennett 
et al. 2006; cf. Sheppard 2011). The next section summa-
rises relevant research on Lapita ceramics and provides a 
context and set of expectations for the analyses presented 
here. This background section is followed by an introduc-
tion to cladistics, a technique that arranges groups into a 
branching hierarchy of relatedness, and a brief discussion 
of Lapita motif classifications. In the results section three 
groups of assemblages are identified with spatial distri-
butions that support recent views of Lapita population 
relatedness.

The Phylogenetic Similarity of 
Lapita Ceramic Decoration

The cultural relatedness of the populations who made 
Lapita pottery have been a focus of research since Golson 
(1961) first suggested that Lapita ceramics represented a 
‘community of culture’. The cultural relatedness of popula-
tions is a product of the frequency of cultural transmission 
between them, their development from ancestral popula-
tions, and their diversification in time and space through 
adaptation and other processes. All of these possibilities 
require identifying phylogenetic similarity. Although 
phylogenetic similarity is not a term used in this research 
tradition2, it simply refers to similarity that is a product 
of inheritance, cultural inheritance in this instance. The 
analysis of phylogenetic similarity has been largely devel-
oped in biology, but such analyses are equally applicable 
to any cultural phenomena that owe some of their charac-
teristics to inheritance of information by people, including 

2  Kirch and colleagues (Kirch, 1984; Kirch and Green 1987, 2001), 
and later other scholars (e.g., Currie et al., 2010; Diamond 
1988; Gray et al. 2009; Jordan et al., 2009; Larsen 2011; Rogers 
and Ehrlich 2008; Tolstoy 2008), explicitly use phylogenetic 
concepts and methods in their work on Oceanic data sets, but, 
except for Cochrane and Lipo (2010), this has not occurred in 
studies focused on Lapita ceramic decoration.

1 Department of Anthropology, University of Auckland, 
10 Symonds Street, Auckland
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phenomena such as archaeological artefacts (e.g., Lipo et 
al. 2006), social trends (e.g., Bentley et al. 2004), ethno-
graphic material culture (e.g., Tehrani and Collard 2002), 
manuscripts (e.g., Spencer et al. 2004), and languages (e.g., 
Gray and Atkinson 2003). This brief review of research 
on Lapita ceramics is focused on efforts to identify and 
explain phylogenetic similarity.

In the 1970s, Green analysed the distribution of Lapita 
designs in assemblages across Near and Remote Oceania 
(summarised in Green [1979]). As he noted at the time, 
recent attempts at systematising the description of Lapita 
designs had produced 122 individual motifs (Green 1978: 8) 
facilitating inter-assemblage analyses, and allowed Green 
to examine hypotheses such as the direction and order of 
colonisation of Remote Oceania. For one of his analyses 
Green calculated the number of shared Lapita motifs in 
pair-wise comparisons across assemblages from Watom 
in the Bismarcks to Samoa in the east. Jaccard coefficients 
were calculated for each pair-wise comparison and all 
assemblages then sorted in a similarity matrix (data in 
Green [1978]). Green interpreted the resulting matrix or-
der to indicate ‘distance decay in the Lapita design system’ 
from west to east (Green 1979: 42) and ‘that exchange [or 
transmission] of motifs among the more westerly sites 
continued to occur, while in the eastern area Fiji, Tonga, 
and Samoa tended to remain in contact with one another 
but not with regions to the west’ (Green 1979: 43).

Green’s analyses of motif distributions supported the gen-
eral west to east direction of colonisation. He also argued 
that during colonisation of Remote Oceania, one ‘bran-

choff’ went to New Caledonia, while the other went to Fiji-
Tonga-Samoa (Green 1979: 42). Green’s (1979) chapter does 
not specify exactly from where the ‘branchoff’ occurred, 
but the 1978 working paper suggests, through the distribu-
tion of motifs and artefact provenance, Vanuatu and the 
Reef/Santa Cruz islands.

With this work in the late 1970s Green initiated the identi-
fication of geographic zones of motif similarity; such style-
zones are still identified today. Based on sorted matrices 
and examination of the motifs shared between individual 
assemblages, Green identified an eastern Lapita zone com-
prising Fiji, Tonga, and Samoa, and a western zone com-
prising Watom and the Reef/Santa Cruz sites. Site 13 in New 
Caledonia is most closely linked with the Reef/Santa Cruz 
sites, but in his preliminary working paper Green (1978: 10–
11) does not definitively place Site 13 in the western zone.

Not long after Green, Anson investigated the distribution 
of Lapita motifs in additional Bismarck archipelago assem-
blages to examine Lapita origins and movement of popu-
lations depositing this pottery in the Pacific (Anson 1983; 
Anson 1986). Anson used a different system to describe 
Lapita motifs, attempting to make more precise distinc-
tions between similar looking designs, and he produced a 
visual key for 516 motifs (Anson 1983: Table XII). He used 
this key to tabulate the frequency and presence-absence 
of motifs in 16 assemblages from 13 sites (including sev-
eral examined by Green) and then calculated assemblage 
similarities using a variety of clustering procedures. The 
relative similarities of assemblages were then displayed in 
hierarchical dendrograms (Fig. 2).

Figure 1. Map of the southwest Pacific showing Lapita sites (italics) mentioned in text.
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Anson (1986) argued that his analyses demonstrated an 
additional geographic zone of motif similarity comprising 
Ambitle, Talasea and Eloaue in the Bismarck Archipelago 
(see Fig. 2) and he called it Far Western Lapita to distin-
guish it from Green’s earlier-coined Western Lapita. He 
also suggested some particular phylogenetic relationships, 
namely that the origin of the Lapita decorative system is 
in the Bismarck Archipelago (Anson 1986: 162) and that 
Fiji was likely colonized from Vanuatu (Anson 1986: 163). 
Anson also states (1986: 164) that there is a more hetero-
geneous distribution of motifs within Remote Oceania 
than previously appreciated and that this is likely related 
to the adaptation of populations at relatively local scales, 
although it is unclear what data support these statements.

Figure 2. Dendrogram showing assemblage similarities as 
calculated by the MULTBeT program discussed by Anson 
(1986: 161, Fig. 5). The scale is not labelled in the original 
figure, but likely refers to a measure called the information 
statistic (ΔI) used in numerical taxonomy and designed to 
provide an objective cut-off point for determining groups 
in a dendrogram.

As research on Lapita continued over the next two dec-
ades additional style-zones of decorative similarity were 
identified and the implicit decorative homogeneity of the 
Far Western, Western, and Eastern Lapita zones reassessed. 
Based on his work in New Caledonia and the Loyalty Is-
lands, Sand (2001) defined a fourth zone, Southern Lapita. 
The decorated ceramics of the Southern Lapita zone are 
commonly adorned with a central band comprising a re-
peated, complex motif that is bordered on the top and bot-
tom by a series of friezes. Unlike ceramics in the Far West-
ern and Western zones, Southern Lapita ceramics rarely 
have moulded nubbins or bands. Sand has not typically 
quantified Southern Lapita decorations using the motifs 
created by others3, but has instead grouped central band 
decorations into nine types of geometric patterns, four 

3  When possible, Sand notes the equivalent Anson motif(s) for 
his central band types.

types of face patterns, and one incised type (Sand 2007a). 
Using these motif groups, Sand argued that the decorative 
similarity between New Caledonian Lapita assemblages 
and other Lapita assemblages declines with distance from 
New Caledonia (Sand 2007b: 282–283). Considering Lapita 
decoration, New Caledonia is most similar to the Reef/
Santa Cruz Islands and Vanuatu, and is quite different 
from, for example, East New Britain or Watom in particu-
lar as Sand emphasizes (Sand 2001: 282).

The explanation for the differences found in the Southern 
Lapita zone compared to other regions of Near and Re-
mote Oceania have also been discussed by Sand who iden-
tifies the relative isolation of this part of Remote Oceania 
as the root cause. After colonization of the Southern Lapita 
zone such isolation may have led to cultural conservatism, 
with potters using decorative traits from their ancestral 
traditions without the introduction of many new variants 
appearing in other geographic regions (Sand 2001: 68).

Sand’s analyses of Lapita decoration and other aspects 
of the archaeological record have also supported several 
specific phylogenetic hypotheses. In particular, Sand sug-
gests that the central Melanesian potters were a ‘nursery 
for the future Eastern Lapita complex,’ (Sand 2001: 69) and 
‘situated in the most probable homeland for most of the 
first settlers of western Fiji’ (Sand 2007a: 217). Addition-
ally, from a central Melanesian homeland the colonizers 
of Fiji would have established permanent settlements in 
the eastern and western halves of the archipelago from 
where further exploration of the region could be support-
ed (Sand 2007a: 216).

Dividing the Lapita-world into geographic regions that 
demarcate zones of cultural similarity, at least in terms 
of ceramic decoration, was challenged by Summerhayes 
(2000; 2001) who argued that ‘similarities [in Lapita deco-
ration] across space do not result just from the initial dis-
persal but from continued widespread interaction’ after 
colonization (Summerhayes 2001: 130). Summerhayes used 
Anson’s motif key to quantify the presence of motifs in 
multiple assemblages across Near and Remote Oceania. 
These presence-absence data were then examined through 
hierarchical cluster and principal components analyses 
(PCA) to place assemblages into groups. To simplify Sum-
merhayes’ results, these groups do not neatly map onto the 
Far Western, Western, and Eastern Lapita zones. For ex-
ample, Summerhayes’ dendrogram grouping of Lapita as-
semblages (Fig. 3) indicates that sites in Fiji and New Cal-
edonia are more similar to sites in West New Britain and 
Watom, than to the Vanuatu and the Reef/Santa Cruz sites 
(cf. Summerhayes 2010: 29–30). One might expect greater 
similarity between Vanuatu and Reef/Santa Cruz sites and 
New Caledonia and Fiji if the distribution of Lapita motifs 
maps a simple west to east colonization route and set of 
ancestor-descendant relationships.

A new way to examine motif distributions was adopted by 
Clark and Murray (2006). They built upon Green’s idea of 
west-to-east clinal similarity of Lapita assemblages to ex-
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amine the cultural relatedness of the Lapita colonizers of 
Fiji and Tonga. Clark and Murray generated rank-orders of 
Lapita motifs in western Fijian, eastern Fijian, and Tongan 
assemblages. They interpreted these rank orders using the 
concept of unbiased transmission (Boyd and Richerson 
1985) which predicts that within a well-mixed population 
the frequency of a variant in a transmission generation is 
a function of both its frequency in the previous generation 
and sampling error (see e.g., Bentley and Shennan 2003).

Many of the highest ranked motifs in East Fiji are also 
amongst the highest ranked motifs in Tonga and West 
Fiji. Clark and Murray (2006: 113) argue these ‘rankings 
suggest that decay [of Lapita motifs] follows an unbiased 
transmission route, and over time, the design pool con-
tains an increasing proportion of older high-frequency 
designs’. These data suggest to Clark and Murray that east 
Fiji was colonised from both west Fiji and Tonga and that 
there was little post-colonization transmission of motifs 
between these areas.

In Tonga, Burley and Dickinson (2010) have undertaken 
ceramic petrographic and geochemical analyses, along 
with general motif comparisons, to establish that the 
founding population of Nukuleka may have come from 
west of Fiji, possibly the Bismarck Archipelago. Burley and 
colleagues have also examined the distribution of Tongan 
Lapita motifs first identified by Poulsen (1987) to argue 
that later, post-colonization, Lapita ceramics indicate clos-
er cultural affinities between Tonga, east Fiji, and Samoa, 
than between Tonga and west Fiji (Burley et al. 2002).

This selective review of Lapita research has focused on 
analyses of Lapita decoration that make phylogenetic 
claims, whether explicit or not4. In general this research 

4 The work of Chiu (2003, 2005, 2007) and Noury (2005) has not 
been examined in this review as both of these authors focus on 
the emic meanings of Lapita designs and not phylogenies.

reveals that a simple west to east colonization route fol-
lowed by little inter-regional transmission is not a precise 
description of Lapita population relatedness in Remote 
Oceania. Summerhayes argues for some amount of post-
colonization transmission of ideas about motifs between 
all Lapita regions, while Burley has uncovered a likely di-
rect ancestor-descendant relationship between western 
populations and the founding settlement at Nukuleka. 
Within Lapita zones, Sand has argued that the relative iso-
lation of New Caledonia and the Loyalty Islands led to 
the distinctive decorations there. Both Clark and Murray, 
and Burley and his colleagues have slightly different ex-
planations for the motif distributions within the Eastern 
Lapita zone. Clark and Murray argue that eastern Fiji was 
colonized from both western Fiji and Tonga and that there 
was little post-colonization transmission of motifs, while 
Burley sees post-colonization cultural similarities between 
Tonga, east Fiji, and Sāmoa that are likely a result of cul-
tural transmission (cf. Burley et al. 2011).

New Phylogenetic Analyses 
of Lapita Decoration

Phylogenetic similarity is similarity that is a product of 
transmission, whether it is biological transmission and the 
phenotypic similarities exhibited by animals in the class 
Mammalia or cultural transmission and the similarities 
exhibited by fishhook heads across Polynesia (Allen 1996). 
To investigate phylogenetic similarity in the cultural realm 
valid techniques should be used to group phenomena, 
and, perhaps more so than in biology, particular attention 
should be paid to how phenomena are described. The next 
two sections review cladistics, a phylogenetic technique 
for grouping phenomena, and the description of Lapita 
decoration for cladistic analysis.

Cladistic Techniques

There are multiple phylogenetic techniques for arranging 
entities or taxa, to use the jargon of phylogenetic analysis. 
Cladistics is used here, although Bayesian phylogenet-
ics, phylogenetic networks, and archaeological seriation 
are other options. Cladistics is a technique for arranging 
taxa in hierarchical sets determined by the distribution of 
traits across taxa. The traits that describe a taxon, such as 
length or colour, are termed characters in cladistics and 
the particular values of characters, such as 5 cm and blue, 
are character states. In this analysis, the taxa are ceramic 
assemblages and the characters describing them are par-
ticular Lapita motifs with either presence or absence as the 
character state. A common output of cladistic analysis, a 
branching tree, looks similar to the outputs of numerical 
taxonomy techniques such as hierarchical cluster analysis. 
Cladistics, however, is distinguished from these other tech-
niques by the recognition of two kinds of character states, 
whereas numerical taxonomy typically considers all char-
acter states equally (when unweighted). In cladistics the 
two kinds of character states are ancestral and derived. De-
rived character states are those that two or more taxa share 
with their immediate common ancestor, but not with the 

Figure 3. Dendrogram of site similarity based on Lapita 
motifs. Reproduced from Summerhayes with his groups 1–3ii 
indicated (2001:Figure 5)
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preceding ancestor. Ancestral character states are shared 
by two or more taxa, their immediate common ancestor, 
and the preceding common ancestor. Cladistic techniques 
find groups of taxa defined by shared derived character 
states. These groups, or clades, should more accurately de-
pict phylogenetic relationships than numerical taxonomy 
techniques based on phenetic similarity without distin-
guishing between ancestral and derived character states 
(O’Brien et al. 2001). A clade, a group of related taxa, is 
also called a monophyletic unit, a concept used by Kirch 
and Green to describe the cultures of Polynesia and their 
postulated ancestral culture, Ancestral Polynesian Society 
(Kirch and Green 2001).

Cladistic techniques seek to generate an optimal arrange-
ment of taxa based on the distribution of shared derived 
character states and there are several different optimality 
algorithms depending on the criteria chosen. Here, parsi-
mony is the optimality criterion used and parsimony tech-
niques attempt to group taxa in a series of bifurcating hi-
erarchical relationships such that the number of character 
state changes in a tree required to account for all the taxa 
is minimized (i.e., most parsimonious). Figure 4 depicts 
two cladistic trees to illustrate this point. The total number 
of character state changes in the top tree is five, also giving 
the length of the tree in cladistic terminology: one char-
acter state change for the ancestor of Taxa 2–4, one for the 
ancestor of Taxa 3 and 4, and three character state changes 
that occur only in Taxon 4. We can create an alternative ar-
rangement by switching the positions of Taxa 2 and 3. This 
tree, however, contains six character state changes. Thus 
the top tree is considered the better hypothesis of phylo-
genetic relationships using a parsimony criterion.

The cladistic tree in Figure 4 is a simplified example that 
we would rarely find in an analysis of real data. In this 
tree only one character reverts to an ancestral state, the 
switch from B’ back to B in Taxon 2 of the bottom tree. 
Additionally, similar character state changes do not occur 
across separate branches of the tree. With real data, how-
ever, these events often transpire. In the cultural realm we 
might expect character states to sometimes revert to an-
cestral states, akin to a process of reinvention, and similar 
sequences of character state change may occur in different 
cultural lineages or traditions. It is possible that the similar 
changes in vessel form diversity in, say, the Bismarcks and 
Fiji are an example of similar character state changes in 
different cultural lineages. Given these possibilities it is 
often difficult for cladistic techniques to produce a single 
best tree consisting only of bifurcating splits. If cladistic 
results include multiple equally ‘best’ trees, multiple trees 
of the same length, they may be combined into a single 
consensus tree that depicts only the same bifurcating splits 
present in each equally best tree. Where there are contra-
dicting taxa relationships across trees of the same length, 
a consensus tree may be generated that depicts these rela-
tionships as unresolved.

Another way to pinpoint the best cladistic tree is to make 
assumptions about character state change. Implementing 

models of character state change, for example deciding 
that change in certain characters is more likely than oth-
ers, or that some characters are more likely to undergo re-
versals than others may remove from consideration some 
trees that are otherwise in a group of equal length trees. 
However, this approach forces us to make additional as-
sumptions about character state change for which there 
may be no logical basis. Models of character state change 
are not inherently bad, but they do require another set of 
assumptions to be justified.

Cladistics software takes care of the computational work 
of creating parsimonious trees given a dataset and there 
are several algorithms that can be followed to create trees. 
Prior to the computational work, however, researchers 
must construct a classification that describes taxa by ho-
mologous character states (Scotland 1992) and determine 
for the taxa under consideration which character states 
are ancestral and which are derived. This is referred to 
as determining character polarity and is accomplished 
through the choice of an outgroup (O’Brien et al. 2002). 

Figure 4. Two phylogenetic trees of Taxa 1–4 described by 
non-prime (ancestral) and prime (derived) character states. 
The top tree is the more parsimonious arrangement as only 
five character state changes are required as depicted by 
the black rectangles. On the bottom tree six character state 
changes are required including the reversal from B’ back 
to the ancestral state B in Taxon 2 denoted by the open 
rectangle.
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An outgroup is a taxon related to the taxa in a cladistic 
tree. The particular configuration of character states in 
the outgroup should have come together as a set prior to 
the character states in any of the taxa in the cladistic tree. 
Thus an outgroup determines which character states are 
ancestral and which are derived. As different outgroups 
may produce different cladistic trees given the same set of 
taxa, the choice of outgroup can influence cladistic results. 
There are different methods for determining an outgroup 
(Kitching 1992), but in general one should choose an out-
group taxon that is close enough to the taxa being ordered 
to serve as an informative guide to characters’ ancestral 
and derived status.

Finally, what is exactly represented by a cladistic tree is 
not necessarily clear at first glance. Cladistic trees create 
groups of sister-taxa related through a common ancestor.  
The notion that nodes (branching points) in the tree rep-
resent common ancestors is, however, problematic in the 
analysis of both biological (Ridley 1986: 138–149) and cul-
tural (O’Brien and Lyman 2003: 81–83) change. Examine, 
for example, the top tree in Figure 4 where Taxa 2–4 are 
related through a common ancestor. If these taxa – con-
sider them assemblages – had appropriate dates of origin 
and termination of deposition we could say that Taxon 2 
was possibly the ancestor of Taxa 3 and 4. Cladistic trees 
do not, however, distinguish between sister-taxa and an-
cestor-descendent taxa.

The solution to this problem is to consider the nodes of a 
tree to represent hypothetical ancestors or, more appro-
priately, as collections of ancestral character states from 
which later sets of character states emerged. Thus Taxon 2 
might be the ancestor of Taxa 3 and 4, but it also might be 
another descendant from the pool of ancestral character 
states represented by the node that joins these three taxa. 
One ramification of this position is that cladistic trees do 
not track the phylogenetic relationships of taxa per se, 
but rather they track the changing configurations of sets 
of character states. Only some of these sets of character 
states are represented by the terminal taxa of cladistic 
trees (Ridley 1986: 138–149). This position on ancestors 
also challenges arguments such as Moore’s (1994: 928) that 
anthropological cladistic analyses intend to reconstruct 
‘real antecedent populations [at the nodes of a cladogram], 
not representations created only for comparative purposes.’

Phylogenetic trees are not explanations regarding the 
transmission relationships among a set of taxa. A phylo-
genetic tree is one hypothesis of these relationships. Dif-
ferent phylogenetic trees can be generated from the same 
set of taxa and each of these hypotheses can be evaluated 
by means internal to the cladistic technique (e.g., tree sta-
tistics, bootstrapping) and through external data such as 
the chronological and spatial relationships of taxa. And 
while cladistic techniques attempt to arrange taxa into a 
series of bifurcating sets, cladogenesis or branching evo-
lution, is not the only process that may explain a cladistic 
arrangement of taxa. Transmission within a single cultural 
lineage, akin to anagenesis, or the combination of different 

lineages, as with hybridization, can also explain cladistic 
trees of perfectly bifurcating taxa (Skala and Zrzavy 1994). 
The most useful way to approach a cladistic tree of cultural 
phenomena is to consider the arrangement a hypothesis 
about evolutionary or transmission-generated relatedness 
of the human populations that produced the artefacts and 
that this relatedness may be explained by several possible 
processes (see Cochrane 2008: 140).

Motif Data for Cladistic Analysis

In subsequent sections I use the motif key produced 
by Anson (1983) to analyse phylogenetic relationships 
of Lapita assemblages from Near and Remote Oceania. 
Anson’s key contains the largest number of individually 
coded units readily available to researchers and therefore 
likely captures the greatest amount of decorative varia-
tion. Anson’s motifs include the Mead motifs and their 
variants (alloforms), motifs Anson identified on assem-
blages in the Bismarck Islands and Vanuatu, and motifs he 
identified from published sherd pictures. Anson sought to 
identify motifs with greater precision than Mead or other 
researchers, so for two designs to be considered the same 
motif their resemblance had to be ‘overwhelming’ (Anson 
1983: 59). Of course, there are other systems for describ-
ing Lapita motifs including those of Chiu (Chiu and Sand 
2005) and Noury (2005), but Anson’s is the most widely 
used and available. Use of any of the current motif de-
scriptive systems involves trade-offs in terms of coverage, 
precision and the ease of identifying designs as members 
of a particular motif.

Anson’s motif key was used to code the presences and ab-
sences of 516 motifs in 18 Lapita ceramic assemblages (see 
Appendix A and Fig. 1). Notes on coding each assemblage 
are given below Table A1. In general, for assemblages ex-
amined by Anson, his codings were used. For assemblages 
not examined by Anson, original authors’ codings were 
used. In some cases, photographs of decorated sherds were 
examined and coded. While these data are likely more rep-
resentative of Lapita deposits than those used in previous 
phylogenetic analyses (Cochrane and Lipo 2010), there is 
still some way to go before an adequate Lapita decorative 
dataset is generated for this type of research. The dataset 
used here may not adequately describe Lapita assemblages 
from the site of Lapita (WKO01) in New Caledonia, Malo 
Island in Vanuatu, or Nukuleka in Tonga. The inclusion 
of additional assemblages is limited by the preliminary 
nature of many published motif lists (e.g., Bourewa, Fiji, 
see Nunn et al. 2004) and the goal of relatively even geo-
graphic coverage for cladistic analysis.

Results

Two cladistic analyses were conducted, each using three 
programmes, PAUP*4.0 (Swofford 2001), SplitsTree4 (Hu-
son and Bryant 2006), and Dendroscope 3 (Huson et al. 
2007).The programmes all produced identical results im-
plementing a parsimony criterion with all character state 
transformations equally likely. For the first analysis, the 
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cladistic tree in Figure 5 is the single most parsimonious 
tree from an exhaustive search of all possible trees (branch 
and bound command implemented in PAUP*4.0).

The tree (Fig. 5) is rooted by the FOH assemblage, the out-
group that determines the ancestral and derived nature 
of character states throughout the tree. This assemblage 
was chosen based on its relatively early chronology (Den-
ham et al. 2012; Specht and Gosden 1997) and location in 
the Bismarck Archipelago. Choosing FOH as the outgroup 
indicates that the other assemblages in the tree are de-
scribed by character states that are derived relative to FOH. 
However, using either the FOJ or EAQ assemblages as the 
outgroup results in the same arrangement of assemblages 
and suggests that any of these outgroups accurately estab-
lishes the ancestral and derived nature of character states 
in the tree. Future analyses incorporating more Lapita as-
semblages from the Bismarcks (e.g., Specht and Attenbrow 
2007) may help refine the choice of outgroup.

There are several methods for evaluating the results of 
standard cladistic analyses, although there are no uni-
versally accepted and objective means for rejecting one 
particular tree in favour of another. Two measures of the 
goodness of fit between character state data and the re-
sulting trees are the Retention Index (RI) and bootstrap 
values. The RI is calculated by counting the number of 
times a character changes state on a tree (such as the two 

changes in the B character on the bottom tree of Figure 
4) and dividing this by the greatest number of times the 
character could change given a taxa arrangement that 
maximized this. This calculation is done for all characters. 
An RI of one indicates that each character state appears 
on only one branch of a tree and as the RI approaches 
zero there are more instances of similar character states 
across different branches of a tree, a situation that makes 
it is increasingly difficult to construct a tree of bifurcating 
taxa relationships.

Bootstrap values are computed by first creating a number 
of pseudo-data matrices (e.g., 1000 or 10,000) through 
randomly resampling the original data matrix with re-
placement. This creates a large sample of pseudo-data 
matrices that randomly decreases the importance of some 
characters and increases the importance of others. Cladis-
tic analyses are run on the pseudo-matrices and the results 
compared to the cladistic tree produced from the original 
data. The frequency with which tree branches from the 
original analysis appear in the pseudo-data matrix analy-
ses are considered the bootstrap values and can be treated 
as a measure of confidence in that particular tree branch. 
If a particular tree branch from the original data appears at 
a high frequency in the pseudo-data matrix analyses, then 
we can be confident that even with random data ‘massag-
ing’, the original branches are robust.

Figure 5. Cladistic tree of single most parsimonious arrangement of Lapita sites (length=719, CI=0.57, RI=0.35) across Near 
and Remote Oceania using the Anson motif key. Raw bootstrap values over 50% shown. Brackets at right indicate three 
major branches in the tree.
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The RI for the cladistic tree in Figure 5 is 0.35 and within 
the range of RIs reported for cladistic analyses of biologi-
cal taxa relatedness measured by mtDNA where dichoto-
mous branching might be expected (Collard et al. 2006), 
but this value is at the low end. The bootstrap analysis 
indicates that of three major branches identified in the 
tree (indicated by black bars in Figure 5), only the SAD-
New Caledonia branch is supported by a bootstrap value 
greater than 50%. These RI and bootstrap values indicate 
that the dichotomous branches separating assemblages are 
not necessarily an accurate depiction of cultural transmis-
sion relationships among the populations that deposited 
the ceramics. To be sure, some of the patterning in this 
tree is likely an accurate representation of branching cul-
tural relationships, but some also likely represents cultural 
transmission influenced by geography. The map in Figure 
6 presents the spatial distribution of three branches hy-
pothesized to result from these processes.

A second cladistic analysis was conducted on the same as-
semblages, but described by a modified Anson motif key. 
One of the problematic characteristics of current Lapita 
decorative description systems is that it is not easy to sys-
tematically and globally change the precision of motifs 
to a more inclusive or more exclusive level to examine 
how variation in classificatory level affects the scale of 
results. As Anson arranges the motifs in his appendix by 
general similarity, it was a fairly simple task to go through 
the motif list and make larger groups of similar looking 
motifs. Sand (2007b) has done something similar with his 
categories of central band motifs (e.g., the labyrinth cat-

egory). The process used here lacked any explicit criteria 
for grouping motifs into larger units, but is perhaps a first 
step in recognizing dimensions of variation that will be 
useful in building future problem-oriented classifications 
of Lapita motifs. The 516 Anson motifs were collapsed into 
44 motif groups and their presence-absence tabulated for 
the 18 assemblages (Table A2).

The same phylogenetic analyses were conducted on the 
collapsed motif data and 12 equally parsimonious trees 
were generated. These were combined in a single consen-
sus tree that displays the branches that occur in at least 
half of the 12 trees (called a 50% majority-rule consensus 
tree). Unlike the first analysis each reasonable outgroup for 
the consensus tree produces a slightly different arrange-
ment of assemblages (Fig. 7). Common to the three rooted 
consensus trees are (1) a branch consisting of Lolokoka, 
Mulifanua, the western Fijian sites, and the eastern Fijian 
site of Wakea, with Malo sharing a common ancestor with 
this group in two of the three trees; (2) a branch consist-
ing of SE-SZ-8 with DJQ, DAF, and EAQ (when not the 
outgroup); and (3) a branch consisting of WKO013, Iles 
des Pines, SAD, and FOJ (when not the outgroup). Naigani 
and Nukuleka appear in unresolved relationships with 
either the assemblages from the Melanesian Crescent, or 
with assemblages of Fiji, West Polynesia, and FOH. The RI 
of the consensus trees is 0.5, a value indicating a better 
fit between the collapsed motif data and a dichotomous 
branching arrangement than in the first analysis. However, 
bootstrap values for the consensus trees are quite low.

Figure 6. Map of the Lapita assemblages included in the cladistic analysis. The spatial distributions of assemblages in the 
three tree branches are highlighted
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Discussion and Conclusions

The two cladistic analyses of Lapita motifs display patterns 
of assemblage similarities that might be expected in light 
of previous analyses, but also new arrangements of assem-
blages that likely reflect more accurate definition of assem-
blage similarities produced through cultural transmission. 
Determining which branches in a tree are substantively 
important is somewhat arbitrary. That said, the single tree 
generated from the Anson motif key places assemblages 
into three branches that reveal groups of assemblages 
brought together by particular colonization processes 

and geographically structured cultural transmission. The 
consensus tree produced from the modified Anson motif 
key reinforces the first tree and suggests new large-scale 
patterns of motif similarity compared to previously de-
fined style zones.

Three major groups or clades are identified in the cladistic 
tree produced from the Anson motif key, but bootstrap 
values do not show particularly strong support for them 
(see Fig. 5). This may indicate a high degree of transmis-
sion within local geographic areas immediately after 
colonization (see e.g., Cochrane and Lipo 2010; Nunn et 

Figure 7. Three views of a consensus cladistic tree of twelve most parsimonious arrangements of Lapita sites described by 
collapsed Anson classification (length=98, RI=0.5). Raw bootstrap values over 50% shown. The bottom assemblage in each 
tree is the outgroup and slightly changes the arrangement of assemblages.
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al. 2010) or a motif descriptive system that does not ad-
equately track phylogenetic variation. Nevertheless, the 
tree does present new hypotheses about Lapita popula-
tion relationships. While the Buka assemblages DAF and 
DJQ are grouped with SE-SZ-8 (and with a high bootstrap 
value), the New Caledonian sites are grouped with SAD 
from Watom Island. This contradicts Sand’s position that 
New Caledonian assemblages are most closely related 
to those from the Reef/Santa Cruz Islands and Vanuatu 
(Sand 2001: 282; Sand 2007b: 282–283). From the cladistic 
analysis, the New Caledonian assemblages are equally re-
lated to assemblages from Buka to West Polynesia (i.e., the 
other two branches in the cladistic tree) and this relation-
ship is modestly supported by a bootstrap value of 58% (cf. 
Summerhayes 2001).

The clade containing western and central Fijian assemblag-
es, assemblages from Vanuatu and the Reef/Santa Cruz 
Islands, and those from Buka suggests a band of related 
populations from Buka, through Vanuatu, and out to Fiji. 
This may map one corridor of colonization from Near to 
Remote Oceania (cf. Sand 2001: 69; Sand 2007a: 216–217). 
A complementary hypothesis is that this clade identifies 
the relatively greater intensity of cultural transmission be-
tween Fiji (western and central) and Melanesia to the west 
rather than Polynesia to the east. 

The third clade tentatively identified includes assemblag-
es from west Polynesia and eastern Fiji. This is expected 
given much previous research linking assemblages from 
these areas (e.g., Best 1984; Burley et al. 2002). These as-
semblages are more similar to each other than they are to 
any other assemblages in Remote Oceania and lends tenta-
tive support to the arguments by Burley and his colleagues 
that the early Nukuleka Lapita assemblage was produced 
by populations in Near Oceania (Burley and Dickinson 
2001; Burley and Dickinson 2010).

The transmission relationships hypothesized to account 
for the structure of the cladistic tree and the geographic 
position of assemblages do not strongly support a west to 
east wave-of-advance model of Lapita colonization. The 
geographic distribution of assemblages in the first cladistic 
analysis (see Figs. 5 and 6) suggest Leap Frog (Sheppard 
2011) or Levy Flight (Lilley 2008) models are more likely 
hypotheses to account for the relatedness of Lapita popu-
lations. A wave-of-advance model would be more strongly 
supported if the order of branching in the cladistic tree 
(see Fig. 5) was more closely correlated with voyaging dis-
tance from Near Oceania.

The second analysis produced consensus trees from a 
modified Anson motif key that groups Lapita decoration 
into more inclusive units. The three different arrangements 
produced by the three outgroups in the consensus trees 
(see Fig. 7) are unable to determine if either the Nukuleka 
or Nagiani assemblage should be first in a bifurcating se-
quence with other assemblages including either the Near 
Oceanic, New Caledonian, and Vanuatu-Reef/Santa Cruz 
assemblages (in one tree), or Vanuatu, Fiji-West Polynesia, 

and FOH (in two trees). What is interesting here is that 
the proposed direct origin in Near Oceania of the early 
Nukuleka Lapita assemblage (Burley and Dickinson 2001; 
Burley and Dickinson 2010) may also apply to Naigani (cf., 
Irwin et al. 2011). The Naigani assemblage may represent 
an immediate cultural relationship with Near Oceania, un-
mediated by Reef/Santa Cruz or Vanuatu populations (cf., 
Clark and Anderson 2009: 422).

While the assemblage descriptions used here are largely 
more representative of Lapita decorative diversity than 
those used in an earlier phylogenetic analysis of Lapita 
ceramics (Cochrane and Lipo 2010), they can still be im-
proved. Future analyses must await more complete publi-
cation of Lapita decorative diversity by scholars working 
in this area. In a similar vein, problem-oriented classifica-
tions of Lapita decoration will be a welcome step forward, 
preferably using classes where the precision of units can 
be equally changed across the classification. With such 
a classification scale-dependent processes that explain 
Lapita variation may be investigated (e.g., Lipo et al. 1997). 
The dimensions of variability upon which a classification 
could be based may be extracted from the grouped motifs 
that form the units in the modified Anson classification 
(i.e., the rows in Table A2).

Future quantitative evolutionary analyses of Lapita deco-
ration also await better dated assemblages using identi-
fied charcoal from short-lived species, shell from samples 
with known marine reservoir corrections, or most usefully, 
methods of direct-dating such as rehydroxylation or lumi-
nescence. While the results presented here are provisional, 
with more definitive analysis awaiting a comprehensive 
Lapita decorative data set, the patterns of similarity identi-
fied are a mixture of cultural transmission over time and 
across space during a relatively short cultural horizon.
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APPENDIX A

Table A1. Presence-absence data matrix for Lapita motifs at selected archaeological sites or areas.

Anson

Motif

Site/Area*
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1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 0

2 1 0 1 1 1 1 0 0 1 1 1 0 0 1 0 0 0 0

3 1 1 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0

5 0 0 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0

6 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

10 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0

11 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0

12 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0

13 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

14 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

15 0 0 1 0 0 0 1 1 0 0 1 0 0 0 1 1 0 1

16 0 0 1 0 0 0 1 1 0 0 0 1 0 0 1 1 0 0

17 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

18 0 0 0 0 1 1 0 0 1 1 1 0 0 0 0 1 1 0

19 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0

20 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0

21 0 0 0 0 0 1 1 0 0 0 1 0 1 1 0 0 0 0

22 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

23 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

24 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

25 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

30 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

31 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0

32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

33 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

34 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

35 1 0 1 1 0 0 1 0 0 0 1 0 1 1 1 1 1 0

36 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

37 1 1 1 0 1 1 1 0 1 1 1 1 1 0 0 1 0 0

38 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

39 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0

40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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41 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

43 0 0 0 0 0 1 0 0 0 1 1 0 0 1 0 0 1 0

44 0 0 1 1 1 0 0 0 0 1 0 0 0 1 0 0 0 0

45 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0

46 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

47 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

50 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

51 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

52 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

53 0 1 0 0 0 1 1 0 1 1 1 1 1 1 0 0 1 0

54 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0

55 0 0 1 0 0 1 1 0 1 1 0 0 1 0 0 0 0 0

56 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

57 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

58 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

59 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

61 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

63 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

64 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

65 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

66 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

67 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

68 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 1 0 0

69 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0

70 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0

71 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

72 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0

73 0 0 1 1 0 0 0 0 1 1 1 0 0 0 0 0 0 0

74 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

75 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0

76 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

77 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

79 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

81 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

82 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

83 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

84 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

85 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
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86 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

87 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0

88 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0

89 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0

90 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0

91 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

92 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

93 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0

94 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

95 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

96 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

97 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

98 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0

99 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

101 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

102 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

103 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

104 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

105 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

106 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0

107 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0

108 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

109 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

110 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

111 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0

112 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0

113 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

114 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

115 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

116 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

117 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

118 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

119 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

120 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

121 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

122 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

123 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0

124 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

125 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0

126 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

127 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

128 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

129 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

130 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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131 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0

132 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0

133 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0

134 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

135 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

136 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0

137 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

138 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

139 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

140 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

141 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

142 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

143 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1

144 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

145 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

146 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

147 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

148 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

149 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

150 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

151 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

152 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

153 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

154 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0

155 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0

156 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0

157 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

158 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

159 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0

160 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0

161 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0

162 0 0 0 1 1 1 0 1 0 1 0 0 0 0 1 1 1 0

163 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0

164 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

165 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0

166 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

167 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

168 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

169 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

170 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

171 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1

172 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

173 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0

174 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

175 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0
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176 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

177 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

178 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

179 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0

180 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

181 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

182 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

183 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

184 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

185 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 1 0 1

186 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

187 0 0 1 1 0 0 1 0 0 1 1 0 0 0 0 1 1 0

188 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0

189 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

190 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0

191 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

192 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0

193 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

194 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

195 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

196 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0

197 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0

198 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

199 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

200 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0

201 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

202 0 0 0 0 0 1 0 0 1 1 1 1 0 0 0 1 0 0

203 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

204 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

205 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

206 1 1 1 1 0 1 0 0 0 1 0 1 0 0 0 0 0 0

207 0 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 0

208 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0

209 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

210 0 0 0 0 1 0 0 0 1 0 0 1 0 0 1 0 0 0

211 0 0 0 0 1 1 0 0 1 0 1 1 0 0 0 0 0 0

212 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

213 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 1 0

214 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0

215 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0

216 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

217 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0

218 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

219 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0

220 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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221 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

222 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

223 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

224 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

225 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

226 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

227 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

228 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

229 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

230 0 0 0 0 1 0 1 0 0 1 1 0 1 0 0 0 1 0

231 0 0 0 1 1 0 1 0 0 1 1 1 1 1 0 0 0 0

232 1 0 1 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0

233 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0

234 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

235 1 1 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0

236 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0

237 1 1 0 0 1 0 0 1 0 0 0 0 0 0 1 1 0 0

238 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

239 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0

240 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

241 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

242 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

243 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

244 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

245 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

246 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

247 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

248 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

249 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

250 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0

251 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

252 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

253 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0

254 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 1 0

255 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

256 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

257 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

258 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0

259 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0

260 0 0 0 0 1 1 0 0 0 1 1 0 0 0 0 0 1 0

261 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0

262 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

263 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

264 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

265 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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266 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0

267 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 1 0 0

268 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 0

269 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 1 0 0

270 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0

271 1 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0

272 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

273 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0

274 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

275 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

276 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0

277 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

278 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

279 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

280 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

281 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

282 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 0 0

283 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

284 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

285 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

286 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

287 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

288 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0

289 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 1 0 1

290 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

291 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

292 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

293 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

294 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

295 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

296 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

297 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

298 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

299 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

300 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

301 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0

302 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0

303 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0

304 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0

305 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0

306 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

307 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

308 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

309 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

310 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
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311 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0

312 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

313 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0

314 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

315 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0

316 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

317 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

318 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

319 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0

320 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0

321 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

322 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0

323 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0

324 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

325 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

326 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0

327 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

328 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

329 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

330 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

331 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

332 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

333 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

334 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

335 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

336 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

337 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

338 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

339 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

340 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

341 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

342 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

343 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

344 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

345 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0

346 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0

347 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

348 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0

349 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

350 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0

351 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

352 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

353 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0

354 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

355 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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356 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

357 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

358 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

359 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

360 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

361 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

362 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

363 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0

364 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0

365 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

366 1 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0

367 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0

368 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

369 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

370 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

371 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

372 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

373 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

374 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0

375 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

376 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

377 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0

378 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0

379 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

380 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

381 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0

382 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

383 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

384 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

385 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

386 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

387 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0

388 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

389 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1

390 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0

391 1 0 0 0 1 0 0 1 0 1 0 0 0 0 1 1 0 0

392 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

393 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

394 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

395 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

396 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

397 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

398 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

399 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0

400 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
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401 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1

402 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0

403 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

404 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

405 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

406 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

407 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

408 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0

409 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0

410 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

411 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

412 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

413 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

414 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

415 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

416 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0

417 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0

418 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

419 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

420 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

421 1 0 1 1 0 1 1 1 1 1 1 1 0 1 0 1 0 1

422 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

423 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

424 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

425 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

426 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

427 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

428 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

429 0 0 0 0 1 0 0 0 1 0 1 1 0 0 0 1 1 0

430 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

431 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

432 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

433 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

434 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

435 0 1 1 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0

436 1 0 1 1 1 0 1 1 0 0 0 0 0 1 1 1 1 1

437 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

438 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0

439 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0

440 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

441 1 1 1 1 0 0 0 1 1 1 1 1 0 0 1 1 1 0

442 1 0 0 0 0 1 0 0 0 0 1 1 0 0 1 0 0 0

443 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0

444 1 0 1 1 1 0 1 0 0 1 1 0 1 1 1 0 0 1

445 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0
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446 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0

447 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0

448 1 1 1 1 1 0 0 1 0 1 1 1 0 1 1 0 0 0

449 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

450 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

451 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

452 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

453 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

454 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

455 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

456 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

457 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

458 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

459 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0

460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

461 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

462 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

463 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0

464 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0

465 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

466 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

467 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

468 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

469 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

470 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

471 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0

472 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

473 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

474 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

475 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

476 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

477 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

478 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

479 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

480 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

481 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

482 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

483 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

484 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

485 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

486 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0

487 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

488 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

489 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

490 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0



40

Cochrane - Quantitative Phylogenetic Analyses of Lapita Decoration in Near and Remote Oceania

Anson

Motif

Site/Area*

FO
H

FO
J

D
JQ

D
A

F

N
ai

ga
ni

EA
Q

Ya
nu

ca

M
ul

ifa
nu

a

SA
D

SE
-S

Z-
8

W
KO

01
3

Ile
s 

de
s 

Pi
ns

N
at

un
uk

u

M
al

o

W
ak

ea

N
uk

ul
ek

a

N
ai

ta
ba

le

Lo
lo

ko
ka

491 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0

492 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

493 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

494 1 0 0 0 1 0 0 1 0 0 1 1 0 0 0 0 0 1

495 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0

496 1 1 1 0 1 0 1 1 0 0 1 1 0 1 1 1 0 1

497 1 0 1 1 1 0 0 1 1 1 1 1 0 0 1 1 0 0

498 0 0 0 0 1 0 0 0 0 0 1 1 0 1 0 0 0 0

499 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

500 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

501 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

502 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

503 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

504 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

505 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

506 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

507 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

508 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

509 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

510 0 0 0 0 1 0 1 0 0 0 0 0 1 1 0 1 0 0

511 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

512 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

513 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

514 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

515 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

516 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0

*Site/Area Notes:

•	 FOH: Data from Summerhayes (2000: 21–23, Table 10.5), Squares D, E, F (units A–E) and G1/G2 (Layers 3 and 4).  It 
appears that stratigraphic units A–E and Layers 3 and 4 are roughly equivalent with both Unit A and Layer 4 being 
the oldest (i.e., deepest) of the Lapita deposits.

•	 FOJ: Data from Summerhayes (2000: 23–24, Table 10.5), Squares O1–O4, Units A–D. Unit D is the basal sand layer with 
Lapita ceramics. These continue in Units C through A.

•	DJQ and DAF: Data from Wickler (2001: 26–28, Tables 3.6, 3.7, 5.4), surface collections. The new Buka motifs identified 
by Wickler were translated into Anson motifs based on Wickler’s translation of the Buka motifs to the Mead-Donovan 
system (Wickler 2001:Table 5.5), or my estimation of their Anson equivalent, or both, such that: Buka (B) 1 = Anson 
(A) 2, B2 and B6 = A3, B3 = A11, B4 = A232, B5 = A231, B7 = A1 and A444, B8 = A491 and A496, B9 = A142, B10 = A441. B11 
was not translated into the Anson system as it appears to bear no resemblance to any other motif and is not included 
in the analysis.

•	Naigani: Data from Kay (1984), squares 1–15, layer B and C (undisturbed occupation layers). Motifs drawn by Kay 
(1984) were translated into Anson motifs through visual comparison.

•	 EAQ: Data from Anson (1983: 28–29, Table XII), combines two collections from the site, but proveniences are not clearly 
stated.

•	Yanuca: Data from Mead et al. (1973: 76–86, Figs 2.14–2.60, Figs. 3.1–3.21) were translated into Anson motifs.  Anson’s 
data for these motifs (1983: Table XII) contained some errors. Precise provenience data for the Yanuca sherds analysed 
by Mead et al. is not given.

•	Mulifanua: Data from Petchey (1995: Table 3.5) were translated into Anson motifs.  Five additional motifs from Petch-
ey’s unpublished Master’s Thesis notebooks (which Fiona very generously supplied to me) were translated into Anson 
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motifs 174, 282, 289, 441, and 494.
•	 SAD: Data from Anson (1983: Table XII) for Watom Site 6 with no precise provenience information available.
•	 SE-SZ-8: Data from Anson (1983: Table XII) with no precise provenience information available.
•	WKO013: Data from Anson (1983: Table XII) with no precise provenience information available. Data from Chiu 

(2003) not used as only the ten highest frequency motifs are given.
•	 Iles des Pins: Data from Anson (1983: Table XII) with no precise provenience information available.
•	Natunuku: Data from Mead et al. (1973: Figs 2.14–2.60, Figs. 3.1–3.21, Table 17) were translated into Anson motifs. 

Precise provenience data for the Natunuku sherds analysed by Mead et al. is not given.
•	Malo: Data from Anson (1983: Table XII) with no precise provenience information available.
•	Wakea: Data from Best (1984: A20–A21) were translated into Anson motifs. Sherds analysed from Squares 7, 8, 9, Lay-

ers C–B1 (Lakeba 2 from Best 1984:Table 9.3) and Squares 11, 12, 17, Layers C–B1 (Lakeba 1 from Best 1984: Table9.3) of 
site 101/7/196.

•	Nukuleka: Data from Best (1984: Tables 9.2, 9.3) for Site TO2 were translated into Anson motifs. Additional motifs were 
taken from Burley and Dickinson’s (2010:Fig. 2) photograph of dentate stamped sherds from Nukuleka and translated 
into Anson motifs, such that Burley and Dickinson sherd a = Anson motif 187, b = 345, c = 267/268, d = 207 and 391, 
e = 366 and 486, f = 162, g = 153, h = unassigned, i = 407, j = unassigned, k = unassigned, l = 131, m = 436 and 486, n = 430, 
o = 192 and 421, p = 436 and 496. Unassigned motifs could not confidently be placed in an existing Anson category, 
including the additional motifs found in Anson (1998)

•	Naitabale: Data from Nunn et al. (2007: Table 1) were translated into Anson motifs.  Strata are too mixed to separate 
early and late Lapita deposits at this site (Nunn et al. 2007: 101).

•	Lolokoka: Data from Kirch (1988: Table 29) were translated into Anson motifs.

Table A2. Presence-absence data matrix for aggregated Lapita motif categories at selected archaeological sites or areas.
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435–440 1 1 1 1 1 1 1 1 0 1 1 0 0 1 1 1 1 1

431–432 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

250–252, 405–6, 506–7, 
512 1 0 0 0 0 0 1 1 0 0 0 0 0 1 1 0 1 0

290–1, 468–71 0 0 1 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0

230–7, 240, 244, 278–9, 
289, 323–5, 463–4 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1

395–7 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

224–7 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

1–8, 10–16, 54, 56, 60, 141, 
333–6, 385–6, 389, 402, 
494, 496–7, 499, 509

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

280, 283–4, 368 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

228–9, 238–9 , 241–3, 493 1 0 0 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0

399, 400–1, 466–7, 472 0 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 0 1

67–122, 292–5, 303, 306, 
308, 353–61, 377, 378–84, 
407–415, 478–9, 508, 511, 
513–15

1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0

344–52, 510 1 0 0 0 1 0 1 0 0 0 1 1 1 1 0 1 1 0

503 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
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516 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0

129–32, 145–8, 152, 
371–3, 426–30, 504–5 0 0 0 0 1 0 0 0 1 0 1 1 0 1 0 1 1 0

245–9 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0

300–2, 304–5, 309, 
310–16, 321 0 0 1 0 1 1 0 0 0 1 1 0 1 0 0 1 1 0

185–95, 287, 296–9, 307, 
369–70, 420, 433–4, 480, 
481

1 0 1 1 1 1 1 1 0 1 1 1 1 0 0 1 1 1

424 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

270–7, 498 1 1 1 0 1 1 0 0 0 1 1 1 0 1 0 1 0 0

126–8, 144 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

393–4, 417,421 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1

457, 459, 460–2 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0

441–56 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

425 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

123–5 0 0 0 0 0 0 1 0 0 0 1 0 1 0 1 1 1 0

9, 17–58, 327–32, 337–43, 
391–2, 398, 416, 473–7, 
482–4

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0

149–51,153 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0

253–66, 363, 367, 458 0 0 0 0 1 1 0 0 0 1 1 1 0 1 0 0 1 0

285, 322, 489–92 1 0 0 0 0 1 0 1 0 0 0 0 1 1 0 0 0 0

267–9, 403–4 1 0 0 0 1 0 1 0 0 0 0 0 1 1 1 1 1 0

133–40, 142, 362, 364–6, 
374–6, 387–8, 390, 485–6, 
495, 500–2

1 1 1 1 1 0 0 0 1 1 1 1 0 1 0 1 0 0

154–72, 418–9, 465, 487 1 0 1 1 1 1 1 1 0 1 0 0 1 1 1 1 1 1

173–84, 281–2, 286, 288, 
422–3 1 0 0 0 1 0 1 1 0 1 0 0 1 1 1 1 1 1

65–6 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

53, 55, 57, 59, 61–4 0 1 0 0 0 1 1 0 1 1 1 1 1 1 0 0 1 0

196–223, 488 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0

143 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1

317 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

318 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

319 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0

320 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0

326 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0
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Introduction

The distribution and frequency of different types of obsid-
ian found at archaeological sites is commonly used in the 
Pacific as a proxy for human economic and social interac-
tion (Summerhayes 2009) to reconstruct social networks 
by which less tangible aspects of cultural, linguistic, and 
genetic transfer may have occurred among people living 
in different places. A considerable amount of work has 
been carried out on the distribution of obsidian from 
sources in the Bismarck Archipelago eastwards from these 
sources, particularly at sites associated with Lapita pot-
tery. In contrast, the distribution of obsidian westwards 
from these sources along the north coast of mainland New 
Guinea and to its immediate offshore islands has been less 
well studied.

Archaeological studies of obsidian procurement have 
typically relied on sub-sampling of archaeological as-
semblages to estimate the frequency of different obsidian 
types. While this generally produces a reliable estimate of 
assemblage frequency, such an approach obviously limits 
the ability to identify low-frequency source types. While 
in many parts of the world, visual sourcing has been used 
to increase sample size and stratify samples for chemical 
analysis (e.g., Braswell et al. 2000), this role has instead 
been filled by relative density analysis in the Pacific (e.g., 
Torrence and Victor 1995). Unfortunately, this method has 
been shown to produce equivocal separation between geo-
graphically distinct obsidian sources in the Pacific (White 
and Harris 1997). Recently, the promise of portable X-ray 
fluorescence devices (PXRF) as a means of rapidly assign-
ing large numbers of archaeological obsidian samples to 
western Pacific sources has been effectively demonstrated 
by Sheppard and colleagues (2010).

We report on the analysis of over 1600 pieces of obsidian 
from coastal and island northern Papua New Guinea us-

ing portable X-ray Fluorescence (PXRF). The pieces were 
collected by John Terrell and his colleagues during their 
archaeological surveys and excavations on the Sepik coast 
(Fig. 1) between 1993 and 1996. We present changes found 
in obsidian source frequencies in dated excavated con-
texts, but we also explore regional patterning in surface 
assemblages relative to these dated obsidian assemblages 
to propose a broader chronological pattern to obsidian 
procurement during the last 2000 years in the area be-
tween modern day Aitape and the larger town of Wewak 
east of Aitape. Finally, we suggest several possible factors 
that may account for the chronological changes observed 
in source representation that can be tested by future field-
work on the Sepik coast.

Obsidian in the western Pacific

The distribution of obsidian from different sources in 
Melanesia has been perhaps the most useful and widely 
utilized window into studying the scope and intensity of 
human interactions in the Pacific in prehistory, primar-
ily due to several decades of focused research by scholars 
working at the Australian Nuclear Science and Technology 
Organization (Summerhayes et al. 1998: 135), which has 
demonstrated the utility of chemical sourcing of obsidian 
from these sources. These studies primarily utilized Proton 
Induced X-ray and Gamma-ray Emission (PIXE-PIGME) 
(Ambrose et al., 1981; Summerhayes et al., 1998; Summer-
hayes 2009: 109–110). In recent years, Laser Ablation-In-
ductively Coupled Plasma-Mass Spectrometry (LA-ICP-
MS) and portable X-ray Fluorescence (PXRF) have both 
become the more common methods used in provenance 
studies of archaeological obsidian world wide and in Mel-
anesia (Ambrose et al. 2009; Reepmeyer 2008; Reepmeyer 
and Clark 2010; Sheppard et al. 2010).

Obsidian is available from four source regions in Melane-
sia (Fig. 1) – the Admiralty Islands, New Britain, Fergusson 
Island (D’Entrecasteaux Group), and the Banks Islands 
(Vanuatu, not shown) (Bird et al. 1997: 61; Fredericksen 
1997: 376; Irwin 1991: 503; Reepmeyer 2008, Reepmeyer 
and Clark 2010). Prior studies have identified four chemi-
cally distinct sources in the Admiralty group – Umrei and 
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Wekwok on Lou Island, Pam Lin Island, and Mt. Hahie 
on Manus – four chemically distinct source flows on the 
Willaumez peninsula of western New Britain – Kutau/
Mt. Bao, Gulu, Hamilton, and Baki – and a further major 
source at Mopir, also on New Britain (Ambrose et al. 1981; 
Ambrose and Duerden 1982; Bird et al. 1997; Duerden et 
al. 1987; Fredericksen 1997: 68, 70; Fullagar et al. 1991; Ken-
nedy 1997: 85; Specht 1981; Summerhayes 2003: 136; 2004; 
Summerhayes et al. 1998; White and Harris 1997: 104–105). 
Material from these Bismarck sources was transported 
within the Archipelago well back into the Pleistocene 
(Summerhayes 2004: 145–146; Torrence et al. 2004: 116–118). 
While New Britain obsidian (principally from the Kutau/
Bao sub-source) was transported off-island as far as the 
New Guinea highlands to the west and the Massim to the 
east during the mid-Holocene (~5920 to 3315 BP) (Araho 
et al. 2002: 72; Specht 2005; Swadling and Hide 2005: 307–
308; Torrence et al. 2009: 120; Torrence and Swadling 
2008: 609–712), Admiralty Island obsidians (with one pos-
sible exception on Biak Island) appears to have only been 
regularly transported out of that archipelago after the ap-
pearance of Lapita pottery around 3000 BP (Fredericksen 
1997; Summerhayes 2003; 2009: 118–119).

During Lapita times, small amounts of Kutau/Mt. Bao 
obsidian reached westward as far as eastern Malaysia 
(Bellwood and Koon 1989: 614, 617, 620; Summerhayes 
2009: 116), but it remains unclear whether or not this ma-
terial was transported along the northern coast of Papua 

New Guinea, or through some other island route. It is gen-
erally believed that the distribution of these obsidians, par-
ticularly from New Britain, became more localized after 
the Lapita period (post~2000 BP); however, small amounts 
of New Britain obsidian have been found as far distant as 
the eastern Highlands of Papua New Guinea and along the 
northern coast (White 1996: 201).

Several chemically distinct source flows exist on Fergus-
son Island in the D’Entrecasteaux island group, although 
to date only those grouped as ‘West Fergusson’ obsid-
ian have been conclusively identified in archaeological 
contexts (Green 1987; Green and Bird 1989). While this 
material may have been transported as far eastwards as 
the Santa Cruz Group during Lapita times, its primary 
known distribution is along the Papuan Coast and up 
northwards as far as Collingswood Bay in contexts post-
dating ~2000 BP (Irwin 1991). Obsidian found in contexts 
dating from ~2500 BP onwards at the recently reported 
Bogi 1 site in Caution Bay are also likely from Fergusson 
sources (McNiven et al. 2011), and suggest possible earlier 
movement along the south coast of Papua New Guinea.

Two chemically distinct sources of obsidian exist in the 
Banks Islands of northern Vanuatu, but were largely dis-
tributed within Vanuatu and northwards into the southern 
Solomon Islands (Reepmeyer 2010). To date, this material 
has never been found at any archaeological sites on main-
land New Guinea or its offshore islands.

Figure 1. The western Pacific, with the Sepik coast and locations of obsidian sources indicated.
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Prior Sourcing Work on the Sepik Coast

At present, the Sepik coast region of northern Papua New 
Guinea (Sandaun Province) (Fig. 1) is the furthest west 
that substantial amounts of obsidian from western Pacific 
sources have been identified, although as mentioned, small 
numbers of pieces have been recovered further west on 
Biak Island (one piece from the Lou Island-Umrei source), 
Bukit Tengorak on Sabah (17 pieces of Kutau/Bao and 
Lou Island-Umrei), and at Lastimoso on Cebu (1 piece of 
Kutau/Bao) (Reepmeyer et al. 2011; Torrence et al. 2009; 
Tykot and Chia 1997). Obsidian was first collected in the 
area around modern day Aitape (St. Anna and Tumleo) 
and further east on Cape Wom by Maurice Leask during 
the 1940s, and later by Wallace Ambrose on the Moem 
Peninsula, both near Wewak (Ambrose 1976; Leask 1945). 
Sourcing of this material by relative density and Neutron 
Activation Analysis indicated that obsidian was obtained 
both from more proximal sources in the Admiralty Islands 
and more distant ones on New Britain (Ambrose, 1976).

During two seasons of survey and excavation (1993 and 
1996) in the area between Vanimo and Wewak, John Ter-
rell, Robert Welsch, and colleagues collected or excavated 
1602 individual pieces of obsidian from 69 different find 
spots (Fig. 2) (Terrell 2011a). Obsidian collected during 
the 1993 surveys was analyzed by relative density analysis, 
suggesting that all material collected during that field sea-
son originated either in the Admiralties or on New Brit-
ain (Terrell and Welsch 1997). Obsidian recovered during 
1996 excavations at the stratified site of NGRP46 on Tum-
leo Island (~2000 BP–recent) was analyzed by PIGME-PIXE 
at ANTSO. That analysis identified only Admiralty Island 
obsidians (Summerhayes 2003). Most recently, a set of 438 

pieces collected during both the 1993 and 1996 field sea-
sons were analyzed by LA-ICP-MS and PXRF, the results 
of which have been previously reported on (Golitko et 
al. 2010; Golitko 2011). That study identified obsidian from 
four source flows, Lou Island-Umrei, Lou Island-Wekwok, 
Pam Lin, and Kutau/Bao (New Britain).

New Analysis

Sheppard and colleagues (University of Auckland) have 
recently demonstrated that portable X-ray Fluorescence 
analysis (PXRF) is capable of distinguishing between 
all obsidian source flows present in the western Pacific 
(Sheppard et al. 2010). As this technique provides a rapid 
and cost effective means of distinguishing between these 
sources, a renewed program of sourcing was initiated to 
analyze the remainder of the 1602 obsidian pieces (Table 
1) collected by Terrell and Welsch during 1993 and 1996 
not included in our previous study (Golitko et al. 2010), 
particularly as there are known problems with the relative 
density method that make source attributions obtained 
by that method suspect (Torrence and Victor 1995; White 
and Harris 1997). In particular, relative density only par-
tially distinguishes between obsidian from sources on New 
Britain and those from the Pam Lin source, a potential 
confusion that has obvious implications for reconstructing 
prehistoric patterns of acquisition and interaction.

All new specimens were analyzed at the Field Museum of 
Natural History Elemental Analysis Facility (EAF) using an 
Innov-X Alpha© portable X-ray Fluorescence Spectrom-
eter (Golitko et al. 2010). Samples were run for 90s each 
at 40 keV beam current and 20mA voltage using X-rays 
generated from a Tungsten anode to measure peak inten-

Figure 2. The Sepik coast of Papua New Guinea with the location of excavation and surface collections from which obsidian 
was analyzed indicated.
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Table 1.  Analyzed obsidian assemblages.
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sities for Zn, Rb, Sr, Zr, and Nb. The instrument’s ‘Light 
Element Analysis Package’ was then utilized (15 keV beam 
current) to generate peak intensities for K, Ca, Ti, Mn, 
and Fe. The fundamental parameters package supplied 
by the instrument manufacturer was utilized to calculate 
concentrations which were then corrected using regres-
sion lines generated by analysis of 16 in-house obsidian 
standards (measured independently using LA-ICP-MS 
calibrated with certified glass standards to generate a con-
centration value for each piece of obsidian), using repeat 
measurements of two western Pacific obsidian standards, 
ANU2000 (Wekwok) and ANU9000 (Kutau/Bao) (Ambro-
se et al. 2009, Reepmeyer et al. 2011) to monitor precision 
and assess accuracy of our correction procedure. This ap-
proach is similar to that employed by Sheppard and col-
leagues (2010), but takes into account the fact that results 
generated using the instrument’s fundamental parameters 
package sometimes do not express a linear relationship 
with known or certified concentrations in obsidian pieces 
across a range of concentrations, and often cannot be 
regressed through zero (i.e., zero as measured by the in-
strument often falls at some finite value greater than zero 
but below the instrumental limits of detection). Results of 
ten repeat analyses on ANU2000 and ANU9000 (Table 2) 
show that precision (1-σ) is on the order of 5–10% for all 
measured elements, while accuracy relative to published 

values is within 5% for most elements across the range of 
concentrations represented in western Pacific obsidians.

Additionally, a series of raw material samples from New 
Guinean obsidian sources (Fig. 2) in the Admiralties 
(Wekwok, Umrei/Umleang, and Pam Lin), New Britain 
(Kutau/Bao, Baki, Gulu, and Mopir) and both western 
Fergusson Island (Igwageta) and eastern Fergusson Island 
(Numanuma Bay) were analyzed using identical protocols. 
These source samples were supplemented with several ar-
chaeological pieces previously analyzed by PIXE-PIGME at 
ANTSO (Summerhayes 2003; Terrell and Welsch 1997) and 
assigned to the Umrei, Wekwok, and Pam Lin sources by 
comparison to their extensive set of source samples.

Archaeological samples were compared to these source 
samples both by visual inspection of bivariate plots (Fig. 3), 
which allowed for easy distinction of New Britain obsidian 
from Admiralty obsidians, and then by canonical discri-
minant function analysis (Baxter 1994) carried out relative 
to the three Admiralty source flows. As has been noted 
in the past, concentration measurements on samples that 
are small relative to the X-ray beam width, or very thin 
(~ <2 mm) can be impacted (Davis et al. 1998), and this is 
evident in an elongation of concentration distributions for 
many mid-Z elements, for instance on the bivariate plot 

Table 2. Mean concentration values and one-sigma ranges for measured obsidian pieces, sources samples, and obsidian 
standards ANU2000 and ANU9000. Published values from Ambrose et al. (2009) and Reepmeyer et al. (2011) are provided 

for comparison.
Archaeological samples K Ca Ti Mn Fe Zn Rb Sr Zr Nb
Pam Lin mean 37969 8535 995 361 11781 97 190 33 278 48
n = 208 1-σ 2494 4880 83 22 448 74 19 5 25 7
Umrei mean 35605 16071 1636 443 16255 160 180 70 438 52
n = 1084 1-σ 3059 7681 171 40 1194 215 19 11 37 8
Wekwok mean 36045 13808 1383 401 13501 161 182 60 338 48
n = 148 1-σ 3604 11943 148 35 739 183 23 15 35 9
Kutau/Bao mean 32292 13578 1206 384 8943 110 73 195 148 14
n = 165 1-σ 3001 7757 128 37 892 126 7 20 15 6
W. Fergusson mean 37867 7131 1210 282 9241 184 158 71 300 17
n = 7 1-σ 3247 2112 42 18 277 141 25 11 24 6

Source samples

E. Fergusson mean 42711 667 1294 670 23620 145 171 – 1571 41
n = 1 1-σ – – – – – – – – – –
W. Fergusson mean 37406 4323 1186 307 9225 42 138 63 298 12
n = 1 1-σ – – – – – – – – – –
Gulu mean 35567 6807 980 278 7832 29 78 133 139 –
n = 1 1-σ – – – – – – – – – –
Baki mean 36230 8404 1219 413 10191 72 82 148 181 15
n = 3 1-σ 1795 449 29 17 297 32 12 23 27 9

Mopir mean 19131 10373 1041 486 8840 51 49 157 118 –
n = 1 1-σ – – – – – – – – – –
Umrei/Umleang mean 35789 10243 1577 424 15629 57 156 60 392 43
n = 3 1-σ 160 282 44 8 135 5 4 2 11 –

Pam Lin mean 38304 6391 1069 385 12430 49 169 42 263 38
n = 2 1-σ 654 138 57 16 172 – 2 1 6 –
ANU2000 (Wekwok) mean 34664 8312 1564 414 13242 47 153 58 310 37
n = 10 %RSD 3% 4% 6% 5% 1% 13% 2% 3% 2% 6%
ANU2000 published 33095 8467 1585 436 13428 48 147 62 290 41
ANU9000 (Kutau/Bao) mean 33528 9062 1376 398 8599 41 62 177 132 –
n = 10 %RSD 2% 4% 6% 5% 1% 8% 3% 2% 3% –
ANU9000 published 31521 8559 1403 433 8303 38 51 175 125 3
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of Zr and Rb concentrations (Fig. 3a). Mean values and 
dispersion for each identified chemical source, and for all 
measured source pieces are reported in Table 2.

The majority of the measured pieces can be linked to the 
Umrei/Umleang flows on Lou Island in the Admiralty 
group, however, substantial numbers of samples group 
derived from the Wekwok and Pam Lin sources. A large 
number of samples were linked to sources in West New 
Britain. While our limited source sample does not allow 
us to confidently link these samples to a particular sub-
flow, the source sample from the Kutau/Mt. Bao source 
(ANU9000) is the closest match to the measured archaeo-
logical pieces (Table 2). As this source is the only one on 

New Britain that is known to have been widely distrib-
uted in the western Pacific prehistorically, it is likely that 
the material recovered on the Sepik coast primarily or 
exclusively derived from there. Additionally, a handful of 
samples were identified that are clearly chemically distinct 
from both New Britain and Admiralty obsidians, which 
match the source sample from the West Fergusson Island 
(Fig. 3b). The seven pieces assigned to source flows on 
western Fergusson Island represent the first identification 
of this material on the north coast, and expand its range 
nearly 1000 kilometers from Collingwood Bay, its previous 
northward distributional limit (Golitko et al. 2012). Source 
assignments by find provenance are given in Table 3.

Figure 3. Bivariate plots of Zr, Rb, and Fe (ppm) concentrations showing archaeological samples compared to analyzed 
source samples. Ellipses are drawn around source samples from the Umrei/Umleang, Wekwok, and Pam Lin sources at the 
95% confidence level.
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Table 3. Source frequencies by analyzed assemblage.
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Obsidian Acquisition in Chronological 
Perspective

Dated assemblages

Only a small percentage of the analyzed material was ex-
cavated from secure contexts in association with radio-
metric dates, and we therefore begin our exploration of 
diachronic patterning in source acquisition by considering 
only those assemblages. The bulk of dated obsidian comes 
from stratified deposits excavated at the site of NGRP46 
on Tumleo Island (Terrell 2011b). This former beach front 
village location provided stratified ceramic assemblages 
assigned to four ware types likely stylistically derived from 
earlier Lapita ceramics that are present in isolated exam-
ples on the nearby mainland (Aitape) and on neighbor-
ing Ali Island (Golitko 2011). The earliest, termed Nyapin 
ware, is associated with 14C dates spanning the range of 

~2000–1500 BP. Later deposits contain Nyapin-derived 
styles termed Sumalo ware (~1400–1200 BP), Aiser ware 
(~1000–500 BP) and Wain ware (post-Aiser, pre-ethno-
graphic, or ~500–150 BP). Some surface assemblages con-
tain pottery similar to that ethnographically documented 
and presumably date to the period after Wain ware was 
popular (Terrell 2011b; Terrell and Schechter 2011).

A visual representation of changes in source frequencies 
at NGRP46 is presented in Figure 4. The Nyapin period 
obsidian assemblage at NGRP46 is dominated by Umrei/
Umleang and Pam Lin obsidians. During the later Sumalo 
phase, Umrei obsidian is much less frequent, with both 
Wekwok and Pam Lin significantly increasing in frequency, 
while obsidian from New Britain is virtually absent dur-
ing the thousand years represented by the Nyapin and Su-

malo ware phases on Tumleo. Dated assemblages associ-
ated with Sumalo ware are also available from the adjacent 
mainland at Mt. Mario, a low limestone hill inland from 
present day Aitape. The assemblages from three excavated 
archaeological sites on Mt. Mario, NGRP16, 22, and 23, like 
roughly contemporaneous deposits on Tumleo, contain 
very low frequencies of New Britain obsidian. However, 
they differ from Sumalo levels on Tumleo Island in re-
gards to frequency of different Admiralty sources – the Mt. 
Mario deposits are dominated by Umrei/Umleang obsid-
ian and have very low frequencies of both Pam Lin and 
Wekwok obsidians.

Later Aiser and Wain associated obsidian assemblages 
on Tumleo witness a rebound in frequency of Umrei/
Umleang obsidian at the expense of both Wekwok and 
Pam Lin obsidians, which progressively decline in fre-
quency between the two phases. However, New Britain 
obsidian also becomes a more substantial component of 
these post-1000 BP assemblages, representing some 4–5% 
of obsidian excavated from the Aiser and Wain units at 
NGRP46.

Undated assemblages

The majority of analyzed obsidian was recovered in undat-
ed surface contexts; however, in some cases the presence of 
isolated sherds stylistically assignable to dated ware types 
from the Tumleo-Aitape area allow some suggestion as to 
the age of associated obsidian. Furthermore, these sherds 
have been chemically assigned to production in the Tum-
leo/Aitape area by chemical and mineralogical analysis 
(Dickinson 2011; Golitko 2011). It is probable that at least 
some of these assemblages represent palimpsests of activ-
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Figure 4. Obsidian source frequencies in dated stratigraphic levels at NGRP46, Tumleo Island.



51

 University of otago stUdies in archaeology · no. 25

ity spanning longer periods of time than represented by 
associated diagnostic ceramic types. In order to examine 
patterning in these undated assemblages relative to each 
other and to dated assemblages from the Tumleo/Aitape 
area, we calculated pair-wise Brainerd-Robinson scores 
(a similarity/dissimilarity measure ranging between 0 
and 200 – see Cowgill, 1990) for each pair of assemblages, 
and then performed Multidimensional Scaling (MDS – see 
Drennan 2009) to allow two-dimensional visualization 
of relationships between all assemblages simultaneously. 
On the resulting MDS plot (Fig. 5), assemblages with more 
similar frequencies of different obsidian types will fall 
close together in relational space. Assemblages containing 
less than five analyzed pieces were not included, and as-
semblages found within the same general geographic area 
(on the slopes of a single hill, for instance) containing the 
same types of ceramic sherds were pooled (e.g., Mt. Mario, 
Mt. Marenge, etc…).

Some assemblages form clear outlier groups visualized 
in this manner. One such group contains assemblages 
that are particularly rich in obsidian from New Britain – 
ABLP625 on Ali Island and ABLP179 on Tarawai Island, and 

Kobom/Airati, inland from Aitape. We have previously 
suggested (Golitko 2011; Golitko et al. 2010) that such as-
semblages might represent relatively early occupation on 
the coast, perhaps contemporaneous with mid-Holocene 
settlement in the Bismarcks, or else Lapita. This hypoth-
esis is based on both the anomalously high frequencies of 
New Britain obsidian in these assemblages, but also the 
large average flake sizes at these sites, and their location 
on either uplifted former shore lines or else along the re-
constructed mid-Holocene mainland coast. Whether this 
is true or not will however require further fieldwork. A 
potential tanged point collected at ABLP173 (Phillips 2011) 
has since been demonstrated to have resulted entirely 
from recent edge damage – as did much of the ‘retouch’ 
originally identified on pieces from Kobom, ABLP173, and 
Ali Island (Kononenko and Torrence, pers. comm. 2012) – 
and this piece is therefore not comparable to tanged points 
found in late mid-Holocene and early Lapita period sites 
on New Britain (Kononenko and Torrence 2009; Konon-
enko et al. 2010).

Other sites that fall outside the range of variability in most 
of the coastal assemblages analyzed include the Sumalo 

Figure 5. Multi-dimensional scaling plot of obsidian assemblages with more than five analyzed pieces, coded by region 
of the coast and chronological period. Field IDs for individual collection locations are indicated in brackets, except where 
several have been pooled into single symbols. Light grey symbols are western offshore island assemblages, dark grey western 
mainland assemblages, and black symbols eastern island assemblages. Symbol size is scaled by number of analyzed pieces.
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layers at NGRP46 (listed as Tumleo Island on the MDS plot), 
surface deposits there, and Sumalo associated assemblages 
from Sumalo Hill and adjacent Kumu market (pooled as 
Aitape on the MDS plot), on a near coastal limestone hill 
east of Aitape. These assemblages are all distinguished by 
high frequency of Pam Lin obsidian. If these Sumalo ware 
associated assemblages on the mainland and on Tumleo 
are indeed roughly contemporary, the similar abundance 
of Pam Lin obsidian suggests similar avenues of procure-
ment that distinguish these coastal and island sites from 
Sumalo sites further inland on Mt. Mario (NGRP16, 22, and 
23), where Umrei is much more frequent.

The rest of the analyzed assemblages form a single cluster 
on the MDS plot, and are dominated by Umrei/Umleang 
obsidian. Within this large cluster, however, there is pat-
terning consistent with ages assigned by diagnostic ceram-
ics. For instance, ABLP155 and ABLP171, sites on Tarawai 
Island associated with ceramics stylistically similar to 
Nyapin ware sherds excavated on Tumleo, have essentially 
identical obsidian assemblages to one another, and are po-
sitioned relatively closely on the MDS plot to the Nyapin 
associated assemblage from NGRP46. If these sites are 
indeed roughly contemporary, then this suggests a simi-
lar pattern of procurement spanning the coast between 

~2000–1500 years ago. Similarly, assemblages on Tarawai 
Island containing Aiser ware sherds manufactured on 
Tumleo or near Aitape are located immediately adjacent 
to the Aiser period assemblage from NGRP46. The same 
is true of assemblages on Tarawai containing Wain ware 
sherds, which are likewise positioned near to Wain units 
on Tumleo on the MDS plot.

Many of the island assemblages can be distinguished from 
mainland assemblages both by the higher frequencies of 
New Britain obsidian encountered there, but also by a 
greater overall diversity in obsidian procurement. For in-
stance, Fergusson Island obsidian was only found at four 
find spots on Ali Island (ABLP622, 629, 630, and 631), two 
on Tarawai (ABLP144 and 174), and one on Seleo Island 
(ABLP160). The Tarawai assemblages produced only two 
pieces of this obsidian, refitting pieces of the same core, 
while the Ali and Seleo Fergusson pieces are small flakes. 
The age of these pieces is unknown, but the exclusive pres-
ence of Aiser and later styles of pottery on Seleo Island 
suggests that Fergusson Island obsidian probably did not 
reach the north coast prior to 1000 BP. Transport in the 
very recent past, by ethnographers, colonial officials, mer-
chants, or soldiers during WWII cannot be ruled out in 
principle, however.

Obsidian Procurement on the Sepik coast

The present analysis suggests two primary patterns in ob-
sidian procurement on the coast during the last 2000 years 
of prehistory (Fig. 6). Firstly, assemblages dating to the pe-
riod between 2000–1000 BP contain virtually no obsidian 
from sources on New Britain. After 1000 BP, New Britain 
obsidian is present at ~5–10% in studied assemblages. Sec-
ondly, there is a pronounced reduction in frequency of 
Umrei/Umleang obsidian observed on Tumleo Island in 
units containing Sumalo and Aiser ware ceramics, as well 
as in assemblages on Tarawai Island associated with Aiser 
ware ceramics. This reduction in Umrei frequency in the 
period between ~1400–500 BP is currently only attested 
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Figure 6. Obsidian frequencies by time period pooling all dated assemblages or assemblages associated with datable 
ceramics.
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on islands and near shore assemblages, however – Sumalo 
ware assemblages further inland at Mt. Mario contain sub-
stantial proportions of Umrei and little Pam Lin obsidian. 
Without volumetric measures of obsidian frequency, it is 
unclear how to interpret changes in frequency observed 

– was Umrei obsidian indeed restricted in its availability 
at some places on the coast during the Sumalo and Aiser 
ware periods, or was Pam Lin imported in larger quantities 
during that time?

Examination of weight per excavated volume in the dated 
units on Tumleo and Mt. Mario provides one avenue to 
examine volume of importation to the coast (Table 4). For 
instance, at NGRP46, obsidian per excavated volume be-
gins at a relative high in Nyapin deposits before dropping 
to a low in Sumalo units, and then roughly stabilizes in 
Aiser and Wain associated units. This might suggest that 
relative lows in frequencies of both New Britain and Um-
rei obsidians, particularly during Sumalo times, may have 
been associated with an absolute low in importation vol-
ume. However, it should be noted that the village site at 
NGRP46, examined only via three vertically cut trenches, 
probably shifted location over time in response to the 
progressive regression of the shoreline on Tumleo Island, 
and it is possible that Nyapin deposits represent an area of 
higher occupation intensity than later deposits at the site. 
Sumalo deposits at NGRP16, 22, and 23, which probably 
represent rubbish pits or other discard areas rather than 
occupation surfaces, have substantially higher volumes of 
obsidian than any units excavated at NGRP46. It is unclear 
that volumetric comparisons between these assemblages 
are appropriate.

Availability and extent of exchange networks through 
which obsidian was transported from its sources in the 
Admiralty Group and on New Britain may have been im-
pacted by several complimentary factors; however, each 
of these possibilities requires testing with finer-grained 
chronology and more well-dated assemblages than are 
presently available.

Volcanism: Periodic volcanic eruptions at or near impor-
tant obsidian sources are known to have restricted their 
availability in the western Pacific during prehistory. While 
few of the documented eruptions during the last 2000 

years have been as dramatic, or had as significant an impact 
on settlement on New Britain, as the Witori eruptions of 
the mid-Holocene (W-K1, ~5920BP) and mid-Holocene-
Lapita period boundary (W-K2, ~3315BP), repeated erup-
tive episodes both on New Britain and on Lou Island may 
have played a role in restricting the amount of raw mate-
rial from these sources that might have ultimately reached 
the Sepik coast. The W-K3 (~1615 BP), W-K4 (~1300 BP), 
and DK (~1300 BP) eruptions all occurred within the pe-
riod of limited New Britain obsidian acquisition on the 
Sepik coast, yet evidence suggests that reoccupation on 
New Britain and resumption of obsidian extraction re-
sumed soon after each of these eruptions (Petrie and Tor-
rence 2008; Torrence, Neall and Boyd 2009). Eruptions 
occurred on Lou Island between ~2000–1800 BP (Pisik 
ash) and at 1640±90 BP (Rei ash) (Fredericksen 2000: 99), 
but these eruptions seem unlikely to account for the pau-
city of Umrei/Umleang obsidian in assemblages dating to 
both the Sumalo and Aiser ware phases (~1400–500 BP) 
on the Sepik coast.

Disruptions en route: It is to be presumed that obsidian 
was not transported directly from its sources to place of 
final deposition on the Sepik coast in all cases, but instead 
passed through the hands of numerous individuals on its 
way from the Admiralties or New Britain to the coast. As 
such, any disruptions to exchange connections en route 
would also have impacted availability on the Sepik coast. 
In the Vitiaz Straits, the first link between New Britain 
and the mainland, Lilley has documented the evolution 
of cross-straits exchange during the last 2000 years, cul-
minating in the establishment of the ethnographically 
documented system focused on traders from Siassi, which 
was established only during the last 300–500 years. Cross-
straits movement of obsidian appears to have begun only 
around 1700 BP, while evidence for transport of large 
quantities of New Britain obsidian is evident in the Vitiaz 
straits region only after 600 BP (Lilley 2004, 2007; Lilley 
and Specht 2007). Excavations on Long (Arop) Island also 
recovered obsidian from New Britain sources, and date to 

~400 BP (Egloff and Specht 1982).

Given the wide range of dates for Aiser ware pottery 
(~1000–500 BP), New Britain obsidian may only have 
reached the coast after 600 BP in keeping with the Vitiaz 

Site Period
Excavation
volume (m³)

Total obsidian
weight (g) ~g/m³

Average
length

Average
width

Average
thickness

NGRP16 Sumalo 2.70 1.00 0.37 9.45 7.38 2.38
NGRP22 Sumalo 1.50 4.30 2.87 19.10 14.70 4.17
NGRP23 Sumalo 0.15 12.50 81.30 17.09 11.27 3.84
NGRP46 Nyapin 0.38 12.60 33.60 12.30 8.51 2.17
NGRP46 Sumalo 0.75 6.90 9.20 11.66 8.88 2.87
NGRP46 Aiser 0.88 17.10 19.54 12.51 9.55 3.30
NGRP46 Wain 0.63 9.10 14.56 13.62 9.73 3.06
NGRP46 Total Nyapin-Wain 2.63 45.70 19.23 12.52 9.17 2.85

Table 4. Obsidian weight per excavated volume and average dimensions from dated contexts.
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straits evidence (Lilley 2004, 2007; Lilley and Specht 2007). 
It is noteworthy also that assemblages containing Aiser 
ware pottery on Tarawai (Terrell 2011a) contain numerous 
sherds bearing a strong resemblance to so-called ‘Type X’ 
ceramics believed to be produced on the Huon Peninsula, 
which appear in pottery assemblages in the Vitiaz Straits 
contemporaneous with dates for Aiser ware, between 

~1000–500 BP (Lilley and Specht 2007).

Admiralty Islands obsidian in ethnographic times was pri-
marily transported by Manus traders, who were observed 
to travel as far as the Schouten Group on the eastern end 
of the Sepik coast near modern day Wewak. The ethnog-
rapher Parkinson (1907) noted that Lou Island obsidian 
was transported both as un-worked blocks but also as 
finished spear points (Ambrose 1976: 358–359; Frederick-
sen 2000: 94). These points in the Sasi (~2100 BP), Emsin 
(~1800–1600 BP) and Umleang (~1000–200 BP) styles have 
been identified as far away Buka (~2500 BP) and Lossu on 
New Ireland (~1700 BP) (Fredericksen 2000: 103; Wickler 
2001: 180), yet on the Sepik coast, where relatively large 
frequencies of Admiralty obsidian were recovered, no such 
points have been recovered. Whether this indicates that 
points of this type were never imported to the Sepik coast, 
or that such points were subsequently reworked into small 
flakes, is unclear.

The internal pattern of extraction, production, and dis-
tribution within the Admiralties is less well known than 
on New Britain – social/economic relations in the Admi-
ralties were ethnographically noted as characterized by 
competition, conflict, and jealous guarding of economic 
specializations, but Frederickson has suggested that ear-
lier patterns were much more open and loosely organized, 
with change occurring sometime between 1600 and 700 
years BP (Fredericksen 2000). Distribution of different 
types of Admiralty obsidian within the Archipelago var-
ies considerably in the period after ~3500 BP – percentages 
of Pam Lin obsidian for instance differ widely, compris-
ing between 7 and 50% of the assemblages at sites such as 
Mouk, Kohin, Pamwak, and Father’s Water (Fredericksen 
1997: 382–383).

Widely varying frequencies of Pam Lin on the Sepik coast 
– for instance the relatively high abundance of this raw 
material on Tumleo regardless of time period – may hint 
at relationships between different communities on the 
coast with different traders coming from the Admiralties, 
or else through different network connections. At present, 
the situation on both the Sepik coast and at the sources on 
Lou and Pam Islands are too poorly resolved chronologi-
cally to assess how local social and economic changes in 
the Admiralties may have impacted obsidian acquisition 
on the Sepik coast.

Risk exposure: Reepmeyer (2010) applies a model of social 
risk mitigation derived from human behavioral ecology 
(e.g., Winterhalder et al. 1999) to understand long term 

fluctuations in exchange in remote Oceania (Vanuatu 
and the Solomon Islands). He argues for a decrease in ex-
change frequency after ~2000 BP when the frequency of 
ENSO events declined relative to those of the preceding 
2500 years, followed by an upswing after ~1000 BP, when 
ENSO frequencies increased dramatically (Moy et al. 2002).

The Sepik coast is strongly impacted by the ENSO cycle, 
as it lies at the heart of the equatorial western Pacific 
Warm Pool, an area of very high surface sea temperatures. 
Changes in ocean temperature and precipitation result-
ing from alternating El Niño and La Niña years there can 
lead to years of either torrential rainfall or drought and 
wildfires that can substantially reduce available food re-
sources (Haberle et al. 2001), and may force communities 
or individuals to rely more heavily on friends and trade 
partners to obtain resources from a distance. Such an in-
crease in frequency of intercommunity interaction may 
also involve an increase in movement of the material 
goods that provide the symbolic representation of such 
relationships on the coast, including obsidian, and could 
perhaps account for the activation of network connections 
along the coast through which New Britain obsidian was 
moved after ~1000 BP.

The broader socioeconomic climate: Torrence (2000: 134–
135) has suggested that the volume of obsidian produc-
tion at sources in the Admiralty Islands may have been 
influenced by broader integration into the southeast Asian 
economy during the last two millennia – while the amount 
of data advanced to support significant integration be-
tween Southeast Asia and New Guinea during the last two 
millennia remains small, it remains possible that ebbs and 
flows detected in source acquisition on the north coast of 
New Guinea were impacted by the broader socioeconomic 
climate in the western Pacific even before European in-
cursion. During their surveys in 1993, Terrell and Welsch 
failed to recover any obsidian from archaeological sites 
in the Serra Hills that are believed to date to the last 500 
years. This suggests that the Aitape area may have been 
the western terminus of obsidian distribution from New 
Guinean sources at this time. The Serra Hills are the east-
ern terminus of exchange spheres connecting the north 
coast to Southeast Asia in the recent past, in particular 
related to the acquisition of Bird of Paradise plumes for 
the Asian market, and the importation of Southeast Asian 
glass meads and metal work into New Guinea. The Asian 
plume trade is believed to have collapsed around AD 250, 
restricting local access to glass beads and other Southeast 
Asian imports (Swadling 1996). While glass beads and 
metal are on present evidence absent from the study area, 
it is conceivable that broader integration into Southeast 
Asian trade spheres – Wain ware produced in the Aitape 
area has been recovered at sites in the Serra Hills, but it 
is presently unclear whether these exchange connections 
were present during earlier times – may have led to ‘boom 
and bust’ cycles for ‘native’ goods such as obsidian as de-
mand for Southeast Asian goods waxed and waned.
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Conclusion

Present evidence indicates that obsidian from distant 
sources in the Admiralty Islands and on New Britain has 
been transported to the Sepik coast for at least the last 
two millennia. At some point in the past, small amounts 
of Fergusson Island obsidian were transported nearly 1000 
kilometers to the coast, however, we presently do not know 
how old the pieces recovered on Ali, Seleo, and Tarawai 
Islands are, and whether these pieces represent transport 
by missionaries, soldiers, and other actors associated with 
the more recent colonial past, or indicate that the range of 
indigenous exchange networks carrying obsidian along 
the coast of northern Papua New Guinea was once greater 
than previously documented.

While the majority of obsidian reaching the coast dur-
ing all studied time periods was obtained from sources 
in the Admiralty Island, there are significant patterned 
chronological shifts in source representation. New Britain 
obsidian is largely absent from assemblages in the period 
between ~2000–1000 BP, but is present as a minority frac-
tion in assemblages either dating to or associated with ce-
ramics dating to the period after 1000 BP. Umrei/Umleang 
obsidian from Lou Island, although still the most frequent 
type encountered, drops significantly in frequency during 
the period between 1400 and 500 BP. While it is premature 
to reach definitive conclusions about why these differences 
in frequency occur, we suggest that several factors may 
have played a role, including volcanism at source flows, 
shifts in network connectivity resulting from local impacts 
of environmentally generated risk, and regional impacts of 
socio-economic boom and bust cycles.

This study highlights the advantages of a technique by 
which large numbers of pieces can be rapidly analyzed 
and assigned to a source. For instance, prior analysis of 
the assemblages reported on here failed to note the pres-
ence of Fergusson Island obsidian on the north coast, and 
resulted in misassignment of a high fraction of pieces to 
the wrong Admiralty Island source. Given the debates that 
are currently underway regarding the reliability and ac-
curacy of PXRF for archaeological analysis (e.g., Frahm 
2013a; 2013b; Shackley 2010; Speakman and Shackley 2013), 
we stress that this technique, which measures a relatively 
small number of elements at relatively high limits of de-
tection, is unlikely to replace more powerful techniques 
such as PIXE-PIGME, INAA, or LA-ICP-MS for the initial 
distinction of obsidian sources of unknown composition. 
It represents a powerful tool in the western Pacific pre-
cisely because the obsidian sources utilized prehistorically 
have been so well studied by other researchers for several 
decades.
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Introduction

Most of the studies published on Lapita sites of the West-
ern Pacific have dealt with ceramic forms, dentate stamped 
decorations (Kirch 1997; Summerhayes 2000; Chiu 2003) 
and shell ornaments (Szabo 2010). Comparatively, little 
has been published on flaked stone material, although 
flakes are present in nearly every excavated Lapita site 
(Sheppard 2010). We propose in this paper to summarize 
a detailed study conducted on the Lapita flake collection 
of New Caledonia in southern Melanesia (Fig. 1), focus-
ing especially on the data obtained from the eponymous 
site WKO013A of Lapita, which has given its name to the 
cultural complex that is considered to have spread across 
Remote Oceania over 3000 years ago (Sand and Bedford 
2010).

Flaked tools have been uncovered in the site of Lapita over 
the past century but were never studied in detail (Forestier 
1996a). Guided by previous work on New Caledonian deb-
itage (Cayrol 1982, Forestier 1994, Forestier 1996b, Forestier 
1999), a study of the flaking sequence particular to this site 
has been undertaken (Lagarde 2004). The general conclu-
sions from this study were also compared with the lithic 
collections from other Lapita and later first millennium 
BC sites from the New Caledonian archipelago (Lagarde 
2004). Here, after a brief description of site WKO013A, its 
chronological and stratigraphical context, we will present 
the study of the lithic material itself. Focusing on cores 
as well as flakes, we will show the presence of a unique 
reduction sequence, or as the French prehistorians call it, 
a chaîne opératoire (A. Leroi-Gourhan, 1964: 164) and ex-
plain how it can be extended, through comparisons with 
lithic data from other sites, to all Lapita sites within the 
New Caledonian archipelago. We will discuss how this 

Figure 1. Map of New Caledonia locating the known Lapita sites of the archipelago.
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type of analysis can potentially be applied to the other 
Lapita sites of the region.

Archaeological Context

Just after World War II, mainly American archaeologists 
started professional prehistoric research in the Western 
Pacific. As part of this new dynamic, an expedition lead by 
E. Gifford et R. Shutler was organized in New Caledonia 
in 1952 (Sand and Kirch 2002: 33). The two archaeologists 
took much care, during the first excavation at Lapita, the 
site numbered 13 in their survey, to collect charcoal sam-
ples. The predominantly dentate stamped type of pottery 
discovered at site 13 turned out to be the oldest uncovered 
in the Pacific at that time. Comparisons could be made 
with other related wares discovered elsewhere in Oceania 
and these were used as the basis of a theory concerning 
the colonizing process of most of the Western Pacific 3000 
years ago (Gifford and Shutler 1956: 93–94). The position 
of the original dig of 1952 was precisely relocated in 1992 
on the isthmus of Foué, near the provincial capital of Koné. 
In 1994, the surface of locality WKO013A (roughly 20,000 
m2) was divided in 52 square sections 25 m wide, 11 test-
pits being excavated in different sections. After massive 
destruction on the site in 1995, it was decided to excavate 
sections 11 and 12. Six zones of 9 m2 each were opened in 
1996, indicating a basic stratigraphy of three levels, with a 
total depth of approximately 70–90 cm (Sand 1996: 25–27; 
Sand 2010: 82–88).

The top soil level, of deep brown color, is associated with 
the horticultural structures (yam mounds) that were still 
visible on the Foué peninsula before bulldozering. Con-
stantly reworked, the layer contained artefacts of the first 
millenium BC mixed with some sherds of the Oundjo 
period dated to the second millenium AD. The second 
level, whose material is the core of the present study is 
composed of one to three grey sandy layers, mostly intact, 
and archaeologically homogenous. Post holes indicate evi-
dence of structures connected to the Lapita occupation 
(Sand 2010: Fig. 141). These anthropogenic layers rest on 
white and sandy beachrock, containing in some locations 
dug-out pits in which a number of nearly intact pots have 
been discovered.

The dating of sterile marshy layers indicate the absence of 
human occupation at the site in the middle of the second 
millenium BC. A dozen AMS dates place the Lapita occu-

pation between roughly 1000–1050 BC and 850 BC. Strati-
graphic data and ceramic analysis appear to indicate a 
permanent settlement on the site for over 200 years (Sand 
1998a: 28–29; 2010: Fig.28 and table 5).

Lithic tools, cores and debris from site WKO013A are al-
most only made of a New Caledonian type of chert called 
jasper.1 All categories put together, it represents 7892 of the 
8227 (96%) pieces unearthed during three main archaeo-
logical field seasons (1992, 1994, 1996). It is mostly black 
or reddish-brown due to the presence of iron and man-
ganese oxide. Sadly, raw pieces of jasper found in natural 
contexts are most of the time less than 15–20 cm wide and 
long, with the regular presence of inner recrystallization 
fissures (saccharroïd nodules and diaclases), leading to a 
raw material of poor quality. Thus elaborate flaking could 
hardly be undertaken with this type of stone.

To account for this geological specificity, the present study 
has also taken into consideration every identified core. In 
total, over 8200 individual items have been studied. In 
our analysis, a ‘core’ has been defined as the block from 
which a series of flakes have been knapped. Any globular 
block that could not be defined as a tool, bearing a series 
of complete removal negatives, has been classified as a 
core. Furthermore, knapping sequences correspond to a 
series of specific technical criteria, whose consequences 
are known by the craftsman and therefore deliberate. Thus, 
the core, as the bearer of the whole flaking process, is the 
best element to recognize the lithic production system that 
was chosen. The core found in archaeological context is a 
discard, for a number of reasons including: exhaustion of 
good quality raw material as you get to the center of the 
block; impossibility to pursue the debitage sequence due 
to overflaking, overuse of one particular surface, hinging 
or plunging of the flakes prior to the discard (i.e. bad tech-
nique); and/or large quantities of good size raw material 
nearby.

After a general survey of the Lapita lithic collection for 
locality WKO013A (Table 1), it has appeared that retouched 
flakes and unretouched flakes beared the same techno-
logical criteria and could be considered as belonging to 

1992 
test-pits

1994
Dig

1996 Dig
Zone 1

1996 Dig
Zone 2

1996 Dig
Zone 3

1996 Dig
Zone 4

1996 Dig
Zone 5

Surface 
finds

Total  

Cores 0 2 20 14 9 12 6 13 76

Retouched Flakes 6 25 89 90 17 33 24 33 317

Unretouched Flakes 54 342 467 470 243 259 398 201 2434

Debris ± 100 ± 450 ± 1700 ± 2170 ± 230 ± 410 ± 350 0 ± 5400

Total ± 160 ± 819 ± 2276 ± 2744 ± 499 ± 714 ± 778 ± 247 ± 8227

Table 1. General types and numbers of flaking material present on locality WKO013A of Lapita.

1 The raw material used on retouched stone tools for locality 
WKO013A of Lapita can be subdivided as follows by individual 
items: Jasper 378, Green Radiolarite 7, Rock Crystal 3, Obsidian 
2, Greywacke 2, Chalcedony 1.
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one general knapping process. Therefore, we have chosen 
to emphasise in this paper flakes showing evidence of re-
touch. If retouch does not determine a particular tool, be-
cause a flake can in principle be used straight after removal, 
its presence nevertheless reveals a specific bond between 
the craftsman and the flake itself. It can either indicate a 
preferential use of that tool, in which case retouch is con-
nected with damage and/or repair. Or it may correspond 
to a deliberate change of shape of a flake that was consid-
ered inadequate, in order to transform it, thus giving it 
the ideal shape connected with the desired use. Either way, 
flakes showing evidence of retouch clearly represent the 
true wish of the craftsman.

Definition of the Flaking Sequence

Cores

The 76 cores identified in locality WKO013A of Lapita can 
be separated in three main categories: conical (36%), bi-
conical (29%) and polyhedral (34%) (Fig.2). If we focus 
on length and shape of the cores, it can be noticed that 
the conical and bi-conical ones are much smaller than the 
polyhedral ones. They are generally quite small (30–45mm 
on average) but the small size of raw jasper blocks leads to 
think that the flaking system must have been simple.

Polyhedral cores are generally large and bear negatives of 
larger flakes, as well as frequent evidence of the nearby 
cortex. Therefore their general aim, as well as their place in 

a unique chaîne opératoire must have been different from 
conical and biconical cores. Both these later types have the 
same general proportions, and show removal negatives 
of the same type and size, leading us to think that their 
aim was common. In conclusion, conical and biconical 
cores demonstrate the same way of controling volume and 
production. The removal negatives (and therefore possible 
tools) tend to be more and more specific in their chara-
teristics as the sequence goes on, starting from thick and 
quadrangular to thinner and triangular shaped flakes.

The debitage sequence here seems to be permanent, circu-
lar and revolving, without preparation of a striking plat-
form, thus corresponding to a chain that has been refered 
to as ‘discoid’ (Boëda 1993: 393). This allows the craftsman 
to obtain a maximum number of small, yet generally tri-
angular flakes through constant centripetal and recur-
rent removals, nearly equivalent to the global capacity of 
the original jasper block. This system maximizes volume, 
while the main chain remains constant throughout the 
debitage sequence (Fig. 3). This data allows us to place the 
polyhedral cores as remains corresponding to the begin-
ning of the sequence. Their larger scale could signify that 
they represent a particular point in time, when the core 
was put into shape, to become conical or biconical (Fig. 4).
They can be considered as the remnants of the initial phase 
of the discoïd progression, even though these particular 
pieces were discarded for a number of reasons already 
mentionned. The discarded cores might also have been 
used to obtain just a couple of flakes, when the craftsman 
had the opportunity of flaking directly on a raw piece of 
rock which posessed the ideal morpho-technical criteria 
(relative convexity, naturally broken striking platform), in 
order to obtain a blank tool for an immediate purpose. 
Large cortical flakes sometimes also correspond to that 
particular phase of debitage.

In conclusion, these two forms can be placed in the same 
‘discoid’ debitage sequence: obtaining a few blank tools, 
as the result of an opportunistic vision of the raw jasper 
block; putting the core into triangular shape, conical or 
biconical, to which correspond larger flakes with little 
constancy concerning shape; finally, serial production 
of progressively smaller and smaller triangular flakes of 

Figure 2. Different types and sizes of cores uncovered (top: 
polyedrical, bottom left biconical, showing an alternative 
striking ridge, bottom right: conical, showing a unique strik-
ing ridge).

Figure 3. Variation in maximum length of conical, biconical 
and polyedrical cores.
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pseudo-Levallois type, with rather homogenous shape un-
til discard of the core (Fig. 5).

Flakes

The retouched flakes discovered in locality WKO013A of 
Lapita are of two distinct categories. Firstly, macro-tools, 
which are defined as 25–35 mm in length, and secondly 
micro-tools, about 10–15 mm in length.2 As the cores had 

already shown us, larger tools (connected with the begin-
ning of the sequence) are also longer and thus roughly 
quadrangular. Shorter tools, triangular and related to the 
end of the flaking sequence (Fig. 5), tend to be very nar-
row. Cortical or not, the bigger flakes are generally scrap-
ers, but also dentate or notched flakes. Several gravers, a 
tool type defined by P. Sheppard in his work on the lithic 
industry in the Reef/Santa Cruz Islands Lapita sites (Shep-
pard 1992: 150), have been found in locality WKO013A of 
Lapita (Fig. 6). Two of them in obsidian have already been 
published for New Caledonia (Sand and Sheppard 2000: 
Fig. 2), but several others (13) have now been identified in 
local jasper or phtanite. The type of retouch observed on 
the flakes, clearly stepped, seems to have been made by 
percussion with a hard rock (Bordes 1961: 19).

Figure 4. Schematic presentation of the discoïd flaking sequence on a biconical nucleus.

Figure 5. Discoïd flaking sequence adapted to New Caledo-
nian jasper.

Figure 6. Diagram mixing width and length criteria on flakes 
from locality WKO013a.

2 The flaked stone tools produced in locality WKO013A of Lapita 
can be subdivided into the following tools: Drills 47% (148), 
Scapers 32% (101), Dentate Flakes 5% (14), Gravers 4% (13), 
Notched Flakes 3% (11), Rounded Scrapers 2% (7), others 7% 
(23).



62

Lagarde & Sand – Simple Technique, Elaborate Tools : Lapita flaked stone tools in New Caledonia

Nearly half of the tool production can be classified in the 
‘drill’ category (47% of the collection). These drills belong 
to the micro-tool category if we consider the size of the 
actual archaeological artefacts (Fig. 7). It is clearly notice-
able that the retouch on these flakes is stepped (sometimes 
scaled), indicating probable direct percussion with a hard 
hammer. This almost vertical retouch has led, over con-
stant resharpening and repair, to give to these flakes origi-
nally of flat cross section, a rectangular and thus much 
more solid cross section. Hence our denomination of 
these tools as drills, even though their actual use remains 
unknown until traceology studies are undertaken. In other 
words, the archaeological finds may represent the discard 
phase of the tools rather than their full utility phase: thus, 
if we consider the shape of theses drills, and the difficulty 
of obtaining such fine general shape for new tools through 
the use of a discoïd knapping sequence, we can under-

stand the need of Lapita craftsmen for constant repair of 
their used tools. These tools were probably originally of 
larger shape and through constant retouch, leading from 
repair to morphological change, they gained a square or 
rectangular section (Fig. 8).

New Caledonian Flaking

In his comparative survey of New Caledonian flakes from 
four sites of the first millennium BC, Forestier had already 
defined a discoid method regulating tool production (For-
estier 1994, 1999: 345–362). Although Forestier had noticed 
the production of macrotools, the micro-tools from lo-
cality WKO013A of Lapita appear to be absent from the 
collections he studied. The cores studied by Forestier bear 
removal negatives of small size (Forestier, 1994), although 
no retouched tool derived from a corresponding flake was 

Figure 7. Macro-tools (top row: racloirs (thin scrapers), second row: grattoir, thicker convex scraper, third row: gravers, 
bottom row: points) from locality WKO013a.
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present in the collections he studied. The absence of these 
small tools is most probably related to the absence of fine 
sieving in older excavations.3

A number of differences are nevertheless identifiable 
throughout the lithic assemblage of the New Caledonian 
archipelago. One reason is that acces to raw material varies 
considerably between sites. Even though different types of 
chert debris or tools are found in early sites of the Loyalty 

Islands (Sand 1999: 317–318), these islands are uplifted fos-
sil coral reefs, where knappable raw material such as silici-
fied chert, rock crystal or even flakable basalt cannot be 
found. On the contrary, the geological nature of mainland 
New Caledonia (known as Grande Terre) is rich in the 
presence of the highly silicified sedimentary rock debris 
found in Lapita sites throughout the Loyalty Islands. This 
implies the existence of imports and exchange processes 
during the first millenium BC between the different re-
gions of the New Caledonian archipelago (Sand 1996: 57; 
2010: 211–234). Data obtained through the study of lithic 
material unearthened on the Lapita site KVO003 of St-
Maurice/Vatcha (Sand 1999) is similar. On Isle of Pines, 
south of Grande Terre, where only orange jasper could 
be collected, non indigenous green-blue radiolarite and 
black jasper were mostly used, showing evidence of ex-
change mechanisms with the mainland at the beginning 
of the 1st millennium BC. Not surprisingly, flakes in these 
limestone or small islands contexts are almost only micro-
tools (Sand 2010: 172). Rarity, difficult access, higher value 
of the raw material led to the use of the discoïd method, 
the cores being striked until near-total exhaustion of the 
original piece of chert, leading to smaller and smaller re-
movals. This, combined with constant resharpening led 
to extremely small and yet over-retouched tools before 
discard (Fig. 9).

New Caledonian flaked tools can therefore be defined as 
a coherent flaking set formed of tools of higher quality as 
their size diminishes, the crude quality of the larger tools 
being compensated by the polished stone adzes whose 
minimal size corresponds to the average length of the 
macro-tools (Fig. 10) (Lagarde 2004; Sand 2010: 173–176). 
Adzes of all sizes also helped daily life, to the prejudice of 
flake quality and size. The discoïd knapping method gives 
quite foreseeable results, which could end up in highly 
specified tools. Nevertheless, uncovered lithic artefacts 
show that there was no need to produce larger tools with 
a formally refined shape or aspect. Natural or social con-
straints did apparently not create in the craftsman’s mind 
the need to sharpen his approach or method, nor to en-
hance his flaking technique. Easy access to the sea gave a 
number of natural shells scrapers, Pinctada margaretifera 
shells being for example still used during the traditional 
period as yam knives by the Kanaks (Sarasin 2009: 103, 
plate 10). Sharp pieces of bamboo could also replace a 
number of stone tools. There was therefore probably lit-
tle need for flaking of very large tools. On the other hand, 
it clearly appears from our data that smaller tools were 
prepared in large numbers. As bone studies have revealed 
the existence of large-bodied local species as part of the 
diet of the first Lapita settlers (Sand 2010: 202–204), small 
sharp points may have been used as armatures for hunting 
(Frimigacci 1980: 9), although most must have been drills 
for arbands and shell beads (Sand 2010: 171).

Discussion and conclusion

As part of our study of flaked material, we have defined 
the discoïd chaîne opératoire, linking cores and flakes 

Figure 8. Micro-tools from locality WKO013a of Lapita (top: 
alternate retouch, bottom: uniface retouch).

3 Large sieves (or no sieves) where used during the first dec-
ades of Pacific archaeology, preventing the collection of small 
flaked pieces. On locality WKO013A of Lapita, the undisturbed 
layers have been water sieved with 2mm mesh, which has al-
lowed to uncover the rich ensemble of finely flaked pieces, and 
consequently enabled to fully understand the previously un-
derestimated debitage sequence
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Figure 9. Alteration process on a triangular discoïd flake.

Figure 10. Stone tool industry diagram for New Caledonia.

from Lapita sites in New Caledonia. Furthermore, we have 
shown that this process was used throughout the first mil-
lennium BC in all sites of the New Caledonian archipelago. 
Through very fine screening of Lapita-age sediments, we 
have identified cores of conical, biconical and polyhe-
dral form and rough and hardy macro-tools, and a great 
number of finely made micro-tools. These undoubtedly 
represent an essential aspect to the understanding of the 
complete Lapita flaking process and of the related manu-
facturing skills.

Dentate-stamped Lapita pottery has been considered as 
the main cultural marker by archaeologists working in the 
Western Pacific for the past 60 years (Sand and Bedford 
2010). The discoid flaking method that we have defined 
here appearing common to all of the New Caledonian ar-
chipelago sites, it is worth looking at regional comparisons. 
Several authors are of the opinion that silicieous cores 
from Lapita sites of Melanesia are linked to bipolar percus-
sion (Kirch 1982: 267; Allen and Bell 1988: 96). There is little 
agreement on the subject (Sheppard 1993: 122), especially 
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as no experimentation was conducted on this type of raw 
material. But as far as description goes, it seems highly 
likely that a discoïd method was used on cores found in 
the Reef/Santa Cruz Lapita sites (Sheppard 1993: 129), for 
example, who bear similar core shapes as the ones uncov-
ered in New Caledonia (conical, biconical, and polyhe-
dral). A similar flaking sequence might also be identified 
in Western Polynesia. On Niuatoputapu for example, P.V. 
Kirch uncovered a rich collection of flakes, whose shape 
and technical characteristics seem close to those we have 
defined for New Caledonia (Kirch 1988: 217). Further afield 
in Island Southeast Asia, microtools typologically similar 
to those found in New Caledonia have been identified in 
North-Eastern Borneo (Bellwood pers. com. 2000). These 
few examples show the need for detailed studies on some 
large collections with the same analytical protocols, tak-
ing into account sampling methods (see Spriggs 1997: 13) 
and sieving processes (cf. Pavlides 1999). Until then, gen-
eralization on a regional level about flaking methods will 
not be very conclusive, as a similar tool can be the result 
of different flaking methods and even be the result of a 
different volumetric structure and conception of the core 
itself (Boëda 1993: 393).

In New Caledonia, flaked tools are essentially of siliceous 
rocks, the regional term of ‘chert’ being subdivided in spe-
cific local categorises like jasper, radiolarite or phtanite, 
due to the unique geological specificities of Grande Terre. 
As adaptation to raw material must have partly regulated 
the craftsman’s technological choices, any regional per-
spective on the use of the discoid flaking method (espe-
cially on obsidian and basalt) will only be possible after re-
newed analysis on other Lapita collections thoughout the 
Western Pacific. It is only then that we may gain a better 
understanding of the homogeneity or diversity of Lapita 
flaking techniques 3000 years ago.

Acknowledgments

We would like to thank the three Provinces of New Cal-
edonia for their agreement to excavate a number of Lapita 
sites throughout the archipelago, and especially the north-
ern Province for its financial involvement in the study of 
locality WKO013A of Lapita. We would also like to thank 
our colleagues Jacques Bolé, André-John Ouetcho and Da-
vid Baret, for the time-consuming task of sorting out the 
3 tons of sieved sediments of WKO013A and Jean-Marie 
Wadrawane for the vectorization of previously drawn lith-
ic material. Our thanks to P. Sheppard for a first review of 
an early draft of this paper.

References

Allen M.S. and Bell G., 1988. Lapita flaked stone assemblages: 
Sourcing, technological, and functional studies, in Kirch, 
P.V. and Hunt, T.L. (eds) Archaeology of the Lapita Cultural 
Complex: A critical review, pp.83–98. Seattle: Thomas Burke 
Memorial Washington State Museum Research Report No.5

Boeda E., 1993. Le débitage discoïde et le débitage Levallois récur-
rent centripète. Bulletin de la Société Préhistorique Française, 

90(6): 392–404.
Bordes F., 1961. Typologie du Paléolithique ancien et moyen. Bor-

deaux.
Cayrol F., 1982. Première approche de l’outillage lithique sur éclat 

en préhistoire néo-calédonienne, unpublished masters thesis, 
Université Paris I.

Chiu S., 2003. The Socio-economic Functions of Lapita Ce-
ramic Production and Exchange: A Case Study from Site 
WKO013A, Koné, New Caledonia, unpublished PhD disser-
tation. Berkeley: Department of Anthropology, University 
of California.

Forestier H., 1994. Contribution à la connaissance du peuplement 
du Pacifique Sud-Ouest. L’industrie lithique des premiers 
mélanésiens de Nouvelle-Calédonie: Etude du site de Naïa 
(Province Sud) et quelques éléments de comparaison avec 
la région de Koumac (Province Nord). Paris: unpublished 
D.E.A., Muséum National d’Histoire Naturelle.

Forestier H., 1996a. New Evidence of a Stone Tool Technology in 
New Caledonia. Bulletin of the Indo-Pacific Prehistory As-
sociation 14: 68–72.

Forestier H., 1996b. L’industrie lithique des premiers Mélanésiens 
de Nouvelle-Calédonie. Journal de la Société des Océanistes 
102: 71–89.

Forestier H., 1999. Concept and Method in Lithic Production 
during Lapita Period in New Caledonia: a Technological 
Analysis, in Galipaud, J.A. and Lilley I. (eds) The Pacific from 
5000 to 2000 BP/ Le Pacifique de 5000 à 2000 avant le present, 
pp. 345–362. Paris: IRD.

Frimigacci D., 1980. Localisation éco-géographique et utilisation 
de l’espace de quelques sites Lapita de Nouvelle-Calédonie: 
essai d’interprétation. Journal de la Société des Océanistes 
66–67: 5–11.

Gifford E. and Shutler R. Jr., 1956. Archaeological Excavations in 
New Caledonia. Berkeley: University of California Press.

Kirch P.V., 1988. Niuatoputapu, The Prehistory of a Polynesian 
Chiefdom. Seattle: Thomas Burke Memorial Washington 
State Museum, Monograph 5.

Kirch P.V., 1997. The Lapita peoples: Ancestors of the oceanic world. 
Oxford: Blackwell.

Kirch P.V. and Yen D.E, 1982. Tikopia: The Prehistory and Ecology 
of a Polynesian Outlier. Honolulu: Bernice P. Bishop Mu-
seum Bulletin 238.

Lagarde L., 2004. Le matériel lithique du site WKO013A: premiers 
résultats et comparaisons avec le matériel d’autres sites an-
ciens de Nouvelle-Calédonie, unpublished D.E.A., Univer-
sité Paris I.

Leroi-Gourhan A., 1964. Le Geste et la Parole. I, Technique et lan-
gage. Paris: Albin Michel, collection, Sciences d’Aujourd’hui.

Pavlides C., 1999. The Story of Imlo: The Organisation of Flaked 
Stone Technologies from the Lowland Tropical Rainforest 
of West New Britain, Papua New Guinea. Melbourne: Un-
published PhD Dissertation, La Trobe University.

Sand C., 1996. Le début du peuplement austronésien de la Nou-
velle-Calédonie: données archéologiques récentes. Nouméa: 
Les cahiers de l’archéologie en Nouvelle-Calédonie 6.

Sand C., 1998a. Archaeological Report on Localities WKO013A 
and WKO013B at the Site of Lapita (Koné, New Caledonia). 
Journal of the Polynesian Society 107: 7–34.

Sand C., 1998b. Recent Archaeological Research in the Loyalty 
Islands of New Caledonia. Asian Perspectives 37 (2): 194–223.



66

Lagarde & Sand – Simple Technique, Elaborate Tools : Lapita flaked stone tools in New Caledonia

Sand C., 1999. The Beginning of Southern Melanesian Prehis-
tory: The Saint-Maurice-Vatcha Lapita Site, New Caledonia. 
Journal of Field Archaeology 26: 307–323.

Sand C., 2010. Lapita calédonien. Archéologie d’un premier peuple-
ment insulaire océanien. Paris: Travaux océanistes 2, Société 
des océanistes.

Sand C. and Bedford S., (eds) 2010. Lapita, Ancêtres océaniens/ 
Oceanic ancestors. Paris: Musée du Quai Branly.

Sand C. and Kirch P. V., 2002. ‘Lapita was name of village at this 
site’, Edward W. Gifford and Richard Shutler Jr’s Archaeo-
logical Expedition to New Caledonia in 1952/L’Expédition 
archéologique d’Edward W. Gifford et de Richard Shutler 
Jr en Nouvelle-Calédonie en 1952. Nouméa Les cahiers de 
l’archéologie en Nouvelle-Calédonie 13.

Sand C. and Sheppard P., 2000. Long Distance Prehistoric Obsid-
ian Imports in New Caledonia: Characteristics and Meaning. 
C.-R. Acad. Sci. Paris 331: 235–243.

Sarasin F., 2009. Ethnographie des Kanak de Nouvelle-Calédonie 
et des Iles Loyauté. Paris. (translation and reprint of the 1929 
volume, Ethnologie der Neu-Caledonier und Loyalty-Insu-
laner, Münich).

Sheppard P., 1992. A Report on the Flaked Lithic Assemblages 
from Three Southeast Solomons Lapita Sites (SE-SZ-8, SE-
RF-2, and SE RF-6), in Galipaud, J.C. (ed.) Poterie Lapita et 
peuplement. Actes du colloque Lapita, pp. 145–153. Nouméa: 
ORSTOM.

Sheppard P., 1993. Lapita Lithics: Trade/Exchange and Technol-
ogy. A view from the Reefs/Santa Cruz . Archaeology of Oce-
ania 28: 121–137.

Sheppard P., 2010. La technologie lithique Lapita/Lapita Stone 
Tool Technology, in Sand, C. and Bedford, S. (eds) Lapita, 
Ancêtres océaniens/ Oceanic ancestors, pp.240–251. Paris: Mu-
sée du Quai Branly.

Spriggs M., 1997. The Island Melanesians. Oxford. Blackwell.
Summerhayes G., 2000. Lapita Interaction. Canberra: Terra Aus-

tralis 15, Australian National University, Center for Archaeo-
logical Research.

Szabo K., 2010. Les objets en coquillage Lapita et leurs techniques 
de fabrication, in Sand, C. and Bedford, S. (eds) Lapita, An-
cêtres océaniens/ Oceanic ancestors, pp.226–239. Paris: Musée 
du Quai Branly.



67

Identification of Volcanic Glass Sources Inferred 
from Geochemical Analysis of Artifacts 

on Leeward Hawai‘i Island

Steven P. Lundblad,1 Peter R. Mills,2 Mark D. McCoy,3 Jennifer G. Kahn,4 
Katherine Mulliken,1 & Dane Kaylor1

1 University of Hawaii-Hilo, Deptartment of Geology
2 University of Hawaii-Hilo, Deptartment of Anthropology
3 University of Otago, Deptartment of Anthropology and 

Archaeology
4 Bishop Museum, Honolulu, HI, currently Anthropology 

Department, College of William and Mary

Introduction

As on many Polynesian islands, high quality raw material 
for stone tools in the Hawaiian archipelago was limited. In 
pre-contact Hawai‘i this included coral, basaltic lava, and 
volcanic glass. Basaltic volcanic glass, sometimes referred 
to as tachylite, forms by the rapid cooling of lava, and has 
few, if any, crystals and no corresponding internal crys-
tal structure. Rarer in Hawai‘i is high silica volcanic glass 
from trachyte cones (alkaline rocks with SiO2% >58%). 
Absent in Hawai‘i is obsidian, volcanic glass typically rhy-
olitic in composition (SiO2% >65%) Extensive database 
development for Hawaiian stone tool quarries expands 
evaluation of the extent of lithic resource distributions 
on individual islands, between the Hawaiian Islands, and 
among other archipelagos. Delineation of the production, 
distribution, and exchange of stone tool resources is cen-
tral to formulating and testing hypotheses on prehistoric 
Hawaiian, indeed Pacific, economics and social organiza-
tion (Collerson and Weisler 2007; Earle 1977, 1997a, 1997b; 
Lass 1994; Mills 2002; Mills et al. 2011; Withrow 1990). 

Basalt in Hawai‘i was used for a variety of tools both large 
and small, and is the scope of many of the provenance 
studies in the region (e.g. Collerson and Weisler 2007; 
Weisler 1990a, 1993; Lundblad et al. 2008; Mills et al. 2011; 
Mintmier et al. 2012; Sinton and Sinoto 1997; Skinner 1999). 
Volcanic glass, conversely, was limited to a few small, in-
formal tools types, typically scrapers or multi-purpose 
cutting tools (Schousboe et al. 1983). While it has been 
estimated that there may be as few as 20 geologic sources 
of archaeological volcanic glass in the island chain (Olson 
1983), there are thousands of potential sources for volcan-
ic glass from the chilled margins of lava flows and dikes 
(Weisler 1990b), and consequently, individual geographic 

locations (e.g. quarry sites) are difficult to distinguish. 
One of the major problems with provenance studies of 
volcanic glass in Hawai‘i is the ubiquity of source material 
throughout the archipelago. Weisler (1990b) documented 
two sources of volcanic glass near the Maunaloa summit 
in West Moloka‘i produced along the chilled margins of 
dikes. These two sources were geochemically character-
ized using electron microprobe analysis and found to 
be distinct from other known sources of volcanic glass 
in the study area with respect to major element oxides. 
More recently, Williams (2004) described a chilled-glass 
surface quarry on a relatively recent Mauna Loa flow 
(1650–1750 AD) within the Pohakuloa Training Area. Mc-
Coy (2011) described the trachytic source at Pu‘u Wa‘awa‘a 
(PWW) in the north Kona district on the leeward side of 
Hawai‘i Island. The small size of volcanic glass artifacts is 
due to their origin in Hawaiian volcanoes as part of rela-
tively recent lava flows with thin chilled margin surfaces 

~10 mm (Williams 2004), and the margins up to 30 mm 
wide of intrusive rocks, most commonly dikes (Weisler 
1990b). Larger cores can be found at the trachytic dome of 
PWW. While there are other sources of trachyte in Hawai‘i 
(e.g. West Maui Volcano), there are no associated docu-
mented volcanic glasses from these sources. 

Methods

Geochemical characterization of archaeological material 
is a common component of provenance and technologi-
cal studies (e.g. Weisler and Collerson 2007, Kirch et al. 
2012, Weisler and Kirch 1996, Lebo and Johnson 2007). 
There are a number of geochemical methods employed 
in the characterizing archaeological lithic material. We 
choose Energy-Dispersive X-Ray Fluorescence (EDXRF) 
for chemical characterization due to its non-destructive 
nature, short preparation and analysis time, and ease of 
use, allowing us to document the geochemistry of the 
complete suite of samples from a given site to assess the 
diversity and temporal variation of lithic material found 
therein. The EDXRF is a valuable tool to ask and answer 
more specific questions about these relationships, allow-
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ing analysis of many samples without damage to culturally 
significant materials.

In this study we document three geochemical groups of 
volcanic glass on Hawai‘i Island found in domestic assem-
blages and compare the results from standard laboratory 
XRF (Thermo QuanX™ EDXRF at the UH-Hilo Geoar-
chaeology lab) with Portable X-Ray Fluorescence (PXRF) 
(BrukerAXS™ EDXRF at the University of Otago). More de-
tails of analytical conditions and procedures can be found 
in Lundblad et al. (2008) for the UHH spectrometer, and 
McCoy et al. (2011) for the Otago spectrometer.

There are ample provenance studies of obsidian (e.g. 
Shackley 1988, Hughes 1998, Glascock et al. 1998, Craig 
et al. 2007) that indicate XRF can discriminate sources. 
Critical to any meaningful provenance study is the iden-
tification and characterization of all potential sources and 
geochemical condition that the intra-source variation is 
smaller than the compositional differences measured be-
tween sources (Glascock et al. 1998). This is difficult to 
accomplish for volcanic glass in the Hawaiian Islands, due 
to the many potential small sources. The main difference 
for our study is the identification of geochemical sources 
as opposed to geographic sources, as is often done when 
identifying sources for obsidian. This is mainly due to 
the origin of the material. While rhyolite domes are of-
ten single geographic entities, the widespread nature of 
basalt flows in Hawai‘i often precludes geographic deter-
mination. We therefore take a different approach for this 
study, analyzing 1576 pieces of volcanic glass from leeward 
Hawai‘i Island archaeological sites in order to determine 
the number and geochemical character of geochemical 
groups affiliated with these sites (Fig. 1). Samples analyzed 
for this study originated from the Southpoint (Ka Lae) 
area (H1, H2, H8-Bishop Museum, n=428), the Kahalu‘u 
Rock Shelter (50–10–37–7702-UH-Hilo, n=278) and the 
Ane Keohokalole Highway (AKH) Data Recovery Project 
(Pacific Legacy, Inc., n=187) near Kailua-Kona, the Keone 
‘ele Cove (50–10–47–4137; PUHO 13, Structure II) and the 
low calcareous dune fronting Paumoa (PUHO-032; Bishop 
Museum Site H48) within Pu‘uhonua o Hōnaunau Na-
tional Historical Park (IARII-Rieth 2010, 2011, n=581), sam-
ples collected during the Hawai‘i Archaeological Research 
Project (HARP) Archaeological Field School in North Ko-
hala (n=99), and sites within the Pohakuloa Training Area 
on the saddle between Mauna Loa and Mauna Kea (PTA, 
n=197).

There is only one known source of large pieces of volcanic 
glass on Hawai‘i Island at PWW on the Hualalai volcano. 
Pebble and cobble sized pieces of volcanic glass fragments 
can be found there, and recent analysis found the average 
core size as approximately 5 cm × 4 cm × 3 cm (McCoy 
2011). It has a distinctive composition in Hawai‘i (trachyte) 
and therefore is easy to identify using a number of differ-
ent geochemical techniques including EDXRF. Other vol-
canic glass sources produce significantly smaller cores of 
volcanic glass. Due to the large number of potential geo-
graphic sources, they are difficult to pinpoint to a specific 

location. We therefore assign these geochemical groups 
only to the level of source volcano. 

Hawaiian volcanoes systematically change their composi-
tion as they pass over and move away from their mantle 
hotspot source. Geochemical and isotopic differences also 
develop between shields in the chain (Frey and Rhodes 
1993). Consequently, there are significant long-lived differ-
ences between some incompatible element ratios such as 
Zr/Y, Sr/Y, Zr/Nb and Sr/Nb for these shields. These differ-
ences can be used to distinguish the geochemically distinct 
tholeiitic basalt of Kilauea and Mauna Loa volcanoes on 
Hawai’i Island (Frey and Rhodes 1993).

Volcanic glass trace element values determined by EDXRF 
are measurably affected by sample sizes smaller than 10 
mm diameter and thicknesses less than 1.2 mm (Davis et al. 
1998, 2011). For smaller artifacts, the measured concentra-
tions are below actual values (Lundblad et al. 2008). For 
basalt in Hawai‘i, this relationship between artifact size 
and measured composition makes assignment of small 
pieces of debitage to the many geochemical groups present 
problematic using EDXRF. Several advantages of the situa-
tion on Hawai‘i Island, however, allow these small volcanic 
glass samples to provide useful sourcing information.

Hawai‘i Island has limited geochemical sources of vol-
canic glass material, contains one source (PWW) that is 
geochemically distinct from all other potential sources, 
and is very isolated geographically, reducing the potential 
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Figure 1. Location map identifying sample localities and 
volcanoes of Hawai‘i Island. Sites are abbreviated as follows:  
AKH-Ane Keohokalole Highway, HaRP-Hawai‘i Archaeological 
Research Project, PTa-Pohakuloa Training Area, PUHO-
Pu‘uhonua o Honaunau National Historical Park, PWW, Pu‘u 
Wa‘awaa trachyte cone.
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for long-traveled material. Despite the fact that Weisler 
and Clague (1998) hypothesize that there are a few pieces 
of volcanic glass that were exchanged between O‘ahu and 
Moloka‘i and identified a volcanic glass flake on Molokai‘i 
interpreted to be from the Mauna Kea Adze Quarry, inter-
island exchange of volcanic glass appears to be quite rare. 
Consequently, for volcanic glass in Hawai‘i, once the geo-
chemical sources have been determined from adequately 
sized material, proportions of each source can be quanti-
fied by determining the ratio of trace element concentra-
tions with some confidence. This ratio of trace element 
compositions, proportional to the net count rate ratio, re-
mains consistent despite the overall decrease in calculated 
concentration, similar to findings for tiny obsidian flakes 
by Hughes (2010). While there may be similar ratios of 
trace elements from other geochemical sources not yet 
identified in East Hawai‘i, the likelihood is small, based 
on the analysis of 939 archaeological samples of adequate 
size (>1 cm × 1 cm) for this study. 

Abundance ratios such as K/Nb, Sr/Nb, and Zr/Nb are 
nearly uniform in genetically related basalts, and thus are 
excellent inter-shield discriminators (Rhodes et al. 1989). 
In our analysis of Hawaiian volcanic glass, samples of 
adequate size have led us to identify three sources, and 
smaller-sized debitage can be assigned to the geochemi-
cal groups defined by these larger pieces. The elemental 
ratios of the geochemical groups provide information by 
which we assign the artifacts to source volcanoes. Similar 
decreases in major elemental concentrations occur in the 
analysis of samples that are small, but without the consist-
ency found in the trace element data. 

There are other examples of geochemical sources with the 
same ratio of selected elements, but with differing concen-

trations, such as obsidian sources in the North American 
Southwest. For example, the Antelope Wells and Los Sitios 
del Agua sources have identical elemental ratios but very 
different trace element concentrations, leading to poten-
tial incorrect assignment to source areas (Martynec et al., 
2010; Shackley 1988, 2005, 2010). We feel that we do not 
have this problem for volcanic glass found on Hawai‘i Is-
land for the reasons outlined above, but preliminary data 
from other Hawaiian islands indicates that similar ratios 
of trace elements can be found through the Hawaiian ar-
chipelago with differing absolute trace element concentra-
tions. We hope to identify and avoid this potential issue by 
analyzing adequately sized pieces of volcanic glass as con-
trols from a variety of sources throughout the archipelago.

Results

We identify three volcanic glass geochemical groups on 
the leeward (western) side of Hawai‘i Island by major and 
trace element geochemistry. Due to the small size of much 
of the volcanic glass in Hawaii, many artifacts are below 
the minimum size required for reliable analysis of chemi-
cal composition by non-destructive EDXRF (Davis et al. 
2011; Lundblad et al. 2008). We analyzed all available vol-
canic glass artifacts from the selected archaeological sites. 
Samples smaller than 10 mm diameter were run for ‘mid-Z’ 
trace elements only (Rb, Sr, Nb, Zr, Y) as these elements 
are less affected by sample size than the lighter elements.

Although calculated concentrations for the small samples 
are too low to be reliable indicators of geochemical com-
position, we can confidently assign each piece to one of the 
3 geochemical groups based on the ratio of measured trace 
element concentrations (Fig. 2). 
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Figure 2.  Bivariate plot of trace element ratios Y/Zr vs Sr/Zr for all volcanic glass data. Note that the small artifacts (<1 × 1 
cm) tend to add variance to each cluster.  Abbreviations for sites are the same as in figure 1.
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Group 1 volcanic glass is consistent with the Pu‘u Wa‘awa‘a 
cone, located on leeward Hawai’i Island. It was formed as 
a result of trachyte eruptions from the Hualalai Volcano 
which occurred between the end of tholeiitic basaltic vol-
canism and the onset of alkalic basaltic volcanism (Moore 
and Clague 1992; Cousens et al. 2003). PWW contains the 
oldest surface flows on the volcano, dated at 106 ± 6 kya 
(Cousens et al. 2003). It stands 245 meters high and is 
surrounded by younger alkalic basalt flows (Clague 1987; 
Clague and Bohrson 1991). It is easily identifiable by its 
major and trace element concentrations. The average of 
380 large (>1 cm × 1 cm) artifacts assigned to this group 
have the following trace element concentrations: Rb 134 
ppm, Sr 35 ppm, Y 59 ppm, Zr 1050 ppm, Nb 135 ppm. 
Mean trace element ratios of Y/Zr*100 = 5.6 (s = 0.3) and 
Sr/Zr*100 = 3.3 (s = 0.7) are, not surprisingly, very different 
from the other groups. Small artifacts maintain the same 
trace element ratios, and are assigned to this group based 
on these ratios. Table 1 summarizes these elemental com-
positions and compares them with analyses using WDXRF 
(Cousens et al. 2003) and that using PXRF (McCoy 2011). 
While there is considerable instrumental offset between 
these different studies, the PWW geochemical signature 
remains distinctive.

Group 2 contains 495 large artifacts with the following av-
erage trace element concentrations: Rb 8 ppm, Sr 299 ppm, 
Y 26 ppm, Zr 142 ppm, Nb 11 ppm. Mean trace element 
ratios are Y/Zr*100 = 18.2 (s = 1.6) and Sr/Zr*100 = 211.8 
(s = 16.4). These ratios are generally higher than those for 
group 3. Average values for major and trace element data 
can be found in table 1. Group 2 artifacts are generally 
higher in CaO, Al2O3, and TiO2, and lower in Na2O, K2O, 
and FeO (total) than those from Group 3.

Group 3 contains 54 large artifacts with the following aver-
age trace element concentrations: Rb 18 ppm, Sr 331 ppm, 
Y 46 ppm, Zr 301 ppm, Nb 26 ppm. Mean trace element 

ratios of Y/Zr*100 = 15.2 (s = 0.8) and Sr/Zr*100 = 110.0 
(s = 2.8) are lower than those from Group 2. Diagnostic 
values for this group are approximately equal values for 
Sr and Zr (in contrast to Group 2 with an approximate 2:1 
ratio of Sr to Zr), and concentrations for these elements 
near 300 ppm. Average values for major and trace element 
data can be found in table 1.

Distinguishing between Adjacent Shield 
Volcanoes: Mauna Loa and Kilauea

Based on the analysis of over 900 volcanic glass samples 
for this study, we find no evidence for an influx of vol-
canic glass from other islands. While, inter-island trans-
port of volcanic glass has been documented in small 
numbers (Weisler and Clague 1998, McCoy and Codlin 
2012), non-Hawai‘i Island geochemical groups are not 
recognized in these sample sets. We therefore attempt to 
distinguish between the two most likely shield volcanoes 
that act as sources of volcanic glass on the island. Mauna 
Loa and Kilauea are adjacent tholeiitic shield volcanoes 
on Hawai’i Island with distinct geochemistries (Frey and 
Rhodes 1993). In distinguishing between the Kilauea and 
Mauna Loa volcanoes, Kilauea lavas are generally enriched 
in incompatible elements K2O, TiO2, Rb, Sr, Zr, and Nb 
(Frey and Rhodes 1993). We follow the convention of Frey 
and Rhodes (1993) in plotting compositions of all samples 
of adequate size vs. MgO due to the wide range in MgO 
content of Hawaiian shield lavas. This range is thought to 
result from olivine accumulation and segregation in the 
magma. 

Group 2 volcanic glass is consistent with a Mauna Loa vol-
canic source, with Sr concentrations generally less than 
340 ppm, Rb < 10 ppm, and Nb < 13 ppm. Incompatible 
element concentrations are lower than those for Group 
3 lavas listed below for a given MgO% (Fig. 3). Variance 
within the group is larger than that for Group 1 and 3, 

Group 1 Na2O Al2O3 SiO2 K2O CaO FeO (tot) TiO2 Rb Sr Y Zr Nb

UHH EDXRF
N=380 

S.D.
6.90
1.10

15.0
2.0

60.0
9.0

4.30
0.70

0.9
0.7

4.43
0.50

0.70
0.10

134.0
8.0

35
8

59
3

1050
63

135
7

Otago PXRF
Ave.
S.D.

118.0
7.0

37
4

47
2

1061
64

99
5

WDXRF 6.95 17.3 60.9 4.71 0.8 4.60 0.36 131.0 30 56 981 141

Group 2 N=495
S.D.

1.90
0.40

10.4
1.7

46.0
7.0

0.50
0.10

9.9
1.2

8.40
1.80

2.10
0.30

8.0
2.0

299
30

26
2

142
14

11
3

Group 3 N=54
S.D.

2.90
0.80

9.5
1.7

46.0
8.0

0.80
0.10

5.4
1.3

10.10
1.20

3.20
0.70

18.0
2.0

331
30

46
5

301
26

26
3

BHVO-2
EDXRF

N=106
S.D.

2.40
0.20

13.4
0.9

48.0
3.0

0.60
0.01

11.0
0.2

11.50
0.25

2.70
0.10

11.0
1.0

382
10

26
2

183
5

19
2

BHVO-2
Accepted

2.22 13.5 49.9 0.52 11.4 11.10 2.73 9.8 389 26 172 18

Table 1. Select major and trace element average compositions of volcanic glass artifacts analyzed for this study.  Group 1 
data has been subdivided into analyses completed on the UHH EDXRF, the Otago PXRF (McCoy 2011), and compared with 
data from PWW analyzed by WDXRF (Cousens et al. 2003). Note that all samples analyzed by EDXRF at UH-Hilo were of 

sufficient size (1 x 1cm) for major and trace element analysis.
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consistent with the proposed origin from a number of 
different geographic locales. Trace element ratios show a 
greater variance for the small artifacts, further adding to 
the scatter in the data. Volcanic glass analyzed from the 
Pohakuloa Training Area on the Mauna Loa volcano all 
fall in this group, also indicating a likely Mauna Loa source. 
The analysis of volcanic glass from Hawai‘i Volcanoes Na-
tional Park (Kilauea volcano), however, demonstrated that 
this geochemistry dominates likely source areas, and is 
the predominant geochemical signature in archaeologi-
cal volcanic glass collected at HVNP (Mulliken et al. 2012). 
Consequently, we feel that this group represents a number 
of different tholeiitic shield-building lavas throughout 
Hawai‘i Island.

Group 3 volcanic glass is consistent with a Kilauea source, 
with Sr concentrations generally greater than 330 ppm, Rb 
concentrations between 10 and 20 ppm, and higher CaO, 
TiO2, and K2O at a given MgO concentration (Fig. 3). Al-
though our EDXRF analysis of SiO2 is not as precise as that 
of other methods, we consistently measure lower SiO2 val-
ues in Group 3 than from Group 2, also consistent with a 
Kilauea source. The average of 54 large artifacts assigned to 

this group have the following concentrations: Rb 18 ppm, 
Sr 331 ppm, Y 46 ppm, Zr 301 ppm, Nb 26 ppm.

The physical characteristics of some of the glass from 
Group 3 also indicate a Kilauea source. The blue color of 
the surface of the volcanic glass is consistent with P-type 
(pipe vesicle bearing) lavas documented at recent Kilauea 
eruptions (Wilmoth & Walker 1993; Oze, 1997). These 
lavas are characterized by thick and sparsely vesiculated 
outer glassy rinds. They are typically found on low-relief 
lava fields at the base of tumuli (Walker 1991) or associ-
ated with waning and collapsed lava tubes. The change in 
vesicle-size distribution between P-type and typical S-type 
(spongy) pahoehoe flows has been postulated as the result 
of an undercooled, supersaturated (wrt water and sulfur) 
melt from a higher pressure setting (Hon et al. 1994). The 
characteristic blue glassy rind is susceptible to weather-
ing and can quickly lose its color on the flow field (Oze 
1997). Major element geochemistry of P-type and S-type 
Kilauea lavas from recent lava flows are similar (Oze 1997), 
indicating the differences are primarily textural and result 
from the cooling and crystallization conditions. A signifi-
cant number of the larger volcanic glass flakes assigned 
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to Group 2 have a blue rind, while small pieces are often 
black. SEM analysis of these flakes indicates that the thin 
layer of glass with blue color is associated with elevated 
K2O relative to MgO, CaO, and FeO, while Al2O3 and SiO2 
are unaffected (Fig. 4). This thin blue layer on the Group 3 
volcanic glass is easily removed by the flaking process, thus 
not all of the flakes from Group 3 are blue in color. While 
it is certainly possible that P-type lavas have erupted on 
Mauna Loa over the past 1000 years, the geochemistry of 
these flakes makes Kilauea the likely source volcano for 
this group of P-type volcanic glass flakes.

Discussion

The distribution of volcanic glass artifacts from these 
three groups varies considerably by group. Group 1 (Pu‘u 
Wa‘awa‘a) volcanic glass debitage has been shown to fol-
low a model of access and exchange consistent with direct 

access day trips to the source, and generally linear decay in 
abundance from the source (McCoy et al. 2011). The South 
Point sites are an exception to this simple model, and Mc-
Coy et al. (2011) postulate that canoe voyaging may explain 
this anomaly (Fig. 5). 

Group 2 volcanic glass (Mauna Loa) is abundant at all 
sampled locations on the leeward side of the island, con-
sistent with the hypothesis that the geochemical group 
is likely sampling numerous geographic locations with 
closely related geochemical compositions (Fig. 5). Mauna 
Loa surface flows can be found throughout the Kona and 
South Kohala Districts, so this is the expected result. Loca-
tion of specific source material, on the other hand, is com-
plicated by the fact that historic eruptions cover 16% of the 
volcano, and approximately 40% of the volcano’s surface 
is covered by lava flows that are less than 1000 years old 
(Wolfe and Morris 1996).

Figure 4.  Photo, SEM photo, and elemental abundance of Group 3 volcanic glass artifact.  Note the thin blue layer on the 
surface of artifact.  Composition of blue outer layer is enriched in K relative to flake.
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Group 3 volcanic glass (P-type lava from Kilauea), on the 
other hand, is found in small numbers along the leeward 
coast, with the exception of the Pu‘uhonua o Honaunau 
sites, where it comprises 31% of the total. While this as-
semblage may only represent a few original pieces of raw 
material, they are significantly more abundant than at any 
other leeward site, and notably more abundant than at 
South Point sites (H1, H2, H8), despite the fact that these 
sites are significantly closer to Kilauea sources (Fig. 5). The 
distribution of Group 3 material at leeward sites could also 
indicate a source from a specific eruption of Mauna Loa 
with a rare geochemical composition. The recent activity 
at Mauna Loa and Kilauea, with over 90% of its surface 
covered in lava in the past 1100 years (Wolfe and Morris 
1996), makes definitive source assignment impossible.

Perhaps the archaeological setting at the PUHO sites can 
provide assistance. Recent archaeological excavations at 
the PUHO sites date from the mid-1600s to ca. AD 1800 
and include relatively rich assemblages of faunal remains, 
basalt and volcanic glass artifacts, and shell, bone, and 
sea urchin spine tools and ornaments. Oral histories and 
early historic accounts testify to the chiefly occupation of 
Keone‘ele Cove (Reith 2010, 2011).

Geochemical analyses of the basalt artifacts from these 
assemblages indicate a diversity of probable sources. 

These differences suggest differential access to basalt and 
resources for the contemporaneous residents of these 
neighboring areas. The presence of volcanic glass from the 
Kilauea volcano would be consistent with the wider scope 
of material found at these chiefly sites.

While specific source areas remain undiscovered for vol-
canic glass on Hawai‘i Island, this project represents a ma-
jor step toward understanding where and how volcanic 
glass was exchanged on the island. Additional information 
from diverse Hawai‘i Island archaeological sites can con-
tinue to build upon this framework to identify the timing 
and extent of resource distribution during the evolution 
of Hawaiian chiefdoms.
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Introduction

Gender archaeology and bioarchaeology are two fields 
of research that have the potential to contribute signifi-
cantly to our understanding of the social elements that 
influenced the dispersal of Lapita-associated communities 
throughout the western Pacific. Gender is a basic com-
ponent of social organisation that, through its influence 
on individual behaviour, should affect the morphology of 
human skeleton (Sofaer 2006). Based on this premise it 
has been argued that the human skeleton is an ideal re-
source for the study of gender and social organisation in 
the past (Sofaer 2006). Here we test this concept, assessing 
whether features of the skeleton associated with activity 
can be used to infer patterns of labour division between 
males and females, and whether interpretations regarding 
gender and social organisation can then be made.

Gender studies and Lapita archaeology

Gender is a mode of social organisation that is created 
based on perceived differences between males and females 
(Bolen 1991; Conkey and Spector 1984; Díaz-Andreu 2005; 
Gilchrist 1999); it defines the rules of behaviour for, and 
the relationships and distinctions between, men and wom-
en (Barrett 1988; Boyd 1997; Conkey and Gero 1991; Díaz-
Andreu 2005; Lesick 1997; Scott 1997; Sørensen 2000). Be-
cause gender is based primarily on differences between 
males and females, it is a basic, near universal, component 
of social organisation (Scott 1997; Sørensen 2000). Yet, due 
to the process of interpretation inherent in the creation 
of gender ideology, gender is not universally manifested 
(Scott 1997) and gender definitions are not limited to bi-

nary categorisation in the same manner as sex (Conkey 
and Gero 1991; Díaz-Andreu 2005).

In order for gender to act as an organising principle within 
society, individuals must identify themselves within the 
gender framework and perform the roles that social ide-
ology dictates. In this way, gender plays a significant role 
in shaping individual identity and behaviour. In order to 
maintain their position within a gender category individu-
als must continuously signal their membership through 
normalised behaviour and associated material culture 
(Díaz-Andreu and Lucy 2005; Insoll 2007). Gender ideol-
ogy and gender identity can thus be seen to dictate the 
activities people perform or the statuses they possess in 
their day-to-day lives – their gender roles (Conkey and 
Spector 1984; Gilchrist 1999). Understanding what people 
did in their day-to-day lives, who performed certain tasks 
and the division of labour within a society is, therefore, 
one avenue towards understanding gender in the past.

Despite the potential for gender studies to provide new 
insight into both social organisation and individual expe-
rience, investigations into gender and labour division in 
Lapita archaeology are few. Marshall (1985) used ethno-
graphic analogy to argue that the dentate stamped pottery 
associated with the Lapita dispersal was manufactured by 
women. The importance of these pots is linked to their 
inclusion in trade networks, presumably as social symbols. 
This has led other scholars to link this female role in pot-
tery production with an important social role in control-
ling powerful social symbols (Bulbeck 1998; Spriggs 2002). 
These scholars have also suggested, however, that this con-
trol of social symbols was unusual in relation to subse-
quent social structures in the Pacific. The loss of pottery 
was equated with changing gender roles, as males assumed 
control of social symbols through tattoo and woodcarving 
(Bulbeck 1998; Marshall 1985). Linguistic reconstructions 
of kinship terms also suggest that social distinctions based 
on gender were operating in Lapita society (Kirch 2000).

The current scarcity of investigations into gender in Lapita 
society is likely related to the lack of appropriate materials 
available for the assessment of gender distinctions. Even 
with the appropriate material remains, material culture-



77

 University of otago stUdies in archaeology · no. 25

based studies often remain reliant on osteological materi-
als to provide biological sex information, which can be 
used as a reference point for gender interpretations. Until 
recently Lapita-associated human skeletal assemblages 
were small and often poorly preserved. With the discov-
ery and excavation of the Teouma Lapita site in Vanuatu 
(Bedford et al. 2006), however, new opportunities for the 
investigation of gender in Lapita society are now available.

Gender and the skeleton

Bioarchaeological studies propose to interpret gender by 
relating sex to skeletal traits associated with diet, nutrition, 
disease, trauma, activity and migration (Armelagos 1998; 
Larsen 2002; 2006). The interpretation of these changes as 
evidence for gendered behaviour is based on the premise 
that ‘sex (a biological attribute) of an individual is nearly 
always revealing about gender (a social attribute)’ (Larsen, 
2002: 145). While sex and gender are commonly held to be 
related concepts, using one to interpret the other in pre-
historic contexts is not simple in practice, and contention 
exists regarding the treatment of these categories. This de-
rives from two areas of difficulty: conceptualising sex and 
gender as different, and maintaining a distinction between 
the two in practice.

In particular osteological studies have been criticised for 
reducing the complexity of gender into dichotomous sex 
categories (Gilchrist 1999). Sex is a binary system of clas-
sification based ultimately on chromosomal differences 
between males (XY) and females (XX) (Mays and Cox 
2000; Roberts 2009). When assessed in skeletal remains, 
sex is a measure of biological characteristics that develop 
during growth and for the most part cannot be purposely 
manipulated by an individual (Sofaer 2006). So within any 
population male skeletons are characterised by large size 
and greater robusticity compared with females, reflecting 
the overall larger body size and greater muscle mass typi-
cal of males (Roberts 2009; White and Folkens 2005). The 
female skeleton is characterised by relative gracility and 
by pelvis form, the latter featuring distinct morphological 
differences that allow for a wider pelvic cavity, functionally 
important in childbearing and childbirth (Roberts 2009; 
White and Folkens 2005).

But Sofaer (2006: 105) argues that the skeleton is ‘much 
more than sex’. In life the skeleton is a living tissue that 
is capable of growth in order to achieve maturity and 
remodelling in response to stress. Bone is thus a plastic 
material that is capable of reshaping itself in response to 
natural and cultural stimuli (Sofaer 2006). Changes that 
occur in the skeleton in response to practices dictated by 
gender ideologies, such as the division of labour, reflect an 
individual’s gender rather than their sex.

Bone modelling and remodelling processes provide the 
mechanism through which the morphology and structure 
of bone is initially formed and then altered throughout life. 
In the process of ‘modelling’, most obvious during growth, 
the size and shape of bone is altered through the deposi-

tion of bone in one area, and the removal of bone from 
another (Ortner 2003; Zernicke et al. 2007). Throughout 
life, maintenance of bone is achieved via ‘remodelling’, a 
process in which bone cells remove and then deposit bone 
in the subsequent void, often subtly changing the bone 
shape. This process may be stimulated by microtrauma 
or mechanical strain (Ortner 2003; Waldron 2009). The 
ability to model and remodel allows bone to reshape and 
redistribute material in order to maintain mechanical in-
tegrity (Zernicke et al. 2007). It is also important to note 
that the activity of bone cells can result in changes that are 
considered abnormal (Ortner 2003). These may occur as 
a result of disease, trauma, senescence or physical stress 
(Ortner 2003; Sofaer 2006). In particular, areas of bone ar-
ticulation (joints) or soft tissue attachment (entheses) are 
susceptible to trauma and degeneration, which can lead to 
distinct morphological changes.

Bioarchaeologists have exploited the ability of bone to 
respond to mechanical stimuli by using adaptive and de-
generative changes as markers of activity. There are limita-
tions to the interpretation of these skeletal modifications, 
however. The accurate reconstruction of specific activities 
and occupation in the past is precluded by the realities of 
joint and muscle action: muscles work in groups to pro-
duce movement at a joint, and one muscle may contribute 
to movement at multiple joints; additionally, many activi-
ties require the use of the same sets of joints and muscles 
(Jenkins 2002; Stirland 1998). We are also limited by the 
fact that not all activities leave a trace in the archaeologi-
cal record, and by our own (in)ability to imagine the full 
range of activities that may have been undertaken and the 
ways in which they may have been carried out (Robb 1998). 
Only in rare cases is there sufficient evidence to assign 
specific activities or occupations, usually where there is a 
combination of a unique pattern of skeletal change with 
independent, corroborating evidence (such as grave goods 
or ethnographic accounts). While specific occupations 
may not be able to be identified, differences in general ac-
tivity patterns between groups can be identified on the 
basis of similar patterns of skeletal change (Knüsel 2000; 
Robb 1998; Waldron 2007). In this manner, divisions of 
labour between groups – for example males and females 

– can be investigated, though the precise nature of this divi-
sion may remain unknown.

In this paper we focus on skeletal modifications that can be 
visually assessed at entheses and joints of the upper limb. 
Entheses are the sites of muscle, ligament and joint capsule 
attachment to bone (Benjamin et al. 2002). Two types of 
enthesis exist, fibrous and fibrocartilaginous. These are dis-
tinguished by the tissues present in the transition from soft 
tissue to bone (Benjamin et al. 2002). Three types of enthe-
sis modification are recognised, including: robusticity (al-
terations in size and shape), osteolytic lesions (where bone 
is removed) and proliferative bone formations (where 
new bone is deposited on the enthesis surface or bone 
spurs form at the enthesis margins) (Hawkey and Merbs 
1995; Mariotti et al. 2004; 2007; Villotte 2006). Robustic-
ity changes are thought to reflect ‘normal’ adaptation of 
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bone to muscle use or size (Hamrick et al. 2000; Mariotti 
et al. 2007), though it is noted that enthesis robusticity is 
influenced by biological factors such as age and body size 
(Mariotti et al. 2007; Weiss 2003). The influence of inher-
ent differences in muscle mass between individuals, par-
ticularly between the sexes, is also an issue that needs to be 
considered in bioarchaeological studies. Osteolytic lesions 
and proliferative bone formations are considered to rep-
resent a pathological response to stress and are therefore 
both considered under the term ‘enthesopathy’ (Mariotti et 
al. 2004). The term enthesopathy refers to any pathological 
process or change occurring at an enthesis (Benjamin et al. 
2002; Benjamin et al. 2006; Slobodin et al. 2007). In addi-
tion to mechanical stress, enthesopathies may also be the 
result of metabolic, inflammatory, traumatic, degenerative 
or growth processes, and may represent either systemic 
or localised conditions (Mariotti et al. 2004; Slobodin et 
al. 2007). Enthesopathy can therefore be linked to disease 
and ontogenetic processes, as well as injury and overuse 
(Mariotti et al. 2004; Slobodin et al. 2007).

Structural modifications may also occur at articular sur-
faces of bones. These are often referred to as osteoarthritis 
or degenerative joint disease, although here we avoid these 
terms due to contention surrounding the diagnosis of this 
condition in skeletal remains and the inferred aetiologies 
associated with them. In this paper we use the term ‘joint 
modification’. In a synovial joint, a normal articular surface 
is uninterrupted, has smooth contours and well defined 
margins, while a modified joint may exhibit marginal os-
teophytes; subchondral bone reaction, including eburna-
tion, sclerosis and cysts; pitting on joint surfaces; and, in 
extreme cases, the alteration of joint contours (Rogers et 
al. 1987). These modifications to joint structure occur as 
a result of a number of interacting factors, among which 
activity plays an important role. The degree to which activ-
ity affects an individual’s joints is dependent on their level 
of predisposition, which may be influenced by factors such 
as age, sex, heredity, body mass and disease. Other factors, 
such as trauma, may also lead to joint modification that is 
unrelated to habitual activity (Cooper 1998).

In this paper we test whether patterns of enthesis and 
joint modification in males and females from the Teouma 
cemetery can be used to infer patterns of labour division 
in a colonising Lapita community. We then consider the 
implications of this for our understanding of gender and 
social organisation in the Lapita context.

Materials and Methods

The skeletal remains used in this study are from the Te-
ouma Lapita cemetery, Vanuatu. The Teouma site is lo-
cated eight hundred meters from the current coastline 
of Teouma Bay, on the edge of an upraised former beach 
terrace and reef. At the time of settlement the site would 
have been located on a low promontory bounded by the 
sea, a small tributary of the Teouma River, and uplifted 
limestone cliffs (Bedford et al. 2006). Initially the site was 
used as a cemetery, in which individuals were interred 

with Lapita dentate-stamped pottery. Midden deposits 
overlying the burials include pottery from the Arapus 
and early-Erueti periods of Vanuatu prehistory, providing 
evidence for a phase of occupation post-dating the Lapita 
cemetery (Bedford et al. 2009). The underlying tephra de-
posits into which the burials were interred are the result 
of a volcanic eruption, providing a terminus post quem 
for use of the site of 3300 BP, based on cross-dating of this 
tephra at other sites. Unpublished dates based on human 
bone from the burials suggest the cemetery was in use for 
approximately one hundred years around 3000 BP. Dating 
elsewhere of the transition from early- to late-Erueti ce-
ramics indicates that the site was abandoned no later than 
c. 2500 BP (Bedford et al. 2009).

Excavations have taken place at Teouma over six field sea-
sons between 2004 and 2010. Thus far sixty-seven burial 
features have been excavated, representing at least one 
hundred individuals. The individuals interred at Teouma 
were evidently subjected to an elaborate burial practice, 
featuring the manipulation, removal and redeposition of 
skeletal elements from burials (Valentin 2010; Valentin et 
al. 2010). Among the bones routinely removed from the 
burials are skulls (no adult skulls were found in articula-
tion) and bones of the upper limb, particularly the forearm. 
This practice of bone removal has reduced the sample size 
of particular skeletal elements, most notably the clavicle, 
radius and ulna. All adult burials from the Teouma Lapita 
cemetery with available sex assessments were used in this 
analysis, with a final sample size of forty-seven (Table 1). 
Ideally sex assessments for this type of research would be 
based solely on pelvic morphology, as it is unrelated to 
muscle mass. The poor preservation of pelves from the 
Teouma assemblage meant that it was necessary to include 
overall skeletal robusticity as a factor in sex assessment for 
a limited number of individuals. Given the high sexual 
dimorphism apparent in the skeletal sample we do not be-
lieve this to be a significant issue for the results presented 
here. Approximately even numbers of males and females 
were present. Age estimation methods and categories fol-
low those reported in Buckley et al. (2008). The age cat-
egories (young, mid and old) were well balanced, although 
due to incomplete preservation a large proportion of the 
sample did not have age estimates more precise than ‘adult’.

Table 1. Teouma skeletal sample composition

Adult Young Mid Old Total

Female 8 2 7 5 22

Male 7 5 6 7 25

Total 15 7 13 12 47

Data Collection

To assess activity patterns of males and females at Teou-
ma the skeletal remains were examined for two types of 
activity-related change: entheseal change and joint modi-
fications.
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Two forms of entheseal change, robusticity and en-
thesopathy, were assessed for forty entheses of the upper 
limb (Table 2). Robusticity was scored on a scale of one 
to three based on the parameters established by Mariotti 
et al. (2007). Because of the high error rates associated 
with this method (Mariotti et al. 2007), seriation of each 
enthesis was carried out as an intermediate step between 
examination and score assignment.

Two forms of enthesopathy were assessed. Osteolytic le-
sions and proliferative bone formations were scored as 
present or absent for each enthesis. For fibrous entheses, 
minimal proliferative bone formations were scored as ab-
sent. This was due to the difficulty inherent in distinguish-
ing the occasionally roughened surfaces of fibrous enthe-
ses from pathological osseous production (Alves Cardoso 
and Henderson 2010).

All joint surfaces of the upper limb were examined for the 
presence of osteophytes, surface porosity and eburnation 
(Buikstra and Ubelaker 1994). Modifications were scored 
as present or absent. Barely discernable osteophytes were 
scored as absent.

For all types of entheseal change, entheses were not scored 
if more than half the enthesis was missing as a result of 
taphonomic processes, or in the case of robusticity, if the 
presence of enthesopathy obscured robusticity. Articular 
surfaces were not scored if more than half the joint sur-
face was missing or damaged. Skeletal elements affected 
by trauma were excluded from robusticity analyses. Cases 
of enthesopathy and joint modification thought to be sec-
ondary to trauma or diseases known to affect joints and 
entheses, such as diffuse idiopathic skeletal hyperostosis 
(DISH) and the spondylarthropathies (SpA), were excluded 
from prevalence calculations. Individuals affected by dis-
ease were identified on the basis of pathognomonic osse-
ous changes in the axial skeleton. These individuals were 
not excluded from the analysis of robusticity, as there is no 
definitive link between these conditions and the robustic-
ity of an enthesis.

Statistical Analyses

All robusticity data were standardised with right and left 
enthesis scores standardised together. As a result all en-
theses have the same mean (zero) across the skeletal sam-

Table 2. Entheses scored and functional complex groupings

Functional Complex
Skeletal Element Entheses

Enthesopathy Robusticity

Pectoral Girdle-
Shoulder

Pectoral 
Girdle

Clavicle
Costoclavicular ligament1, Conoid ligament1 
Trapezoid ligament1, Subclavius1

Shoulder Humerus Pectoralis major, Teres major, Deltoid

N.A.2 Humerus Subscapularis, Supraspinatus, Infraspinatus, Teres minor

Humeral Epicondyles N.A.2 Humerus Common extensor tendon, Common flexor tendon

Elbow-Forearm

Elbow
Radius Biceps brachii1, Brachioradialis1

Ulna Brachialis1, Anconeus1, Triceps brachii1

Forearm
Radius Pronator teres1, Interosseous membrane1

Ulna Supinator1, Pronator quadratus1

Wrist Wrist

Metacarpal 2 Extensor carpi radialis longus, Flexor carpi radialis

Metacarpal 3 Extensor carpi radialis brevis

Metacarpal 5 Extensor carpi ulnaris

Hand

Power Grip

Metacarpal 1 Abductor pollicis longus

Distal phalanx 1 Flexor pollicis longus

Middle phalanges Flexor digitorum superficialis

Precision 
Grip

Metacarpal 1 Opponens pollicis

Metacarpal 5 Opponens digiti minimi

Proximal phalanx 5 Abductor/flexor digiti minimi

Metacarpal 2/proximal phalanx 3 2nd dorsal and palmar interosseous

Metacarpal 5/proximal phalanx 5 4th dorsal and palmar interosseous

Pinch Grip

Proximal phalanx 1 Abductor/flexor pollicis brevis

Metacarpal 1/proximal phalanx 2 1st dorsal interosseous

Metacarpal 3/proximal phalanx 1 Adductor pollicis

N.A.2

Proximal phalanx 1 Extensor pollicis brevis

Proximal phalanx 1 Extensor pollicis longus

Distal phalanges 2–4 Extensor digitorum

1. not included in calculation of overall upper limb robusticity 
2. not included in robusticity analyses
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ple, and an individual’s score on any enthesis represents 
their position above or below the skeletal sample mean, 
expressed as a number of standard deviations. Given the 
large number of entheses assessed and the frequency of 
missing data, it was necessary to reduce the number of 
variables for statistical analysis. Overall upper limb and 
functional complex robusticity scores were calculated for 
each individual, taking the mean of all constituent and 
available entheses from both the right and left sides. The 
entheses making up each summary score are outlined in 
Table 2. Each functional complex is made up of entheses 
associated with muscles and ligaments acting to move or 
restrain movement at a particular joint, or in the case of 
the hand functional complexes, acting to perform certain 
grip types. While each functional complex is made up of 
entheses that are functionally related, it must be remem-
bered that they represent a range of movements or possi-
ble actions. This means that the reconstruction of specific 
activities is not possible, though broad patterns of activity 
difference between groups can be observed.

Linear regression models were used to assess the relation-
ship between sex and robusticity for the upper limb overall 
and each functional complex. Age and body size were also 
included in the regression models to assess the effects of 
these variables on robusticity expression. Following Weiss 
(2003), an aggregate score of three humeral measurements 
(vertical humeral head diameter, maximum length and 
distal epiphyseal width) was used as a proxy for body size. 
Each predictor variable was initially analysed for its rela-
tionship with robusticity in a univariate model. Variables 
with a p value less than 0.250 were included in subsequent 
multivariate analysis. Analysis of the residuals from each 
analysis was used to determine the reliability of the mod-
els. Levene’s Test for equality of variance was used to assess 
the residuals resulting from the regression of robusticity 
against age or sex. Residuals resulting from the regression 
of robusticity against body size and from multivariate 
models were assessed for normal distribution and homo-
scedasticity using histograms and scatter plots of residuals 
against predicted values. A minimum of ten observations 
per predictor variable was required for univariate and 
multivariate regression analyses. Non-parametric tests 
were used where sample sizes were insufficient to conduct 
linear regression or where violations of the assumptions 
for linear regression occurred.

Due to the low number of observations, presence and 

asymmetry data were not statistically tested for enthesop-
athy at individual entheses. Functional complexes were 
considered for enthesopathies, but are slightly different 
to those used in the analysis of robusticity. This is due to 
the generally low frequencies of enthesopathies observed 
and the inclusion of several entheses that do not show 
great variation in robusticity. The overall prevalence of en-
thesopathy for each functional complex was calculated as 
the proportion of individuals displaying either osteolytic 
lesions or proliferative bone formations within a particular 
functional complex from the total number of individu-
als with observations on any of the entheses displaying 
pathological change.

Articular surfaces were grouped into the joints or joint 
complexes outlined in Table 3. Individual articular sur-
faces of each joint were initially scored separately. An indi-
vidual was considered to be affected by joint modification 
at a joint if osteophytes, pitting or eburnation affected any 
component articular surface, on the right, left or both sides. 
The proportion of joints displaying asymmetric osteoar-
thritic involvement was calculated as the number of joint 
pairs affected on the right or left side only, over the total 
number of joint pairs observed.

Functional complex enthesopathy and joint modifications 
were assessed for their relationship with sex and age. Chi-
square or Fisher’s exact values were used to determine the 
significance of the relationship between enthesopathy or 
the presence of any joint modification and each independ-
ent variable. Chi-square tests were used when the expected 
frequencies of no more than twenty-percent of the cells 
in an r x c table were less than five; when this expectation 
was not met Fisher’s exact tests were used. Analyses were 
conducted for the total sample, and for males and females 
considered separately.

Cluster analysis of robusticity functional complex data was 
also conducted. Robusticity was chosen over enthesopathy 
and joint modification for this analysis as it can be seen to 
reflect a consistent feature (muscle size) in all individuals. 
Enthesopathy and joint modification on the other hand 
do not affect all individuals with any consistency. Sample 
sizes were reduced in this analysis due to the requirement 
of cluster analysis for scores on all input variables. Ward’s 
linkage and squared Euclidean distance for Ward’s link-
age were used. The number of groups resulting from the 
cluster analysis was determined subjectively.

Table 3. Articular surfaces and joints analysed

Joint / Joint Complex Component articular facets

Acromioclavicular Acromial facet (clavicle); clavicular facet (scapula)

Shoulder Glenoid fossa; humeral head

Elbow Capitulum; radial head; radial notch; trochlea; trochlear notch

Wrist
Radial distal articular surface; radial facets of scaphoid and lunate; ulnar head; ulnar notch; 
intercarpal facets of all carpals

Hand Carpometacarpal; metacarpophalangeal; interphalangeal articular surfaces of all digits
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All statistical analyses were carried out using Stata 11.2 
(StataCorp 2009). For all analyses statistical significance 
is set at p < 0.050; a tendency is reported if p < 0.100.

Results

Robusticity

Sex was a significant predictor of upper limb, shoulder, 
precision and pinch grip robusticity, with males having 
greater robusticity than females (Table 4; Fig. 1a). However, 
in multivariate analyses where body size was controlled, 
sex was no longer a significant predictor for any of these 

robusticity measures. Sex was not a significant predictor of 
elbow, forearm, wrist or power grip robusticity.

Although overall robusticity demonstrated a positive re-
lationship with age, this relationship was not significant 
(Table 4). Age was the sole significant predictor variable 
for wrist robusticity and was also a significant predictor for 
pinch grip robusticity. However, the Levene’s test for equal-
ity of variance of residuals was significant for the latter 
model, and non-parametric testing suggested this model 
is unreliable (Kruskal Wallis p = 0.114). Furthermore, the 
pattern of age-related entheseal change did not display a 
consistent increase of robusticity with age, as would be 

Table 4. Robusticity regression analysis results

Dependent 
Robusticity 
Variable

Predictor 
Variables

n
Univariate Models Multivariate Model

Coeffi-
cient

p
95% Confidence 

Interval
Wald’s

Test
Coeffi-
cient

p
95% Confidence 

Interval
Wald’s 

Test

Upper Limb

Age: Y-M 0.077 0.776 –0.472 – 0.627

Y-O 32 0.389 0.164 –0.169 – 0.946 0.275

M-O 0.312 0.185 –0.158 – 0.781

Body size 28 0.380 <0.001 0.205 – 0.556 N/A 0.499 0.002 0.200 – 0.799 N/A

Sex 45 0.501 0.002 0.191 – 0.810 N/A –0.279 0.322 –0.846 – 0.289 N/A

Shoulder

Age: Y-M 0.262 0.596 –0.747 – 1.271

Y-O 26 0.387 0.435 –0.622 – 1.396 0.732

M-O 0.125 0.769 –0.748 – 0.999

Body size 27 0.530 <0.001 0.264 – 0.797 N/A 0.571 0.018 0.106 – 1.037 N/A

Sex 35 1.059 <0.001 0.566 – 1.552 N/A –0.099 0.824 –1.006 – 0.808 N/A

Elbow

Age 13 KW: 0.124

Body size 12 –0.012 0.945 –0.401 – 0.376 N/A

Sex 17 –0.175 0.618 –0.910 – 0.559 N/A

Forearm

Age 14 KW: 0.236

Body size 13 0.253 0.247 –0.202 – 0.707 N/A

Sex 19 0.296 0.401 –0.430 – 1.022 N/A

Wrist

Age: Y-M 0.995 0.008 0.292 – 1.699

Y-O 25 0.886 0.014 0.196 – 1.575 0.017

M-O –0.110 0.715 –0.723 – 0.504

Body size 21 0.086 0.659 –0.316 – 0.487 N/A

Sex 33 –0.206 0.411 –0.711 – 0.298 N/A

Power Grip

Age: Y-M 0.137 0.735 –0.682 – 0.956

Y-O 31 0.331 0.420 –0.498 – 1.161 0.690

M-O 0.195 0.553 –0.470 – 0.859

Body size 26 0.306 0.025 0.041 – 0.571 N/A

Sex 40 0.250 0.318 –0.250 – 0.750 N/A

Precision 
Grip

Age: Y-M –0.137 0.674 –0.800 – 0.526

Y-O 28 0.226 0.482 –0.425 – 0.876 0.450

M-O 0.363 0.216 –0.225 – 0.951

Body size 24 0.270 0.027 0.035 – 0.506 N/A 0.339 0.153 –0.137 – 0.816 N/A

Sex 37 0.547 0.011 0.134 – 0.959 N/A –0.151 0.731 –1.052 – 0.750 N/A

Pinch Grip

Age: Y-M –0.486 0.214 –1.273 – 0.301

Y-O 27 0.325 0.402 –0.462 – 1.112 0.041

M-O 0.811 0.013 0.189 – 1.434

Body size 23 0.477 <0.001 0.263 – 0.690 N/A 0.431 0.045 0.011 – 0.851 N/A

Sex 37 0.539 0.022 0.084 – 0.994 N/A 0.101 0.793 –0.689 – 0.891 N/A

n = number of individuals included in regression model (figures in bold represent the sample size carried through to multivariate analysis)
Y-M = young vs mid age comparison; Y-O = young vs old age comparison; M-O = mid vs old age comparison
KW = Kruskal Wallis
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expected. Overall, age is not a good predictor of enthesis 
robusticity in regression analyses.

The body size proxy was a significant predictor of upper 
limb robusticity, with larger individuals demonstrating 
greater robusticity (Table 4). When sex was controlled, the 
body size proxy remained as a significant predictor for up-
per limb robusticity. The body size proxy was also a signifi-
cant predictor of shoulder, power grip, precision grip and 
pinch grip robusticity. This significance was maintained 
in multivariate analyses for each of these measures of ro-

busticity, except for the precision grip. The body size proxy 
was not a significant predictor of elbow, forearm or wrist 
robusticity.

Enthesopathy

Enthesopathy was observed in the upper limbs of 68% of 
the skeletal sample (Table 5; Fig. 1b). A much higher pro-
portion of individuals were affected by proliferative bone 
formations (26/38, 68%) compared with osteolytic lesions 
(5/38, 13%). This difference is interesting, but it may reflect 
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the paucity of data for the costoclavicular ligament attach-
ment, which, in a recent study of activity related change in 
Southeast Asian and Pacific Island skeletal samples, was 
the enthesis most commonly affected by osteolytic lesions 
in the upper limb (Foster 2011). Multiple enthesis involve-
ment was observed in 69% (18/26) of individuals affected 
by enthesopathy.

Table 5. Total sample, male, and female enthesopathy 
prevalence data and chi-square analysis results

Functional 
Complex

Total
n/N (%)

Female
n/N (%)

Male
n/N (%) χ2 p*

Upper Limb 26/38 (68) 12/19 
(63)

14/19 
(74) 0.487 0.485

Pectoral Girdle-
Shoulder

3/29 
(10)

1/15 
(7)

2/14 
(14) – 0.598

Humeral 
Epicondyles

13/19 
(68)

3/7 
(43)

10/12 
(83) – 0.129

Elbow-Forearm 6/16 (38) 3/10 (30) 3/6 (50) – 0.607
Wrist 9/28 (32) 5/14 (36) 4/14 (29) – 1.000

Hand 18/35 (51) 11/18 (61) 7/17 (41) 1.391 0.238

n/N = number of individuals affected/number of individuals observed within 
robusticity group.
* Fisher’s exact reported where criteria for χ2 not met.

Males and females demonstrated similar frequencies of 
enthesopathy for the upper limb overall and in all func-
tional complexes, except the humeral epicondyles (Table 
5; Fig. 1b). In the latter functional complex males dem-
onstrated a much higher frequency of involvement than 
females, although this difference was not statistically sig-
nificant. Males also demonstrated a somewhat higher fre-
quency of multiple enthesis involvement compared with 
females (females 7/12, 58%; males 11/14, 79%).

Enthesopathy prevalence increased with age for the upper 
limb overall when the total sample was considered (Table 
6). This pattern was also observed when sexes were con-
sidered separately but was not statistically significant. The 

separate consideration of males and females highlights 
that males were affected at a younger age by enthesopa-
thies in all functional complexes.

Joint modification

Osteophytes were the most common form of joint modi-
fication observed in this sample, except in the case of the 
acromioclavicular joint (Fig. 2). Eighty-one percent of the 
skeletal sample was affected by some kind of joint modifi-
cation in the upper limb (Table 7; Figure 1c). Multiple joint 
involvement was observed in 87% (26/30) of affected indi-
viduals. Asymmetry was observed in relatively few cases 
in the acromioclavicular joint (1/2, 50%), elbow (1/5, 20%), 
wrist (4/10, 40%) and hand (4/12, 33%); however, it was 
particularly common in the shoulder (5/6, 83%).

Males and females demonstrated fairly similar rates of 
joint modification for the upper limb, wrist and hand (Ta-
ble 7; Fig. 1c). A significantly greater prevalence of joint 
modification was observed in males compared with fe-
males for the shoulder and the elbow. Males also demon-
strated a higher prevalence of asymmetrical involvement 
than females for joint modification of the elbow, although 
this difference was not significant, and a somewhat higher 
rate of multiple joint involvement (males: 94%, 15/16; fe-
males: 79%, 11/14).

Table 6. Enthesopathy prevalence in each age group and chi-
square analysis results

N
Young

n/N (%)
Mid

n/N (%)
Old

n/N (%)
χ2 p*

Total 24 3/7 (43) 7/10 (70) 7/7 (100) – 0.057

Female 12 0/2 (0) 5/7 (71) 3/3 (100) – 0.109

Male 12 3/5 (60) 2/3 (67) 4/4 (100) – 0.545

N = total number of individuals observed; n/N = number of individuals 
affected/number of individuals observed within age group.
* Fisher’s exact reported when criteria for χ2 not met
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Figure 2: Types of joint modification affecting each joint or joint complex of the upper limb
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Joint modification prevalence increased with age, though 
this was not significant (Table 8). Because most males 
were affected regardless of age, the overall pattern was 
less obvious in males compared with females. Males were 
therefore affected by joint modification at a younger age 
than females, and in all age groups were affected at higher 
frequencies than females (although in no case was this 
significant).

Table 8. Joint modification prevalence in each age group and 
chi-square analysis results

N
Young
n/N (%)

Mid
n/N (%)

Old
n/N (%)

χ2 p*

Total 24 5/7 (71) 8/10 (80) 7/7 (100) – 0.516

Female 12 1/2 (50) 5/7 (71) 3/3 (100) – 0.714

Male 12 4/5 (80) 3/3 (100) 4/4 (100) – 1.000

N = total number of individuals observed; n/N = number of individuals 
affected/number of individuals observed within each age group.

* Fisher’s exact reported if criteria for χ2 not met.

Cluster analysis

Cluster analysis was carried out using all individuals with 
scores on each functional complex, excluding the elbow 
and forearm. Four clusters are evident in the cluster den-
drogram (Fig. 3). The first cluster is made of up three 
males, two old and one mid-aged. None of these individu-
als had pectoral girdle or forearm elements available for 
entheseal change analysis. They are distinguished from 
the remaining clusters by particularly strong robusticity 
of the shoulder, but also show strong development across 
all other functional complexes. Cluster two is made up of 
one outlier individual, an old female with moderate overall 
upper limb robusticity of a similar degree as that seen in 
the individuals of cluster three. This individual is distin-
guished by very weak development of the shoulder and 
strong development of the pinch grip functional complex. 
Cluster three is a very large group of males and females 
of mixed age and sex (though all with available age es-
timates are mid or old aged). This group is particularly 
distinguished by moderate development of the shoulder 
functional complex. This group displays a broad range of 

values within the remaining functional complexes. Finally, 
cluster four is made up of five females and one male of 
young to mid age. This group is distinguished from the 
other cluster groups by low shoulder and pinch grip devel-
opment, and is characterised by low development across 
the remaining functional complexes.

In summary, these clusters demonstrate some distinct 
clustering by sex, as well as a large degree of overlap in 
the robusticity development of males and females. Cluster 
one can also be distinguished by age and body size (all 
individuals are old and of large body size) (Table 9); in the 
remaining clusters the effect of these variables is weaker, 
although the individuals of cluster three are, on the whole, 
older and larger than individuals in cluster four. It should 
be noted, however, that all clusters overlap in terms of age 
and body size, i.e. no age or body size is restricted to any 
particular cluster, except for young age, which is restricted 
to cluster four.

There is a clear association between cluster and overall 
robusticity of the upper limb: cluster one is characterised 
by strong general robusticity; cluster three by moderate 
robusticity; and cluster four by relatively weak robusticity. 
Due to the high level of enthesopathy and joint modifica-
tion, no clear patterns are obvious in relation to clusters, 
except that cluster four individuals are less frequently af-
fected, most likely on account of their age.

Discussion

The skeleton is the interface of biology and culture, its fi-
nal morphology representing the interaction of biological 
processes and life experience. Because bone is a plastic 
material capable of responding to physical stress, cultur-
ally determined patterns of activity should be evident in 
the skeleton. Differences between males and females in 
these activity-related skeletal modifications should, there-
fore, be representative of gendered patterns of labour di-
vision, the understanding of which opens the door for a 
broader understanding of social organisation in the past. 
In this study we have analysed the morphology of enthe-
ses and joints of the upper limb in an attempt to identify 
differences between males and females from Teouma that 
could be interpreted as indicative of gendered division of 
labour. Our results highlight several issues that complicate 
the inference of activity patterns from patterns of skel-
etal modification. While sample composition as a result 
of burial practices at the site is an issue here, more prob-
lematic is the influence of biological factors that make it 
difficult to identify the effect of activity on enthesis and 
joint structure.

The interpretation of entheseal change and joint modifica-
tion in the Teouma skeletal remains is hampered by the 
incomplete condition of many of the burials, which is the 
result of burial practices carried out at the site. In par-
ticular, the samples for pectoral girdle, elbow and forearm 
functional complexes cannot be considered representative, 
given that removal of the associated skeletal elements was 

Table 7. Total sample, male, and female joint modification 
prevalence data and chi-square analysis results

Joint
Total

n/N (%)
Female
n/N (%)

Male
n/N (%)

χ2 p*

Upper limb 30/37 (81) 14/19 (74) 16/18 (89) – 0.405

Acromio-
clavicular

3/8 (38) 3/6 (50) 0/2 (0) – 0.464

Shoulder 15/28 (54) 4/14 (29) 11/14 (79) 7.036 0.008

Elbow 18/28 (64) 5/13 (38) 13/15 (87) – 0.016

Wrist 25/34 (74) 12/18 (67) 13/16 (81) – 0.448

Hand 25/35 (71) 12/18 (67) 13/17 (76) – 0.711

n/N = number of individuals affected/number of individuals observed 
* Fisher’s exact reported if criteria for χ2 not met
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carried out as a part of burial ritual that may have focussed 
on particular individuals in the community (Valentin et al. 
2010). Absent data in these functional complexes cannot 
be considered missing at random, and the results of their 
analysis must be considered suspect.

The Teouma sample presented an unusually high preva-
lence of proliferative bone changes compared with the 
other samples from the Pacific Islands, as well as high rates 
of multiple joint and enthesis involvement and low rates of 
joint modification asymmetry (Foster 2011). The great ma-
jority of individuals demonstrated both proliferative en-
thesopathies and joint modifications. Despite the fact that 
individuals considered likely to be affected by bone-form-
ing conditions were not analysed for enthesopathy and 
joint modification, the prevalence of proliferative bone 
formation at both entheses and joints remained remark-
ably high. Rates of eburnation were also relatively high in 
this skeletal sample compared with others from the Pacific 

Islands (Foster 2011). This may also reflect an abnormal 
tendency for bone formation, as eburnation could be the 
result of subchondral bone proliferation leading to carti-
lage degeneration and surface bone alteration, or perhaps 
altered joint mechanics due to the presence of osteophytes.

In the preliminary report on health and disease in the Te-
ouma material, based on a subset of the sample analysed 
here, Buckley et al. (2008) hypothesised that the amount 
of proliferative bone formation observed in this sample 
reflects higher levels of physical stress imposed by the re-
quirements of colonisation. Establishing a community in a 
virgin environment would have involved exploration of an 
unknown environment, the establishment of settlements, 
and the introduction and establishment of cultigens as-
sociated with horticultural subsistence. The presence of 
exotic pottery at the site also suggests that continued long-
distance voyaging was undertaken in order to facilitate 
contact with parent communities, and to maintain a vi-
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Figure 3: Ward’s linkage cluster analysis. 
Row One: burial number; Row Two: sex (F = female; M = male); Row Three: age (Y = young; M = mid-aged; O = old; A  = adult)
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able population (Bedford et al. 2009; Bentley et al. 2007). 
Other skeletal analyses have demonstrated that a high rate 
of trauma was present in the Teouma sample, supporting 
the argument that the Teouma individuals were subjected 
to increased levels of physical stress (Scott 2008).

Adapting to a new island environment would have also 
presented physiological challenges that may provide an 
alternate explanation to the skeletal changes observed here. 
Given the diffuse nature of these changes it seems likely 
that the population inhabiting Teouma Bay was predis-
posed to bone proliferation. The most obvious conditions 
associated with proliferative bone changes are DISH and 
fluorosis (Henderson 2009). There is evidence implicating 
both of these conditions in the patterns of skeletal change 
observed here.

Although individuals thought to be affected by DISH were 
removed from the samples analysed for enthesopathy and 
joint modification, it is possible that a proportion of the 
individuals included were affected by an incipient form of 
the condition, and did not display the pathognomic spinal 
modifications that were the criteria for exclusion. The high 
levels of bone proliferation observed here could therefore 
reflect the effects of this condition. DISH is a condition in 

which excessive bone growth affects entheses and joints, 
particularly in the spine (Ortner 2003). It is associated 
with conditions such as gout and diabetes (Buckley 2011; 
Smythe and Littlejohn 1998), suggesting that it is part of 
a suite of conditions linked to metabolic imbalance. Gout 
and diabetes have been identified in high frequencies in 
the Pacific Islands, specifically in Polynesian populations, 
and it is thought that genetics play a role in predisposing 
individuals to these diseases (Buckley 2011). The Lapita 
people are considered the ancestors of Polynesian groups 
and therefore could have carried with them the same ge-
netic predispositions. Given the presence of gout in the 
Teouma skeletal sample (Buckley 2007), a genetic compo-
nent affecting the predisposition of the Teouma people to 
bone formation is possible. The development of DISH has 
also been linked to diet, particularly diets high in protein 
(Fornaciari et al. 2009; Giuffra et al. 2010; Rogers and Wal-
dron 2001; Waldron 1985). This correlates well with isotop-
ic analyses that suggest the people of Teouma were heavily 
reliant on non-vegetable sources of nutrition (Kinaston 
2010). It should be noted, however, that both females and 
males demonstrated high frequencies of pathological joint 
and enthesis change, and that significant differences were 
only observed between the sexes in the shoulder and el-
bow joints. In modern populations DISH is found to affect 

Table 9. Cluster analysis supplementary data

Cluster 
Group

Burial Sex Age D
Body Size 

Group
Robusticity 

Group
Enthesopathy Joint Modification

Total Sex Total Sex PG-SH EPI EL-FA WR H UL AC SH EL WR H UL

1
10e M M Y 3 2 3 3 ✕ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

31 M O N 3 3 3 3 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

54 M O N 3 2 3 3 ✕ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

2 12 F O Y 3 3 ✓ ✕ ✓ ✓ ✓ ✓ ✓ ✓ ✓

3

49 M A N 2 1 ✕ ✕ ✕ ✓ ✓ ✓

8 M O Y 3 3 2 1 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

4 M M Y 3 2 2 2 ✓ ✓ ✕ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

43 M A N 2 1 2 2 ✕ ✓ ✕ ✕ ✓ ✕ ✓ ✓ ✕ ✓

50 M M N 2 1 2 2 ✕ ✓ ✕ ✕ ✓ ✓ ✓ ✓ ✓ ✓

44 M O Y 2 2 2 1 ✕ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

52 F O Y 3 3 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

5a F M N 1 2 2 2 ✕ ✓ ✕ ✓ ✓ ✓ ✓ ✓ ✓

36 F O N 1 3 2 3 ✕ ✓ ✓ ✓ ✓ ✕ ✕ ✓ ✓ ✓

16 F O N 1 1 1 2 ✕ ✓ ✕ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

38 F A N 3 3 ✕ ✓ ✓ ✓ ✕ ✕ ✓ ✓ ✓

4

3 F M N 1 1 1 2 ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✓ ✕ ✓

25 M Y N 3 2 1 1 ✕ ✓ ✕ ✕ ✓ ✕ ✓ ✓ ✓ ✓ ✓

40 F Y N 1 2 1 1 ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕

47 F A N 1 1 1 1 ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✓ ✕ ✕ ✓

41 F Y N 1 3 1 2 ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✕ ✓ ✓

48 F M N 1 2 1 1 ✕ ✓ ✓ ✕ ✕ ✓ ✕ ✕ ✓ ✓ ✓

Sex: F = female; M = male
Age: Y = young; M = mid; O = Old; A = Adult
D = presence of disease associated with enthesopathy or joint modification (N = no; Y = yes) 
Body size and robusticity groups: total = group membership with total sample considered; sex = group membership to sex specific group; 1 = small size/weak 
general robusticity; 2 = moderate size/general robusticity; 3 = large size/strong general robusticity 
Enthesopathy and joint modification: PG-SH = pectoral girdle and shoulder; EPI = humeral epicondyles; EL-FA = elbow and forearm; WR = wrist; H = hand; UL = 
whole upper limb; AC = acromioclavicular joint; SH = shoulder; EL = elbow
✕ = enthesis or joint normal; ✓ = enthesopathy or joint modification observed 



87

 University of otago stUdies in archaeology · no. 25

males and females at a 2 : 1 ratio (Smythe and Littlejohn 
1998), a pattern not observed here (though an analysis 
of the full skeletal sample would be required to confirm 
this). This suggests that other factors contributed to the 
joint and enthesis modifications observed in the Teouma 
individuals.

Fluorosis is a condition associated with prolific bone 
growth affecting the entire skeleton, especially entheses 
(Ortner 2003). The condition results from the ingestion of 
toxic levels of fluoride, usually as a result of high levels in 
drinking water (Littleton 1999; Ortner 2003). High levels 
of fluoridation have been identified in the Teouma skeletal 
remains using Raman spectroscopy (King 2009); however, 
it is unclear whether the values obtained from this sam-
ple reflect elevated levels in bone during life or diagenesis 
from the burial environment. This finding does suggest, 
however, that fluoride toxicity may also have contributed 
to the high frequency of proliferative bone changes in this 
skeletal sample.

The potential influence of these pathological conditions 
on the expression of skeletal modifications used to infer 
activity is problematic for this study. However, functional 
and pathological explanations for the level of prolifera-
tive bone changes observed in the Teouma skeletal sample 
are not necessarily mutually exclusive, and it may be that 
several lifestyle factors, environmental factors and genetic 
predisposition combined to elevate the prevalence of en-
thesopathy and joint modification in this skeletal sample. 
It is also possible that the number of predisposing factors 
were the cause of a particularly proliferative response to 
physical stress, and that the people of Teouma are display-
ing a particular phenotype of joint modification and en-
thesopathy expression (Felson and Neogi 2004; Rogers et 
al. 2004).

Besides the influence of pathological conditions, other 
biological factors were identified that influenced the ex-
pression of activity-related skeletal modifications in males 
and females from Teouma. Sex differences in robusticity 
were significant for the shoulder and the hand, but these 
seem to reflect the differences in body size between males 
and females. Greater robusticity in males can be account-
ed for by their larger body size. Sex differences in activity 
cannot, therefore, be inferred by direct comparison of ro-
busticity scores. No statistically significant sex differences 
were observed for enthesopathy, but shoulder and elbow 
joint modification were observed at significantly higher 
frequencies in males compared with females, suggesting 
some difference in activity between the sexes.

The use of cluster analysis did not identify any strong dis-
tinctions between the sexes that can be related to activity. 
Four clusters were identified: cluster one made up of three 
males, cluster two a single female outlying cluster three, a 
large group of males and females of mixed ages, and clus-
ter four, a group of young to mid age females and one male. 
The differentiation of cluster four from the remainder of 
the skeletal sample appears to be linked to young age, as 

well as small body size (Table 9). Increases in robusticity 
and the prevalence of enthesopathy and joint modification 
with age were observed for this sample, although the effect 
of age was generally weak and statistically insignificant in 
regression and chi-square analyses (Table 4; Table 6; Table 
8). As mentioned above, low robusticity in females also 
appears to be related to body size, so the low robusticity 
observed in this cluster most likely relates to these to fac-
tors, rather than activity. Cluster three shows much weaker 
relationships with age and body size, as both mid and old 
age groups and all body size groups are represented. The 
inclusion of almost even numbers of males and females in 
this cluster suggests a lack of distinction between males 
and females on the basis of functional complex robusticity. 
The three males of cluster one are distinguished from the 
larger cluster on the basis of very strong robusticity of the 
shoulder. This distinction appears to be unrelated to age, 
and all three males are within the range of body sizes seen 
in other clusters. This would suggest that an additional 
factor has led to the differentiation of these males from 
the remainder of the skeletal sample.

Enthesopathy and joint modification showed little rela-
tionship with the cluster analysis. Cluster four demonstrat-
ed lower frequencies of enthesis and joint modification 
and this may reflect lower levels of activity, lack of predis-
position, or the younger age of the cluster members. In the 
remaining clusters virtually all individuals were affected by 
both enthesopathy and joint modification, and no enthesis 
or joint specific involvements could be observed. These 
changes thus contribute little to the interpretation of pos-
sible activity difference evidenced by this cluster analysis.

The observation of a large degree of overlap between males 
and females in terms of robusticity (and enthesopathy and 
joint modification prevalence) is consistent with Scott’s 
(2008) interpretation of trauma in the Teouma sample. 
Males and females displayed similar frequencies of trauma 
(fractures, dislocations and muscle-bone interface trau-
ma); this was argued by Scott (2008) to reflect similarities 
in activity between the sexes. The analysis of entheses and 
joints supports this conclusion, but it should be noted that 
although few differences were observed between males 
and females, they were not necessarily carrying out the 
same tasks. Individual muscles and joints are used in a 
variety of movements, so different activities may cause 
similar patterns of modification in the skeleton. While 
patterns of trauma and enthesis and joint modification 
suggest that labour levels were equal between the sexes, 
task assignment may have been different.

In contrast to these findings, linguistic reconstructions 
have suggested that within Lapita societies ‘there were 
critical distinctions based on gender, birth order, age and 
affinity (marriage)’ (Kirch 2000: 114). Other analyses of 
skeletal material have noted sex distinctions in terms of 
diet, where male diets included a higher proportion of 
protein compared with that of females (Kinaston et al. 
2009) and burial practice, where males received more 
elaborate mortuary treatment (Valentin et al. 2010). In this 
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study, cluster analysis identified three males who were dif-
ferentiated from the remainder of the group by virtue of 
their shoulder robusticity, independent of age and body 
size. One of these individuals (Burial 10e) is thought to be 
an immigrant to the site (Bentley et al. 2007), who received 
burial treatment unique in the Teouma cemetery (Valen-
tin 2010; Valentin et al. 2010). Therefore there is some evi-
dence to suggest that activity differences were linked to 
social position, but no evidence that these were gender-
wide distinctions. The distinction of these males may be 
associated with their gender, but may also be related to 
other social variables such as rank and other modes of 
achieving social status. However, as no teeth were avail-
able for analysis, isotopic evidence is not available for the 
remainder of the individuals in this cluster, and it should 
be noted that other individuals also distinguished by their 
migrant status (Burial 3, Bentley et al. 2007) or burial treat-
ment (Burial 44, Bedford et al. 2009) are present in the 
other cluster groups.

A final point to make here is that, the continuous nature 
of skeletal sexual dimorphism, potential genetic heteroge-
neity within the sample as a result of migration, and the 
ill-preserved nature of the skeletal material all affect our 
ability to accurately assess sex. The only direct way to test 
this is through DNA analysis, a method difficult to apply 
to archaeological material. At present the assumption of 
accuracy is made, with an acknowledgement that this may 
affect some results.

Conclusion

The skeletal changes observed here reveal a pattern of skel-
etal modification that may or may not be linked directly 
with activity. While Sofaer (2006) argues that the mor-
phology of the skeleton reflects the influence of culturally 
mediated patterns of behaviour, it must be remembered 
that culturally moderated changes are the end result of 
an interaction between biological and cultural factors. 
At times biological expression will win out over cultural. 
Inherent sex differences and potential disease processes 
make it difficult to ascertain which of the differences ob-
served here are meaningful for an interpretation of gender. 
A tentative interpretation could be put forward that the 
lack of any discernable differences between males and fe-
males on the whole reflects a situation where gender was 
not a primary factor in determining an individual’s activi-
ties, or that at the very least males and females were car-
rying out activities that were equally strenuous if not the 
same. It is possible that during the colonisation process 
gender distinctions were less important as the community 
worked to establish itself. More important perhaps were 
individual traits, which led to the differentiation of three 
males from the remainder of the sample.
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The Stable Isotope Analysis of 
Prehistoric Human Diet in the Pacific Islands 

with an Emphasis on Lapita

Rebecca Kinaston1 & Hallie Buckley1

Introduction 

Understanding prehistoric diet and subsistence is a ma-
jor focus of archaeological research. Important ques-
tions posed by Pacific island archaeologists include the 
introduction dates and types of domesticated plants and 
animals in prehistory, the process of horticultural inten-
sification and the pattern of consumption of native spe-
cies (both marine and terrestrial) (e.g. Denham et al. 2003; 
Hather 1992; Kennett et al. 2006; Kirch 1979; 1997; Leach 
et al. 2003; Yen 1971; 1993). Studies have also focused on 
the impact of humans on species diversity within insular 
environments as well as human responses to environmen-
tal perturbations such as climate change (Anderson 2002; 
Steadman 1993; 1999). Prehistoric diet and subsistence 
patterns of ancient humans are routinely inferred from 
archaeological, linguistic, ethnographic and palaeoenvi-
ronmental evidence, in addition to bioarchaeological ob-
servations of bones and teeth (Cohen and Armelagos 1984; 
Steckel and Rose 2002). Bioarchaeological studies can con-
tribute to addressing these questions through macroscopic, 
microscopic and molecular levels of analysis of bones and 
teeth (Katzenberg and Saunders 2008; Larsen 1997). 

Stable isotope analysis of human skeletal remains is a 
direct means of characterising prehistoric human diet 
(Katzenberg 2000; Pate 1994; Sealy 2001). This method 
provides a substantial contribution to palaeodietary stud-
ies because the individual is the unit of analysis. Stable 
isotope analysis of human calcified tissues can identify 
both intra and inter-population variation in diet, poten-
tially illuminating trends such as age, sex and temporal 
differences in diet (Katzenberg 2000; Schwarcz and Schoe-
ninger 1991). For example, culturally moderated consump-
tion patterns, such as child feeding practices or sexual dif-
ferences in diet that may be related to gender or labour 
specialization, have been identified using this method 
(e.g. Fuller et al. 2006; Katzenberg et al. 1993; Müldner and 
Richards 2005; Müldner and Richards 2007a; Schulting 
and Richards 2001; Turner et al., 2007). Other studies have 

1 Department of Anatomy, Otago School of Medical Sciences, 
University of Otago, PO Box 913, Dunedin, New Zealand

used stable isotope analysis to assess temporal changes in 
diet that may have resulted from the overexploitation of 
resources or palaeoenvironmental fluctuations (natural 
and human-moderated) (e.g. Jones and Quinn 2009; Rich-
ards et al. 2003b; Tykot and Staller 2002). Bioarchaeologi-
cal observations of oral pathologies and overall health, in 
conjunction with stable isotope analysis, can inform how 
dietary choices impacted the health of a prehistoric com-
munity providing a more holistic understanding of past 
life-ways (e.g. Kinaston 2010; Valentin et al. 2006). 

This chapter reviews the application of stable isotope anal-
ysis within the Pacific island region and provides specific 
examples of how stable isotopes can be applied using a 
biocultural approach. First, we review the general research 
surrounding prehistoric Pacific island diet and subsist-
ence with an emphasis on the cultural complex known 
as Lapita (Green 1979). Second, we introduce the stable 
isotopes commonly used for palaeodietary reconstruction 
and include some caveats associated with their application 
in Pacific contexts. Third, we review published research 
and interpretations of stable isotope data from the grow-
ing field of Pacific island stable isotope research. We com-
ment specifically on how these approaches may augment 
and enrich more traditional archaeological approaches to 
reconstructing prehistoric diet and subsistence.

Diet and Subsistence in the Pacific islands

Understanding food production systems and diet within 
the prehistoric Pacific islands is complicated by two fac-
tors: (1) biogeographical variation, and (2) the prehistory 
of Near Oceania and Remote Oceania. The division be-
tween Near and Remote Oceania marks the beginning of 
a stark reduction in native flora and fauna, with edible 
plants and animals becoming more scarce in an easterly 
movement (Green 1991). The lack of edible wild tubers 
and fruits east of the Bismarck Archipelago and limited 
diversity of native terrestrial animals (with the exception 
of birds) east of the Solomon Islands and Vanuatu would 
have made successful colonisation and continuous occu-
pation of Remote Oceania incredibly difficult without the 
introduction of new food resources (Spriggs 1993). Howev-
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er, the high degree of natural selection in Remote Oceania 
did create favourable environments for introduced plants 
and animals because these islands lacked native predators 
and competitive plants (Kirch 1979). Human settlement 
would have been highly disruptive to any oceanic island 
ecosystem and, using the Polynesian islands as an exam-
ple, humans would have ‘extensively modified the biota of 
their surroundings and often the physical landscapes as 
well’ (Kirch 1979: 288). Since pre-Lapita human remains 
from Pacific islands are limited, the following discussion 
is focused on Lapita and post-Lapita and later prehistoric 
human diet and subsistence.

Lapita diet and subsistence

Early Lapita-associated occupation sites are predominately 
coastal and situated near resource-rich fringing reefs. Not 
surprisingly, fish and shellfish are usually represented in 
the archaeological record more than any other animal 
remains (Burley 1999; Kirch 1997). High concentrations 
of shellfish in Lapita-associated middens on Tonga led 
Groube (1971: 312) to suggest the earliest settlers were ‘Oce-
anic strandloopers’ who subsisted primarily on food from 
marine environments with little dietary input from culti-
vated plants and domestic animals. However, subsequent 
excavations at early Lapita-associated occupation sites 
revealed a more complex picture of Lapita subsistence. 
Green (1979: 37) argued that the size of the settlements at 
Lapita-associated sites and the presence of pig and chicken 
bone, as well as the discovery of ‘...cooking ovens, pottery, 
cooking vessels, adzes, vegetable scrapers and peelers in 
shell, and other tools typical of Oceanic societies that uti-
lised tree and root crops’ did not support the restricted 
maritime subsistence pattern theorised by Groube (1971). 
Kirch (2000:110) suggested that Lapita subsistence econo-
mies were based around a combination of resources from 
naturally available wild sources in addition to imported 
foods adapted as part of their ‘transported landscapes’.

Lapita settlements were typically situated near stretches of 
arable land and linguistic evidence of reconstructed Proto-
Oceanic words for cultivated plants, domestic animals and 
horticultural techniques lend strong support for system-
atic subsistence practices (Kirch 1979; 1997). Macrobotani-
cal evidence for the use of arboricultural species such as 
canarium nut (Canarium spp.), coconut (Cocos nucifera), 
tropical almond (Terminalia catappa), Tahitian chestnut 
(Inocarpus fagifer) and Pandanus spp. has been found 
in two Lapita-associated sites on Mussau Island and the 
Arawe Islands in the Bismarck Archipelago (Gosden 1989; 
Kirch et al. 1989; Matthews and Gosden 1997). However, it 
has been noted that these taxa may have been introduced 
into the assemblages by beach drift from wild or cultivated 
species (Horrocks and Nunn 2007). Microfossil evidence 
of starch grains and calcium oxalate crystals (raphides) 
of taro (Colocasia esculenta) identified on plain pottery 
sherds from the Lapita site of Kamgot, New Ireland (ca. 
3300 BP) may also have been derived from wild species 
growing in the Bismarcks (Horrocks et al. 2008; Matthews 
1995). Similar questions have been raised regarding wheth-

er Musaceae (banana) found in Lapita deposits on Watom, 
New Britain originated from wild or cultivated species 
(Horrocks et al. 2009). Recently, microfossil data from 
starch grain and phytolith analysis has identified specific 
crops utilised by Lapita populations in Remote Oceania, 
including Colocasia esculenta and Dioscorea esculenta in 
Fiji (Horrocks and Nunn 2007). In Vanuatu, microfossil 
analysis of starch grains, phytoliths, calcium oxalate crys-
tals and xylem cells has been used to positively identify 
imported cultivated species including Musa (banana), Ar-
aceae (aroids) and yam (Dioscorea spp.) in Lapita-asso-
ciated sites on Uripiv, Vao and Epi islands in Northeast 
Malakula, Vanuatu. These sites also show evidence of a 
decrease in Arecaceae (palms) and increases in Poaceae 
(grasses); trends indicative of vegetation clearance likely 
associated with human settlement and horticultural activ-
ity (Horrocks and Bedford 2004; Horrocks and Bedford 
2010; Horrocks et al. 2009).

In addition to archaeological evidence, genetic research of 
modern and prehistoric animals thought to have been part 
of the Lapita ‘transported landscape’ has established their 
Southeast Asian origin, although the chronology of these 
introductions remains unresolved (Dobney et al. 2008; 
Matisoo-Smith 2007; Matisoo-Smith et al. 1999; Matisoo-
Smith et al. 1998; Storey et al. 2008). 

Despite the current evidence, researchers remain uncer-
tain as to what extent the Lapita people relied on cultivated 
plants and domesticated animals during initial settlement 
periods (Davidson and Leach 2001). Reasons for this un-
certainty lie with the limited amount of direct evidence for 
plant use, the automatic association of permanent settle-
ments with a reliance on horticulture and palaeoenviron-
mental data that does not support an abrupt transition to 
horticulture during Lapita occupation, especially in Near 
Oceania (Gosden 1995; Gosden and Pavlides 1994; Hather 
1992; Lentfer et al. 2010; Lentfer and Torrence 2007; Therin 
et al. 1999; Torrence 2011). From the original ‘strandlooper’ 
theory suggested by Groube (1971) and the development of 
the idea of a ‘transported landscape’ of subsistence foods 
(Kirch (1979; 1997), other intermediate hypotheses of Lap-
ita subsistence have emerged. Burley et al. (2001: 102) sug-
gested an economy focused on ‘optimal foraging’ of both 
marine and land-based plants and animals and Kennett 
et al. (2006) have suggested a Lapita subsistence model 
focused on exploitation of maritime resources, terrestrial 
foraging and low level food production. 

Diet and subsistence post Lapita

The stark decline in biodiversity in the smaller, more east-
erly Polynesian islands in addition to climatic variations in 
the second millennium AD made these islands extremely 
vulnerable to rapid anthropogenic change. With regard 
to Polynesia, Kirch (1984: 84) argues that ‘in a fledgling 
colony’s first years, transplanted cultigens and animals 
could not have provided a sufficient basis for subsistence, 
and the settling party would have had to depend heavily 
upon naturally abundant resources, particularly shellfish, 
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fish, wild birds, and wild plants’. However, an adoption of 
agricultural systems from the time of initial occupation 
would have been necessary for long-term survival (An-
derson 2002). East of Vanuatu the diversity of cultivated 
plants follows a pattern of reduction similar to that of the 
native biota (Barrau 1973). To compensate for this lack of 
variety of plant cultigens, a ‘refinement and diversification’ 
of specific plant species (e.g. breadfruit and taro) was un-
dertaken. Intensive agricultural systems were developed 
which paralleled an increase in social complexity, espe-
cially in Polynesian chiefdoms in areas including Tonga, 
Samoa and Hawaii (Kirch 1979; 1984). 

‘Traditional’ diet

Perceptions of food within the Pacific islands differ from 
European-based views of food philosophy. A ‘true meal’ 
in the Pacific islands usually must contain a starchy veg-
etable staple such as yam (Dioscorea spp.), taro (Colocasia 
esculenta), swamp taro (Cyrtosperma chamissonis), sweet 
potato (Ipomoea batatas), breadfruit (Artocarpus altilis), 
sago (Metroxylon spp.) or banana (Musa and Australimusa 
spp.) (Pollock 1992). Additional foods, including meat, sea-
food and coconut (Cocos nucifera) are considered accom-
paniments or, in the case of a majority of nuts and fruits, 
a snack if eaten outside the time of a meal (Barrau 1958; 
Barrau 1961; 1973; Pollock 1986). Such attitudes toward 
food and eating are in keeping with a purported Southeast 
Asian origin of subsistence (Bellwood 2011; Kirch 1979).

Some foods, such as turtle and pig, are ascribed high 
value in many Pacific islands (Leach 2003). For example, 
throughout most of the Pacific islands the consumption 
of pig is generally limited to special occasions (e.g. feasts 
associated with marriages) and the distribution of pig 
meat for social purposes ensures that the actual amount 
of pork eaten by one person is usually rather insubstantial 
(Oomen and Malcolm 1958; Parkinson 1999). Other foods 
may be prepared in specific ways to increase their cultural 
‘value’ such as the preparation of certain foods as pud-
dings or for long-term storage, such as the fermentation of 
breadfruit (Leach 2003; Pollock 1986; Yen 1975). Cultured 
food practices may also relate to certain food taboos or 
proscriptions, which may vary widely across the Pacific.  
Food taboos affect many members of a society, such as 
male initiates for men’s houses, people of certain clans, in-
fants, children, and pregnant, lactating and menstruating 
women (Davenport 1968; Oomen and Malcolm 1958; Pol-
lock 1986; Pollock 1992). Foods with certain qualities, such 
as hot cold, or slimy may be associated with specific gen-
ders, necessitating their avoidance by sub-groups within a 
population (Jenkins 1998).

Stable Isotope Analysis

Bones and teeth are usually the only biological tissues to 
survive in the archaeological context and are therefore es-
sential for the reconstruction of prehistoric diet (Schwarcz 
and Schoeninger 1991). The stable isotopes of carbon, ni-
trogen and increasingly sulphur within bone and tooth 

collagen are routinely used to assess (primarily) the pro-
tein portion of the diet of prehistoric people (Ambrose 
and Norr 1993; Katzenberg 2000; Richards et al. 2003a). 
Carbon stable isotope ratios of the inorganic phase of 
bone are representative of the whole diet (protein, carbo-
hydrates and lipids) (Ambrose and Norr 1993; Schwarcz 
2000; Tieszen and Fagre 1993). The application of sulphur 
stable isotopes for dietary reconstruction purposes is rela-
tively recent as a result of improved collagen preparation 
and mass spectrometry techniques (e.g. Craig et al. 2006; 
Nehlich et al. 2010; Nehlich et al. 2011; Nehlich et al. 2012; 
Nehlich and Richards 2009; Richards et al. 2003a). 

Stable isotope background

Stable isotope ratios refer to the quantitative relationship 
between the heavy isotope to the lighter isotope, such as 

13C/12C, 15N/14N and 34S/32S. Isotope ratios are compared 
to the isotope ratios of a known standard [Vienna Pee 
Dee Belemnite (VPDB) for carbon, atmospheric nitrogen 
(AIR) for nitrogen and Vienna Canyon Diablo Troilite 
(VCDT) for sulphur] and read as parts per thousand (per 
mil, ‰) using delta (δ) notation. Hence, the stable isotope 
values of δ13C, δ15N and δ34S are calculated by the equa-
tion: δ=[Rsample/Rstandard–1]X 1000 (‰)(Ambrose 1993). 
Compared to their respective standards, isotope ratios are 
described as being less negative (higher, enriched in the 
heavier stable isotope) or more negative (lower, depleted 
in the heavier staple isotope) (Ambrose 1993).

The stable isotope ratios of the diet are reflected in the tis-
sues of the body, but variation in the value between a con-
sumer’s diet and different tissues results from metabolic 
fractionation, termed ‘diet-tissue spacing’ (Lee-Thorp and 
Sponheimer 2006). Stable isotope ratios are ideal for trac-
ing dietary information throughout both contemporary 
and prehistoric food webs because they do not decay over 
time like unstable radioactive isotopes (i.e. 14C). Moreo-
ver stable isotopes are unevenly distributed throughout 
natural ecosystems (e.g. marine and terrestrial systems) 
and diet-tissue spacing can be measured (Schwarcz and 
Schoeninger 1991).

Bone turnover

Bone’s dynamic ability to remodel itself over an individ-
ual’s lifetime can directly affect the interpretation of sta-
ble isotope values for dietary interpretations (Waters-Rist 
and Katzenberg 2010). It has been suggested that corti-
cal femoral bone collagen reflects an individual’s diet for 
a period substantially longer than 10 years before death 
but elements with more cancellous bone (such as ribs) re-
model more quickly (Hedges et al. 2007). The exact rate of 
bone turnover of subadults is unknown. Clinical studies 
show that, as a result of rapid growth, the bone turnover 
in infants and children is significantly elevated compared 
to adults (Lapillonne et al. 2000; Yang and Grey 2006). In 
contrast to bone, the stable isotope values in dentine and 
tooth enamel are representative of diet during the time of 
tooth formation. Depending on the type of dentition (de-
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ciduous or permanent) and tooth type, the formation time 
may represent the mother’s diet (if the tooth was formed in 
utero), infant diet or childhood/juvenile diet (Richards et al. 
2002; Scheuer and Black 2000; Wright and Schwarcz 1998).

Carbon

Carbon stable isotope ratios are used to differentiate be-
tween the consumption of plants with differing photosyn-
thetic pathways (C3, C4 and CAM plants) and the origin of 
a consumer’s protein resources (e.g. marine or terrestrial) 
(Ambrose 1993; Schwarcz and Schoeninger 1991). The C3 
photosynthetic pathway is characteristic of most trees, 
shrubs and grasses in temperate environments and tropi-
cal rainforests (O’Leary 1988), and is typical of most plant 
foods utilised by prehistoric Pacific islanders. The global 
δ13C average for C3 plants has recently been estimated 
at approximately –28.5‰ (Kohn 2010). Additionally, the 
recycling of 13C-depleted CO2 from decomposing forest 
floor litter by actively photosynthesising plants can affect 
δ13C values in dense rainforest environments. This phe-
nomenon is termed the ‘canopy effect’ and results in plant 
δ13C values <–31.5‰ (Kohn 2010) within a C3 system (van 
der Merwe and Medina 1989; 1991).

C4 plants include most grasses that grow in hot, sunny and 
water-restricted environments (O’Leary 1988). In the Pa-
cific, however, the only prehistoric C4 domesticate is sugar-
cane. Some seaweeds may utilize a C4 photosynthetic path-
way or display δ13C values similar to C4 plants as a result 
of the utilisation of marine source carbon (Benedict et al. 
1980; Yamamuro et al. 1995). CAM plants are primarily cacti 
and succulents (Schwarcz and Schoeninger 1991; van der 
Merwe 1982) and, in most cases, are relatively unimportant 
resources for prehistoric Pacific islanders, with a few ex-
ceptions including Portulaca lutea (Allen and Craig 2009). 
It has been noted that the consumption of sugarcane and 
other low-protein C4 plants, such as duruka (Saccharum 
edule) and Portulaca lutea, may not be well reflected in 
bone collagen because of their high carbohydrate com-
ponent and smaller dietary influence compared to starchy 
vegetable staples (Saunders et al. 1997). 

Plants and animals in most marine environments in con-
trast to most terrestrial ecosystems are 13C-enriched as a 
result of the multiple sources of marine carbon (e.g. ter-
restrial detritus washed into oceans by rivers, dissolved 
CO2 and dissolved carbonic acid). Plankton and marine 
plants form the base of marine food webs and exhibit 
intermediate δ13C values between terrestrial C3 and C4 
plants (van der Merwe 1992). The observable differences 
in δ13C values between marine and terrestrial ecosystems 
are the basis of interpreting a marine diet using carbon 
but, as will be discussed later in the chapter, δ13C values 
should be used in conjunction with nitrogen stable isotope 
ratios (Richards and Hedges 1999; Schoeninger and De-
Niro 1984) and, when appropriate, sulphur stable isotope 
ratios (Nehlich et al. 2011; Richards et al. 2003a). Freshwa-
ter aquatic ecosystems are comparatively depleted in 13C 
compared to terrestrial plants and animals because carbon 

in freshwater systems is obtained from both the atmos-
phere and geological sources (Nehlich et al. 2011; Richards 
et al. 2001a).

Modern atmospheric CO2 is depleted in 13C by 1.5‰ com-
pared to pre-industrial times as a result of the Industrial 
Revolution (Tieszen 1991). This temporal variation, known 
as the Suess effect, must be taken into account if modern 
plants and animals are used as parameters to interpret an-
cient diet by adding 1.5‰ to the δ13C value determined for 
terrestrial and 0.86‰ for marine organisms. The variation 
in the Suess effect between marine and terrestrial systems 
is a result of the slower turnover in the dissolved inorganic 
carbonate (DIC) reservoir of the oceans (Beavan-Athfield 
et al. 2008). 

The majority of carbon in bone collagen is obtained from 
dietary protein because amino acids are preferentially 
routed for collagen synthesis (Ambrose 1993; Tieszen 
and Fagre 1993). However, other macronutrients may also 
contribute carbon, especially if the diet is low in protein 
(Ambrose et al. 1997; Froehle et al. 2010; Schwarcz 2000). 
A number of human and animal studies have established 
that mono-isotopic diets (i.e. entirely C3) result in diet-
tissue spacing of approximately +5‰ but the diet-tissue 
spacing of carbon stable isotope ratios of bone collagen 
is influenced by the isotopic composition of the dietary 
macronutrients (Froehle et al. 2010; Jim et al. 2004; Kellner 
and Schoeninger 2007; van der Merwe and Vogel 1978). 
There is a small trophic effect in δ13C values of 0–2‰ 
in subsequent steps up the food chain (Bocherens and 
Drucker 2003). Carbon stable isotopes in the inorganic 
phase of bones and teeth (bone apatite and tooth enamel 
respectively) are used for dietary interpretations of ‘whole 
diet’ (e.g. protein, carbohydrates and lipids) (Ambrose and 
Norr 1993; Tieszen and Fagre 1993). Bone carbonate diet-
tissue spacing is much larger than collagen and averages 
+12.0‰, but ranges between +11.0‰–+13.5‰ depending 
on dietary physiology (i.e. ruminates) and body mass 
(Krueger and Sullivan 1984; Lee-Thorp et al. 1989; Passey 
et al. 2005).

Nitrogen

Nitrogen stable isotopes (δ15N) are present in amino acids 
that comprise bone collagen proteins and, as these are syn-
thesised from dietary proteins, they are representative of 
the protein fraction of the diet. Nitrogen isotopes are used 
in palaeodietary studies for several reasons including the 
identification of marine vs. terrestrial resource exploitation 
and to understand trophic positions within an environ-
mental system (DeNiro and Epstein 1981; Minagawa and 
Wada 1984). There is a stepwise enrichment in 15N from 
primary producers to top consumers in a specific system 
(e.g. marine or terrestrial) of approximately +2–4‰ per 
trophic level (Schoeninger and Moore 1992: 258; Schwarcz 
and Schoeninger 1991; Wada et al., 1991). A trophic effect 
is also observable in the δ15N values of infant tissues, in-
cluding bone and tooth collagen, as a result of the infant 
consuming its mother’s milk (Fuller et al. 2006).
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Within terrestrial systems, non-N2-fixing plants and N2-
fixing plants (e.g. legumes) fractionate N2 differently re-
sulting in higher and lower δ15N values respectively. How-
ever, there are limited edible N2-fixing plants present in the 
Pacific to influence human δ15N values. Marine systems 
have higher δ15N values compared to terrestrial systems 
because a majority of the available nitrogen comes from 
bacteria and there are more trophic levels in marine food 
webs (Schoeninger 1995). However N2-fixing organisms 
including cyanobacteria in certain marine environments, 
such as coral reef, seagrass and mangrove ecosystems, dis-
play relatively low δ15N values and may appear similar to 
terrestrial systems (Keegan and DeNiro 1988; Yamamuro 
et al. 1995). Freshwater organisms display higher δ15N val-
ues than their terrestrial counterparts, likely a result of 
relatively longer food chains and corresponding trophic 
enrichment (Privat et al. 2007; Richards et al. 2001b).

Sulphur

Sulphur stable isotope ratios (δ34S) of bone collagen are 
used to identify marine and non-marine food resources 
because marine systems typically display higher δ34S val-
ues compared to terrestrial systems (Krouse and Herbert 
1988; Richards et al., 2001a). Recently, sulphur has been 
used to identify freshwater resources in areas where ma-
rine foods have not been exploited (Privat et al. 2007). 
Sulphur enters into terrestrial systems via plants through 
several sources including weathering bedrock, wet atmos-
pheric deposition (sea spray, acid rain), dry atmospheric 
deposition (SO2 gas) and microbial processes in the soil 
(Hedges et al. 2005: 126; Nehlich et al. 2011; Richards et al. 
2003a). Terrestrial δ34S values range from –5‰ to +10‰, 
but variation from this range may occur as a result of mi-
crobial processes, the underlying geology and, discussed 
below, proximity to the ocean (Faure 1977; Nehlich et al. 
2011; Peterson and Fry 1987). The wide range of δ34S values 
observed in freshwater ecosystems (-22‰ to +20‰) is in-
fluenced by microbial activity in anaerobic lake and river 
sediments (Canfield 2001; Peterson and Fry 1987). 

Analyses of marine water have demonstrated that oceanic 
sulphate (SO4-) has a uniform mean δ34S value of around 
+20‰ as a result of the continuous mixing of the oceans 
(Rees et al. 1978) with marine autotroph δ34S values rang-
ing from about +17 to +21 (Krouse and Herbert 1988; 
Peterson and Fry 1987). The δ34S values of samples from 
coastal or near coastal environments may be influenced by 
the ‘sea spray effect’, which results from 34S-enriched ocean 
water particles travelling inland elevating δ34S values of 
coastal terrestrial food webs (Richards et al. 2003a). The 
sea spray effect is important to consider with respect to 
Pacific island palaeodiet studies and future applications 
of the technique. A strong correlation between the %S 
and the δ34S values may be indicative of extrinsic sulphur 
contamination of bone collagen from sea spray or another 
source (Kinaston et al. 2013a). 

For example, volcanism would also contribute to increased 
sulphur available in terrestrial systems and therefore it is 

important to ascertain local geological δ34S values (Ne-
hlich et al. 2011). Although available sulphur would be 
higher in areas associated with volcanism, the δ34S values 
for volcanic sources in other areas of the world is variable 
(~2–7‰) (Thode et al. 1961) and does not appear to be 
much higher than the range of terrestrial δ34S values ob-
served elsewhere. The effect of active and extinct volcan-
ism on environmental δ34S values is an interesting avenue 
for future research in the Pacific region. 

The trophic effect is minimal with regard to the fractiona-
tion of sulphur stable isotopes, although a few experi-
mental studies have been conducted focusing on δ34S and 
trophic levels (Kennedy and Krouse 1990; Richards et al. 
2003a). The diet-tissue spacing for δ34S values of tissues 
other than bone collagen is quite small for terrestrial ani-
mals (Kennedy and Krouse 1990; Peterson and Fry 1987; 
Richards et al., 2003a) and can result in negative fractiona-
tion in marine organisms (Krouse 1989; Krouse and Her-
bert 1988). Leach et al. (2003) suggest a diet-tissue spacing 
for δ34S values of 1.3‰ and –0.9‰ for terrestrial and ma-
rine organisms respectively when interpreting potential 
dietary items.

Baseline data

The interpretation of palaeodiet from stable isotope analy-
sis typically involves the comparison of human data with 
the stable isotope composition of possible dietary compo-
nents, essentially the ‘menu’ of the people under investiga-
tion (Ambrose 1993; Bumsted 1985). This is best conducted 
on prehistoric animal remains from the archaeological 
context, although animals contemporary with burials can 
be difficult to obtain (Hedges et al. 2005). The use of floral 
and faunal stable isotope data that are not specific to the 
archaeological site(s) under investigation can introduce 
some error in the interpretations of human diet, espe-
cially with regard to inter-site comparisons (Lee-Thorp 
2008; Schwarcz and Schoeninger 1991). However, in the 
absence of site-specific isotope baseline data, the applica-
tion of a dietary frame of reference for the island or re-
gion using previously published stable isotope values of 
modern plants and both modern and prehistoric animals 
is the best possible method to understand human food 
consumption patterns in the past.

Kinaston (2010) developed a dietary baseline of δ13C, δ15N 
and δ34S values using previously published values (see 
Kinaston et al. 2013) for modern and prehistoric Pacific 
island plants and animals to assess the diet of six differ-
ent skeletal samples from the Western Pacific (Papua New 
Guinea, the Solomon Islands and Vanuatu). Prehistoric 
pigs, dogs, chickens and rats were removed because animal 
husbandry methods, including fodder type, likely varied 
between sites. Faunal bone collagen δ13C values were cor-
rected for the difference between bone collagen and flesh 
by subtracting 3.7‰ for fish bone and 2.25‰ for all other 
animal bone, as flesh is usually the tissue consumed by 
humans (Beavan-Athfield et al. 2008; Keegan and DeNiro 
1988; Teiszen and Fagre 1993). Modern plants and both 
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modern and prehistoric animals were divided into general 
groups and mean values (±1 SD) were calculated for each 
dietary group for comparison with the human values (Fig. 
1). Human stable isotope values were plotted in reference 
to the dietary baseline and diet-tissue spacings (discussed 
above) were applied to interpret prehistoric diet.

It is best practice to use all available information regard-
ing diet; biogeographic, environmental, archaeological, 
ethnographic, historic and linguistic for a specific skeletal 
sample to best interpret the stable isotope data, especially 
when using a generic ‘Pacific island’ baseline in lieu of site-
specific floral and faunal data.

Sources of Isotopic Variation 

Dietary reconstruction from stable isotope analysis relies 
on the assumption that the stable isotope values of foods 
are reflected in calcified tissues (taking into account diet-
tissue spacing), these values have not been altered in the 
burial environment and remain true after tissue purifica-
tion and analysis by mass spectrometry (Ambrose 1993). 
Inconsistencies in stable isotope values and, consequently, 
in dietary interpretations can primarily be attributed to 
environmental, nutritional, physiological and diagenetic 
sources of variation (Ambrose 1993: 63). 

Variation resulting from nutrition

Variation in prehistoric human diet is expected as a result 
of humans’ omnivorous food habits. To function normal-
ly the human body requires that a certain proportion of 

the diet constitute macronutrients such as carbohydrates, 
lipids and protein, in addition to a number of essential 
micronutrients. Variation in macronutrients between 
foods can influence the isotopic values of the consumer 
because macronutrients have exhibited different δ values 
when compared. For example, lipids have been found to 
have lower δ13C values than proteins and carbohydrates 
(Kennedy and Krouse 1990) and therefore when analysing 
potential modern foodstuffs for the creation of a dietary 
baseline, care must be taken to remove the lipid content 
of foods (O’Connell et al. 2001). As mentioned, the δ15N, 
δ13C and δ34S values of bone and tooth collagen is a re-
flection principally of the protein fraction of the diet as a 
result of direct routing of certain amino acids from food 
into bone and tooth collagen, whereas the δ13C values of 
carbonate in bone apatite and tooth enamel is mostly syn-
thesized from all dietary macronutrients (Ambrose and 
Norr 1993; Tieszen and Fagre 1993). When interpreting 
palaeodiet using solely bone collagen this must be taken 
into consideration as protein-rich foods such as meat and 
fish may overshadow low protein foods such as vegeta-
bles (Ambrose et al. 1997). Used in conjunction with one 
another, the analysis of both bone collagen and carbon-
ate can illuminate both protein and whole diet (Ambrose 
et al. 1997) although, as will be discussed, bone apatite is 
particularly vulnerable to postmortem diagenetic changes. 

Diagenesis

After the decomposition of soft tissues, bone and teeth 
come into direct contact with the burial environment. As 
a result of the specific organic and inorganic constitution 

Figure 1. Baseline Pacific island δ13C and δ15N values (mean ± 1 sD) from numerous Pacific island stable isotope studies (see 
Kinaston et al., 2013).
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of bone and teeth these tissues have the potential to sur-
vive for thousands and, in some cases, millions of years 
underground (Child 1995). However, certain taphonomic 
processes will affect bone and teeth after burial, leading to 
the diagenetic alteration of these tissues (Turner-Walker 
2008). Lee-Thorp (2008: 929) emphasises:

The pathways of diagenesis in bone, dentine and 
enamel, and in the organic and inorganic components 
of these tissues, vary markedly because of their chemi-
cal and structural differences, while the main external 
influences remain those of moisture and pH, microbial 
attack, temperature and time.

The arrangement and density of the bioapatite crystals in 
enamel and of type 1 collagen in dentine result in the bet-
ter preservation of dental tissues in the burial environ-
ment compared to bone. The porosity of cancellous bone 
(highly vascular, spongy bone present in the end of long 
bones and within vertebrae) can result in an acceleration 
of decomposition. Therefore more robust cortical bone 
(dense, compact bone found in the diaphysis of long bones 
and forming the outer shell of other bones) is preferred for 
isotopic analyses (Turner-Walker 2008). Standard prepa-
ration methods to refine and purify the type 1 collagen in 
bone or tooth dentine are usually a modified Longin (1971) 
method such as that used by Brown et al. (1988) and Col-
lins and Galley (1998). Tooth enamel and bone carbonate 
is typically prepared for δ13C analysis using methods such 
as those outlined in Koch et al. (1997).

Collagen quality indicators

Collagen quality indicators are used to ensure diagenetic 
processes have not affected the preservation of bone and 
tooth collagen. Atomic C:N ratios are a well accepted 
means of assessing collagen quality (Ambrose 1993). A 
C:N ratio of 2.9–3.6 is recognised as a good predictor of 
well-preserved collagen and any diagenetic alteration of 
bone samples within this range is presumed small and 
not enough to significantly alter the δ values (DeNiro 
1985). High C:N ratios (>3.6) can be indicative of the deg-
radation of type I collagen or contamination by humic 
substances or carbonates (Masters 1987). Low C:N ratios 
(< 2.9) can indicate bacterial contamination of a sample or 
contamination by nitrogen-rich substances (Schoeninger 
et al. 1989). Additionally atomic C:S and N:S ratios have 
also been suggested as good indicators of collagen quality 
for sulphur stable isotope analysis. These ratios are calcu-
lated in a similar way to the C:N ratio.  From a large study 
of modern and prehistoric animals, Nehlich and Richards 
(2009) suggested the atomic C:S ratio of 600±300 and an 
atomic N:S ratio of 200 ± 100 were indicative of well pre-
served bone collagen for mammals. 

The percentage of nitrogen, carbon and sulphur within 
bone collagen is another indicator of possible postmor-
tem diagenetic alteration. Modern mammalian bone col-
lagen has ~43% carbon, 16% nitrogen and 0.28% sulphur 
(Ambrose and Norr 1993; Nehlich and Richards 2009). It 

has been found that wt %C values >45% are usually indica-
tive of contamination of the collagen extract by exogenous 
organic and inorganic substances and wt %C < 6.6%, in 
conjunction with wt %N < 1.9%, can indicate the deteriora-
tion of native proteins (Ambrose and Norr 1993; Nehlich 
and Richards 2009).  A more recent study has suggested a 
good quality collagen has a wt %C above 30% and a wt %N 
above 11% (van Klinken 1999).

Some studies have used collagen yield to assess collagen 
integrity, as small yields (< 1% weight) are indicative of col-
lagen degradation (Hedges et al. 1995; van Klinken 1999). 
However the use of ultrafilters (i.e. Millipore Amicon® Ul-
tra-4 centrifugal filter units, 30,000 NMWL) to refine colla-
gen will reduce the collagen yield by ~50% or more (Jørkov 
et al. 2007; Müldner and Richards 2005). Ultrafiltration 
removes contaminants of low molecular weights (i.e. less 
than 30 KDa), such as fulvic acid, in addition to non-col-
lagenous proteins (Brown et al. 1988). Although the yield 
is lower, the quality of the collagen after ultrafiltration is 
higher and has been increasingly adopted in stable isotope 
analysis where appropriate (Jacobi et al. 2006; Müldner 
and Richards 2007a; 2007b).

Pacific Island Stable Isotope Studies

A number of studies have used stable isotope analysis to 
reconstruct the diet of prehistoric Pacific islanders (Table 
1). The re-dating of a number of supposed Lapita-era skel-
etal remains by Petchey et al. (2011) has shown that some 
of these post-date the Lapita period (i.e. Field et al. 2009, 
Pietrusewsky et al. 1998; Leach et al. 2003). The only pal-
aeodietary analyses of Lapita-era individuals from intact 
burials are from the sites of Teouma on Efate Island, Vanu-
atu (Valentin et al. 2010; Kinaston et al. 2009) and Watom 
Island in the Bismarck Archipelago, Papua New Guinea 
(Leach et al. 2003). The three Late Lapita human samples 
from the Lau Islands, Fiji, were not collected from intact 
burials (Jones and Quinn, 2009). Although the analysis 
of skeletal material not associated with burials can shed 
light on general diet, it is necessary to analyse aged and 
sexed individuals to fully understand trends in diet within 
a prehistoric community. Additionally, Pacific island ra-
diocarbon dating studies have included the use of stable 
isotopes to help calibrate dates but were not focused on 
palaeodiet per se (Beavan-Athfield et al. 2008; Petchey and 
Green 2005; Petchey et al. 2011).

The palaeodietary assessments of larger Lapita-associated 
skeletal samples have begun to illuminate Lapita diet and 
subsistence directly. The stable isotope analysis of the 
largest Lapita-associated skeletal sample to be discovered 
in the Pacific, Teouma (3100–2900 BP), showed that the 
initial colonisers of Vanuatu utilized a subsistence regime 
focused on the local inshore environment and native ter-
restrial species, although domesticates such as pig and 
horticultural products may have also been utilised (Val-
entin et al. 2010). The analysis of a large variety of mod-
ern animals and prehistoric faunal remains from both the 
burial ground and Lapita midden at Teouma (currently 
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Table 1. Pacific island palaeodietary studies using stable isotope analysis including mean (± 1 SD) values for carbon (bone 
carbonate and bone collagen), nitrogen and sulphur stable isotope ratios.

Site/Location na = Dates
Mean 

δ13Ccarbb 
(± 1 SD)

Mean 
δ13Cc 

(± 1 SD)

Mean 
δ15Nc 

(± 1 SD)

Mean 
δ34Sc 

(± 1 SD)

Ref.
(see

below)

Rota Island, Mariana Islands (Teteto-Guata, 
Unginao-Uyulan and Salug-Songton sites)

10 Post AD 1000 (cited in 1)
–11.5 
(± 1.1)

–18.1 
(± 1.1)

9.0 
(± 1.3)

(1)

Agana, Guam, Mariana Islands (Backhoe 
trench and San Antonio burial trench)

5 AD 950–1350 (cited in 1)
–12.1 
(± 0.3)

–17.4 
(± 0.6)

9.5 
(± 0.5)

(1)

Saipan Island, Mariana Islands (MacHomes and 
Nansay sites)d 4

Latte phase (post AD 1000) 
(cited in 1)

–9.1 
(± 1.1)

–16.0 
(± 5.1)

8.2 
(± 0.2)

(1)

Saipan Island, Mariana Islands (Duty Free Site) 4
Latte period (AD 1250–1350) 
(cited in 1)

–9.3 
(± 0.6)

–18.7 
(± 0.2)

7.5 
(± 1.3)

(1)

Afetna, Saipan, Mariana Islands 10 ca. 1500 –1300 BP (cited in 2)
–18.7 
(± 0.8)

9.5 
(± 0.9)

(2)

Saipan, Mariana Islands (Duty Free Site) 4 ca. 615–670 BP  (cited in 2)
–18.7 
(± 0.2)

7.5 
(± 1.3)

(cited 
in 2)

Rota Island, Mariana Islands (SNM Hotel and 
Vista del Mar sites)

12
2000–250 BP (most dating to 
Latte period post 1000 BP) 
(cited in 3)

–18.1 
(± 0.9)

9.0 
(± 1.1)

(3)

Nebira, Papua New Guineae 28 800–300 BP (4)
–16.7 
(± 3.1)

9.5 
(± 0.7)

3.4 
(± 2.1)

(5)

Teouma, Efate Island, Vanuatuf 40 ca. 3100–3000 BP (6)
–16.1 
(± 1.3)

12.3 
(± 1.0)

(7, 8)

Kone, New Caledoniaᵍ 1 2110–1990 cal BP (9) –12.2 11.1 (10)

Viti Levu, Sigatoka Valley, Fiji (Nokonoko site)h 2 1300–1174 cal BP (11)
–19.3 
(± 0.1)

9.9 
(± 1.6)

(11)

Viti Levu, Sigatoka Valley, Fiji (Bukusia site) 1
Possibly earlier than 150–250 
cal. BP (11)

–19.4 7.3 (11)

Waya Island, Fiji (Olo site) 8
2758–2503 cal. BP (11, but 
redated by 9 as post-Lapita)

–15.5 
(± 0.9)

10.1 
(± 0.7)

(11)

Waya Island, Fiji (Qaranicagi site) 7 760–250 cal. BP (11)
–15.4 
(± 1.0)

9.2 
(± 0.8)

(11)

Lau Island Group, Fiji (Na Masimasi site) 3
Early/ 2760–2700 cal. BP 
(cited in 12)

–10.2 
(± 0.5)

–16.8 
(± 0.7)

9.2 
(± 1.0)

(12)

Lau Island Group, Fiji (Dau rockshelter) 1
Early-mid/ 2460–1310 cal. BP 
(cited in 12)

–10.4 –13.9 10.4 (12)

Lau Island Group, Fiji (Nukutubu rockshelter 2, 
Qara ni lulu, Ulunikoro, and Korovatu 
rockshelter 2 sites)

4
Mid-Late/ 710–420 cal. BP 
(cited in 12)

–12.5 
(± 1.2)

–16.5 
(± 1.7)

9.4 
(± 0.9)

(12)

Lau Island Group, Fiji (Coastal rockshelter) 1 Late/ no AMS (cited in 12) –12.9 –16.5 9.3 (12)

Cikobia island (Fiji)i 9
Late prehistoric/historic (ca. 
AD 1850) (13)

–17.2 
(± 0.4)

9.5 
(± 0.5)

(13)

Tutuila island, American Samoa (Fatu-ma-Futi 
site) j 7 ca. 440–1100 cal. BP (14)

–18.0 
(± 0.7)

11.3 
(± 1.9)

(14)

Tutuila island, American Samoa (Lauli’i site)k 6 ca. 380–535 cal. BP (14)
–18.2 
(± 0.3)

11.2 
(± 0.7)

(14)

Tutuila island, American Samoa (Ili’ili site) 1 244pm 31 cal. BP (14)
–17.3 
(± 1.4)

10.5 (14)

Aitutaki, Cook Islands (Ureia and Moturakau 
sites)

18 AD 1210–1850 (15)
–15.8 
(± 1.6)

11.5 
(± 0.8)

(15)

Hanamiai site, Marquesas Islands, French 
Polynesial 4

ca. AD 1025–1850 AD (cited 
in 16)

–16.4
18.8 

(± 1.7)
(16)

Kapingamarangi Atoll, Micronesia 2
Post 700 BP, pre-European 
(cited in 17)

–15.7 
(± 0.5)

20.1 
(± 0.1)

14.5 
(± 1.5)

(17)

Watom, Papua New Guineamn 5 2800–2350 cal. BP (9)
–18.0 
(± 0.5)

11.9 
(± 1.9)

11.5 (17)

Nebira, Papua New Guinean 15 ca. 800–300 BP (4) –14.5
10.9 

(± 0.7)
1.8 (17)

Motupore, Papua New Guinean 13 ca. 800–300 BP (18) –15.7
11.4 

(± 1.8)
10.9 (17)



99

 University of otago stUdies in archaeology · no. 25

Site/Location na = Dates
Mean 

δ13Ccarbb 
(± 1 SD)

Mean 
δ13Cc 

(± 1 SD)

Mean 
δ15Nc 

(± 1 SD)

Mean 
δ34Sc 

(± 1 SD)

Ref.
(see

below)

Tina, New Caledonia 2 850 BP (cited in 17)
–15.1 
(± 0.3)

9.8 
(± 0.6)

12.9 
(± 1.7)

(17)

Taumako, Duff Islands, Solomon Islandsn 20 ca. 300–750 BP (19)
–16.9 
(± 1.5)

11.0 
(± 1.6)

13.4 
(± 3.2)

(17)

Pea (To–1), Tonga 1 1240–1090 cal. BP (9) –15.4 10.3 12.5 (17)

Tinian, Mariana Islands 3 ca. 300 BP (cited in 17)
–18.0 
(± 0.2)

11.3 
(± 1.5)

15.3 
(± 1.4

(17)

Saipan, Mariana Islands 1 ca. 700 BP (cited in 17) –19.4 11.5 17.6 (17)

Saipan (Marianas High School), Mariana 
Islands

1 undated –18.0 11.6 14.1 (17)

‘Atele (mound ToAt 1), Tongan 8 Post 1200 BP (20)
–18.1 
(± 1.0)

10.3 
(± 0.9)

13.0 
(± 2.3)

(17)

‘Atele (mound ToAt 2), Tongan 12 ca. 1000–280 BP (20)
–17.7 
(± 0.1)

10.2 
(± 0.8)

12.5 
(± 0.4)

(17)

Lakeba (Wakea), Lau Islands, Fijio 1 671pm30 cal. (9) –15.8 11.7 15.9 (17)

Lakeba (Qaranipuqa), Lau Islands, Fijio 2 2389pm 30 cal. BP (9)
–16.2 
(± 0.5)

9.9 
(± 0.6)

13.3 (17)

Rapa Nuin 12
Late Period and Protohistoric 
period (cited in 17)

–18.4 
(± 0.8)

13.5 
(± 0.8)

14.4 (17)

Chatham Islands, New Zealandn 5 undated
–14.3 
(± 1.2)

18.3 
(± 1.4)

15.5 
(± 1.0)

(17)

Chatham Islands (Waihora), New Zealandn 4
ca. AD 1500–1800 pre-Euro-
pean (21)

–14.8
17.3 

(± 0.3)
16.1 (17)

Rotoiti, New Zealandn 8 Before AD 1860 (cited in 17)
–18.3 
(± 0.9)

11.9 
(± 1.0)

3.6 
(± 3.7)

(17)

Wairau Bar, New Zealand 1 ca. AD 1300 (22) –15.9 16.0 13.3 (17)

Lagoon Flat, New Zealand 1
Pre- European, possibly 
400–500 BP (cited in 17) 

–15.6 18.5 15.1 (17)

Taumako, Duff Islands, Solomon Islandsp  
    

99 ca. 300–750 BP (19)
–16.4 
(±0.6)

11.5 
(±0.9)

14.5 
(±0.7)

(25)

Wairau Bar, New Zealandq   
  

27 ca. AD 1300 (22)
–17.6 
(±1.7)

15.9 
(±1.9)

(26)

a. Only human individuals that reached the collagen quality indicators in each respective study are included in the table.
b. Bone carbonate δ13C values (‰).
c. Bone collagen values (‰).
d. One individual dated to the Historic Period removed from analysis.
e. n=17 for δ34S analysis.
f. Includes δ13C and δ15N values from seven foetal/perinatal individuals.
g. δ13C and δ15N values from Pietrusewsky et al. (10). Petchey et al. (9) have obtained new δ13C, δ15N and δ34S data from the re-dating of this 

skeleton (not included).
h. Includes one infant.
i. Includes one 8–9 year old individual and some individuals may be from the Historic period.
j. Includes two 2 year old individuals.
k. Included one 7–8 year old individual.
l. Tooth dentine analysed. 
m. δ13C, δ15N and δ34S values from original study (17). Other radiocarbon dating studies (9, 23, 24) have generated δ13C, δ15N and δ34S data for the 

Watom skeletal sample but these are not included in the table.
n. Not all individuals were analysed for δ13C and δ34S, although all were analysed for δ15N. Therefore a majority of these individuals cannot be 

assessed for collagen quality by standard methods (e.g. C:N ratios and %C). 
o. δ13C and δ15N values included from Leach et al. (17). Petchey et al. (9) have obtained new δ13C, δ15N and δ34S data from the re-dating of these 

skeletons (not included).
p. The entire Taumako skeletal sample was analysed by Kinaston et al. (25) including the 20 individuals previously analysed by Leach et al. (17). 

Note that n=59 for δ34S analysis.
q. The one individual from Leach et al. (17) was reanalysed as part of a larger study conducted by Kinaston et al. (26) 
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underway) will assist in clarifying if the terrestrial portion 
of the diet of the Teouma people consisted of primarily of 
wild or domesticated species. Kinaston et al. (2009) noted 
a statistically significant difference in δ15N but not δ13C 
values between males and females at Teouma, with males 
exhibiting higher δ15N values. One interpretation of this 
trend is that men were eating food from a higher trophic 
level, likely meat products (e.g. pig, fish, wild terrestrial 
animals and marine turtles) which may indicate men were 
consuming more prestige foods than females. Addition-
ally this study found that there was also possible evidence 

for maternal ill-health at the site, based on elevated car-
bon and nitrogen stable isotope ratios of foetal/newborn 
(perinatal) individuals. In previous studies elevated δ15N 
values have been observed to be associated with disease 
(Katzenberg and Lovell 1999; White and Armelagos 1997) 
and maternal stress in utero was suggested as a possible 
cause for the elevated isotope values of the observed peri-
natal individuals at Teouma (Kinaston et al. 2009).

A similar research project focused on Lapita and directly 
post-Lapita skeletons is underway using a skeletal sample 

Table 1 continued.
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from Uripiv, Northeast Malakula, Vanuatu. This project 
focuses on the possible temporal changes in diet that oc-
curred after initial Lapita settlement of the island. It is of 
particular interest to assess horticultural transitions on 
small, insular island environments to assess human ad-
aptation during early colonisation in the Pacific islands. 
A preliminary stable isotope analysis of a small sample of 
Uripiv skeletons (n=6) has identified a diachronic change 
in diet attributed to an increased consumption of horticul-
tural foods or domestic animals (Kinaston 2010).

Skeletons from Watom Island, Papua New Guinea have 
been analysed multiple times for paleaodietary studies 
(Leach et al. 2000; Leach et al. 2003; Quinn 1990) and 
radiocarbon dating (Beavan-Athfield et al. 2008; Petchey 
and Green 2005; Petchey et al. 2011). The stable isotope 
analysis of the Watom Island burials, even the studies 
where collagen fell outside the acceptable collagen qual-
ity criteria (Leach et al. 2000; Leach et al. 2003), generally 
found the diet at Watom consisted of a high proportion of 
terrestrial protein sources with marine resources coming 
from the reef/inshore environment. The island of Watom 
has arable land for horticulture and adequate land area 
for domestic animals. Faunal analysis (Smith 2000) and 
the association of the site with mid-late Lapita phases (ca. 
2800–2350) (Petchey and Green 2005) support that a large 
proportion of the terrestrial animals eaten on Watom were 
domesticated species, especially pig. Macrofossil and mi-
crofossil evidence from the site indicated that during the 
use of the burial ground a number of domesticated nuts 
and banana were also cultivated (Lentfer and Green 2004; 
Specht 1968). Used in conjunction with one another, the 
archaeological and stable isotope analysis suggest that by 
the mid and late Lapita periods, the inhabitants of Watom 
were reliant on established horticulture and animal hus-
bandry. As a result of continued excavations during 2008 
and 2009, the Watom skeletal sample has nearly doubled 
in size and these new individuals, in addition to the analy-
sis of prehistoric faunal material, are included in a forth-
coming palaeodietary study (Kinaston, in prep). 

An analysis of a skeletal sample from site ACJ, Nebira (ca 
800–300 BP), from the south coast of Papua New Guinea 
used carbon, nitrogen and sulphur stable isotope ratios 
to assess the palaeodiet of 28 individuals (Kinaston et al. 
2013). From the δ13C and δ15N values it was suggested the 
diet at Nebira included both C3 (likely starchy vegetable 
staples) and C4 resources. The low δ34S values of the indi-
viduals from Nebira indicated the high δ13C values were 
not a result of the consumption of marine foods. As a re-
sult of the limited amount of edible C4 plants other than 
sugarcane in the region, it was suggested the C4 signal in 
the human bone collagen was likely due to the consump-
tion of wallabies and other animals that grazed grasslands 
that surround the site. No significant differences were ob-
served between males and females, but juveniles (n=3) did 
display higher δ34S values than the adults, which suggests 
that they consumed more freshwater organisms caught in 
the Laloki river adjacent to the site or the nearby Waigani 
swamp (Kinaston et al. 2013). 

In Micronesia, a stable isotope analysis of prehistoric indi-
viduals from Afetna (n=10) indicated more marine foods 
were consumed than originally identified from archaeo-
faunal analysis (McGovern-Wilson and Quinn 1996), how-
ever the collagen preparation used in their study was not a 
standard technique and their results may be questionable 
(Ambrose et al. 1997). A possible status-related difference 
in diet was tentatively suggested for one of two individu-
als identified as ‘high status’ from burial practices and 
evidence for artificial tooth modification. It was proposed 
this ‘high-status’ individual derived a much higher propor-
tion of their diet from marine foods compared to the rest 
of the population (McGovern-Wilson and Quinn 1996). 

Another Micronesian study utilising both bone collagen 
and bone apatite found that with a dual approach, previ-
ously unknown plant-based dietary sources could be iden-
tified at three prehistoric sites (Ambrose et al. 1997). They 
found that the Chamorro individuals from Rota (n=10) 
and Guam (n=5) had similar diets comprised of about 
30–40% marine protein. Additionally, on Rota some indi-
viduals were consuming a significant amount of C4 plants 
such as sugar cane and/or seaweed. The prehistoric indi-
viduals from Saipan (n=9) had significantly different diets 
than the individuals from Rota or Guam, which consisted 
of less marine protein but larger amounts of low protein 

13C-enriched foods such as C4 plants (e.g. sugar cane and/
or seaweed) (Ambrose et al. 1997). 

From the stable isotope analysis of early prehistoric (pre-
1000 AD) and Latte period burials from Rota (n=12), Pate 
and colleagues (2001) identified temporal differences in 
diet. They found that the early prehistoric populations 
were consuming more fish from the open ocean compared 
to a reliance on inshore coastal organisms in the Latte pe-
riod, a trend supported by the archaeofaunal evidence 
(Pate et al. 2001). Using data from Ambrose et al. (1997) 
and McGovern-Wilson and Quinn (1996) they suggested 
that during the Latte period there were also dietary dif-
ferences between populations living on different islands 
(Rota and Saipan), suggesting the people on Rota were 
consuming more marine foods than their counterparts 
on Saipan (Pate et al. 2001). 

Within Polynesia a number of studies have analysed sam-
ples from Fiji (Field et al. 2009; Jones and Quinn 2009; 
Valentin et al. 2006), the Cook Islands (Allen and Craig 
2009) and French Polynesia (Richards et al. 2009). From a 
study of 26 prehistoric human and animal bone samples 
from Fiji, Field et al. (2009) identified island-specific and 
temporal trends in diet. From these analyses they observed 
that populations living in coastal areas on smaller islands 
had mainly marine-based diets over 2000 years of prehis-
tory. Although there was a transition to more terrestrial 
foods over time the diet remained marine-focused. Con-
versely, populations living inland on larger Fijian islands 
were reliant on terrestrial food from an early date (ca. 
500 BP) and this subsistence regime, including the type 
of pig fodder, remained the same over a 900 year period. 
Field et al. (2009) suggested the observed regional vari-
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ability in dietary change over time was primarily a result 
of the location of a site (e.g. coastal or inland). Occupation 
of smaller islands with less arable land would have result-
ed in subsistence strategies heavily influenced by marine 
foods whereas on larger islands, 2500 to 2000 BP, people 
would have started relying primarily on terrestrial foods, 
especially horticultural products and domestic animals 
(Field et al. 2009).   

Utilising both stable isotope analysis and oral indicators 
health of a small Fijian skeletal sample (n=9), Valentin et 
al. (2006) commented on prehistoric diet and social struc-
ture on Cikobia island. They suggested the high propor-
tion of vegetable foods and pelagic fish and possibly turtle, 
in conjunction with the elite nature of burials (location 
of burial mound, construction materials of ceremonial 
burial enclosure, corpse wrapping and exotic ornaments) 
indicated these individuals were elites within the commu-
nity. However, Valentin et al. (2006) did not analyse any 
burials outside the burial mound for comparison with the 
suggested ‘high status’ interments to assess if dietary vari-
ations did in fact exist between ‘elites’ and ‘commoners’. 

Another Fijian study incorporating ethnographic data, ar-
chaeofaunal evidence and stable isotope analysis of bone 
collagen and bone carbonate found that the diet of pre-
historic Lauans remained relatively consistent over three 
millennia. Ancient Lauan diet included a large proportion 
of plant foods (60–70%) and reef and inshore marine re-
sources (Jones and Quinn 2009). Comparing their data 
with other stable isotope studies in the Pacific, they sug-
gested that the observed post-650 BP dietary transition to 
more terrestrial foods was a result of El Nino Southern 
Oscillation events (ENSO). ENSO events during this time 
may have induced marine ecosystem collapse elsewhere 
but did not significantly effect the fringing reef adjacent 
to the Lau Island group (Jones and Quinn 2009). Jones 
and Quinn (2009) suggested this was a result of the wide-
spectrum of subsistence strategies and diverse marine 
ecosystems of the Lau Islands. A Cook Islands stable iso-
tope and archaeofaunal analysis also identified temporal 
dietary changes on Aitutaki. They noted a transition from 
pelagic and marine mammal consumption to more terres-
trial-based foods, likely a result of storms and shoreline 
disruption ca. 700 BP (Allen and Craig 2009). 

One of the only East Polynesian studies, conducted by 
Richards et al. (2009), also found temporal transitions in 
diet from the analysis of 77 animals including pigs, dogs, 
rats, marine animals in addition to four human teeth that 
spanned three phases of occupation at the Hanamiai site, 
French Polynesia. The stable isotope results generally par-
alleled archaeofaunal data, specifically that sea birds and 
marine fish were consumed in larger amounts during the 
earlier occupation phases at the site, transitioning to more 
terrestrial protein sources over time, likely domesticated 
pigs, dogs and rats. It was suggested that the relatively lim-
ited reliance on marine foods was a result of successful 
Polynesian plant and animal husbandry techniques at the 
site.

Some critiques

Generally, Pacific island stable isotope studies present 
rather broad interpretations of diet, usually concluding 
that populations were consuming, unsurprisingly, both 
terrestrial and marine food resources. Ambrose et al. 
(1997) suggested that stable isotope analysis solely from 
bone collagen is inadequate for the Pacific islands because 
of the high proportion of low protein starchy vegetable 
foods in traditional diets. However, bone apatite is known 
to be extremely susceptible to diagenesis, especially in hot, 
humid environments (Lee-Thorp 2008). Although bone 
collagen may over-represent high-protein dietary sourc-
es such as fish and shellfish compared to lower protein 
starchy vegetable staples, patterns of consumption will 
still be observable. In modern Pacific island societies, the 
amount of starchy vegetables consumed constitutes the 
majority of the diet (~80%) and if this pattern holds true 
in prehistory, the stable isotope values in bone collagen are 
representative of a proportion of these vegetable staples. 
Creating site-specific dietary baseline isotopic data can 
assist in clarifying dietary interpretations from bone stable 
isotope results.

In order to interpret radiocarbon dates of human bone, 
some Pacific island dating studies have used isotope mix-
ing models to quantify the percentage of marine foods 
within the diet (Beavan-Athfield et al. 2008; Petchey and 
Green 2005; Petchey et al. 2011). For dating purposes this 
type of modelling is used to correct for the effects of the 
surface ocean marine reservoir on calibrated radiocar-
bon dates. Mixing models rely on a number of assump-
tions regarding the presence of certain foods (e.g. C3 and 
C4 plants, terrestrial herbivores, marine shellfish, coral 
reef fish, non-reef fish and marine mammals) available 
at each prehistoric site, assumptions usually based on the 
archaeological evidence and local environmental condi-
tions. This type of modelling has primarily been used for 
Pacific island dating purposes and a limited number of 
palaeodietary studies (Davidson and Leach 2001; Leach et 
al. 1996; Leach et al. 2000; Leach et al. 2003; Quinn 1990; 
Valentin et al. 2011). As outlined by one recent study using 
this technique (Petchey et al. 2011), there are a number of 
uncertainties regarding such specific dietary interpreta-
tions. Some of the major concerns for the application of 
mixing models for palaeodietary reconstruction include 
the lack of site-specific dietary baseline data, the possible 
consumption of freshwater organisms and the potential 
of the sea spray effect when using sulphur stable isotopes 
to better approximate the percentage of marine foods in 
human diets (Petchey et al. 2011). 

Conclusion

Human calcified tissues have proved to be adequately pre-
served in many sites throughout the Pacific islands and 
therefore stable isotope analysis is an important tool for 
archaeological and biological research in the region. Sta-
ble isotope analysis of human remains has the potential 
to shed light on some of the questions regarding specific 
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diet and subsistence strategies within the Pacific islands. 
In conjunction with other lines of evidence, stable isotope 
analysis has successfully been used to understand pro-
cesses such as horticultural intensification and the impact 
of environmental change (both natural and anthropogen-
ic) on prehistoric humans. Intra-population variation in 
diet has also been observed within a number of cemetery 
populations, including those from the Lapita period, il-
luminating cultural trends previously unknown. The ap-
plication of a general Pacific island dietary baseline for the 
interpretation of the stable isotope results does not hinder 
our ability to address important questions that surround 
prehistoric Pacific island diet and subsistence. However, 
more site-specific isotopic baseline data for the Pacific is-
lands would be beneficial, especially with regard to sulphur 
to assess the effect of sea spray in coastal and small island 
environments. 
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Ceramic Ethnoarchaeology in Kadavu, Fiji: 
Attribute variation within a single ceramic 

vessel template

Kathleen LeBlanc1

Introduction

A ceramic ethnoarchaeological project was undertaken 
in Nalotu Village, Kadavu, Fiji (Fig. 1) in July 2010 to un-
derstand the role of social processes in ceramic variability. 
One of the objectives of this study was to describe vari-
ability within a single standardized kuro (cooking pot) 
template. In Nalotu, kuro are produced by a potter col-
lective under the direction of a master potter. The intent 
of all potters is to reproduce the specialized template to 
the best of their ability. Two samples of Nalotu kuro were 
analyzed, those made in 2010 and those made previously 
in the recent past. Through an analysis of qualitative and 
quantitative attributes within and between the two pottery 
samples, the amount of variability within a single template 
is described, as is the change in variability within Nalotu 
kuro attributes over time.

While other ceramic ethnoarchaeological projects have 
been undertaken in Fiji (Geraghty 1995; Hunt 1979; Palmer 
1969; Palmer and Shaw 1968; Palmer et al. 1968; Rossitto 
1990a,b; Sorovi-Vunidilo and Vusoniwailala 1999), none 
have focused directly on measurable variation within ce-
ramic templates. This study addresses this issue and re-
cords and analyzes attributes related to vessel size, form, 
and style, enabling the degree of variation present at the 
village level to be directly measured. Results have implica-
tions for understanding Fijian ceramic variability through 
direct historical analogy (Best 1984; Birks 1973; Clark 1999). 

Ethnoarchaeology in Nalotu

The majority of conclusions that archaeologists make 
about the past, whether conscious or unconscious, require 
the use of analogy (Hodder 1982; Wylie 1985). Demonstrat-
ing historical continuity between the contemporary cul-
ture being studied and the archaeological material that 
is being compared can strengthen analogical arguments 
(Wylie 1985). Hodder (1982) and Wylie (1985) propose the 
use of relational as opposed to formal analogues. The lat-

1 Department of Archaeology, Simon Fraser University, 8888 
University Drive, Burnaby, B.C., Canada. V5A 1S6

ter refer to analogues where, if some aspects match, then 
others are assumed to be equivalent. The danger with for-
mal analogies is that they may confuse accidental simi-
larities with those that are independent and more reliable 
(Wylie 1985: 94). By relational analogies, they are referring 
to those such as the direct historical approach that aim to 
determine some natural or cultural link between the two 
situations being compared, and include consideration of 
relevance of the analogues being proposed.

Gifford-Gonzalez (2010) has outlined five major ways in 
which contemporary ethnoarchaeology works towards a 
better understanding of archaeological research. The first 
is through the disproving of an archaeological generaliza-
tion through the documentation of an ethnographic case 
study. The second is through the testing of a prediction 
that has been determined through consultation with ap-
propriate theoretical models. The third is through an as-
sessment of the validity of untested assumptions or ana-
lytic categories through ethnographic observation. The 
fourth is to build middle-range theory through the appli-
cation of relational analogies at levels that are appropriate 
for archaeological evidence. Finally, the fifth emphasizes 
contemporary ethnoarchaeological research for record-
ing the lifeways of a particular group that has inhabited 
a region for many years (Gifford-Gonzalez 2010). Taken 
together, these contemporary goals of ethnoarchaeol-
ogy heighten the interpretive potential of archaeological 
research by deriving analogues not only related to the 
creation and deposition of material remains, but also ana-
logues related to the social processes that structure mate-
rial culture production and use. Such goals correspond 
directly to the aims of my research.

Ceramic Samples

Ethnoarchaeological research on vessel variation was un-
dertaken to provide an analogue for inferring the social 
processes related to ceramic variation in the prehistoric 
Fijian past. The Yawe region was chosen for this study due 
to the remote location and the existence of traditional ce-
ramic manufacture (Sorovi-Vunidilo and Vusoniwailala 
1999). Based on this, it was reasoned that pottery produc-
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tion in Yawe would follow traditional templates unaffected 
by the tourist trade.

From ethnographic and ethnohistoric accounts, kuro are 
described as the only form of pot made in the Yawe Dis-
trict. Traditionally, three villages are known to have been 
active in pottery production – Nalotu, Ekita, and Naqalotu 
(Fig. 1). The first study mentioning pottery manufacture on 
the island of Kadavu was by the geographer J.P. Thomp-
son in 1889 in which he (1999: 23) indicated that women’s 
work ‘usually consists of fishing, mat, cloth, and pottery 
making…’ The first ethnographic study mentioning pot-
tery production in Yawe was by Roth in 1935 (217) as he 
described, ‘pottery is to my knowledge still made…at 
Nalotu Village in the Yawe District on Kandavu.’ Follow-
ing this, Thompson’s ethnography of Lau in 1938 indicates 
Yawe pots being traded to the southernmost islands of the 
Lau group for such goods as essential oil, barkcloth, dig-
ging sticks, and wooden kava and food bowls. The most 
recent ceramic ethnographies concerning Yawe (Hunt 
1979; Sorovi-Vunidilo and Vusoniwailala 1999) indicate 
that kuro is the only ceramic form produced and the only 
vessel which villagers are still knowledgeable of. Given 
the almost identical records of kuro production in Hunt’s 
(1979) and Sorovi-Vunidilo and Vusoniwailala’s (1999) re-

ports, it seems safe to assume that kuro production has 
remained relatively unchanged since at least the late 1970s, 
and undoubtedly longer based on interviews with potters 
(LeBlanc 2011).

Upon arrival in Nalotu village in 2010, it became clear that 
this was the only village still active in pottery manufacture 
on Kadavu. In 2010 the women were given a contract to 
produce traditional Yawe pots for a tourist resort and tour 
operator on Viti Levu, Fiji. The vessels were intended to be 
placed on cruise boats as symbols of Fijian culture. These 
pots serve as the contemporary Nalotu kuro sample in this 
study. Given that the pots were not intended for sale to 
tourists, they can be assumed to represent a traditional 
template of kuro form and style for Nalotu Village, at least 
as far back as ethnographic records suggest.

A total of 17 kuro were manufactured during this project 
through the collective effort of 26 potters. Each vessel was 
manufactured by multiple potters working towards the 
template set by the master potter during an initial demon-
stration. Female potters make kuro in Nalotu through the 
slab-built method and paddle and anvil technique (Figs. 2 
and 3). Kuro had not been produced in Nalotu since 1997 
and thus potters did not have a chance to practice their 

Figure 1. Map of Kadavu Island, Fiji. Top-left shows the six villages of the Yawe District. Nalotu, Ekita, and Naqalotu are 
traditional pottery manufacturing villages. Shaded areas are offshore reefs.
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skills since that time. Several (n = 20) of the 26 potters 
learned to produce kuro during the 1997 revival project 
commissioned by the Fiji Arts Council (see Sorovi-Vu-
nidilo and Vusoniwailala 1999), while others (n = 4) were 
learning the process for the first time.

Aside from pots made in 2010, a second sample composed 
of eight Nalotu pots made in the recent past was located 
and recorded. Made anywhere from 14–60 years ago, these 
pots were sampled from three locations: (1) Nalotu Village 
(n = 5), (2) Galoa Village off the central coast of Kadavu 
(n = 1), and (3) the Fiji Museum, Suva (n = 2). From inter-
views with potters and ethnographic accounts (Hunt 1979; 
Sorovi-Vunidilo and Vusoniwailala 1999), it is clear that 
the kuro production process was the same in the past as 
occurs today. Thus, a comparison of the two samples in-
dicates change in variability over time of a single ceramic 
template (Figs. 4 and 5).

Figure 2. Master potter, Ulamila Qoli, builds the body of the 
kuro upward through the slab-built method of production.

Figure 4. Nalotu kuro located in Galoa Village off the central 
coast of Kadavu. This kuro was produced in the past between 
14–60 years ago.

Figure 5. Nalotu kuro produced in July, 2010. 
Figure 3. Master potter, Ulamila Qoli, demonstrates the 
paddle and anvil technique. 
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Conformity to the master potter in Nalotu results in the 
standardization of specialized kuro. The reduction in vari-
ability within craft attributes provides the signature for a 
standardized product (Costin 2000; Longacre 1999; Rice 
1991). Specialization of ceramic form is characterized by 
Rice (1991) as typical of the production of a craft beyond 
basic household needs. More specifically, producer spe-
cialization can be defined as having,

two related implications: (1) restriction or the produc-
tion of a good by a relatively small number of indi-
viduals…, and (2) skill or production by individuals 
who are, as a result of this selectivity and the routiniza-
tion or repetition of their tasks, particularly skilled in 
manufacture [Rice 1991: 263].

It is hypothesized that specialization is related to stand-
ardization because the production techniques used by 
specialists become more uniform over time, which leads 
to a decrease in variability within final products (Longacre 
1999; Rice 1981). In Nalotu, the master potter and the role 
of tradition are key factors in the level of standardization 
for specialized kuro production. Kuro are argued to be 
specialized not only through vessel standardization, but 
also through ethnohistoric evidence of their transport to 
other regions in Fiji (Thompson 1938). Through frequent 
demonstrations and encouragement, the master potter 
monitors the kuro manufacturing process, during which 
potters are eager to ask for advice and help. Conformity 
to the master potter reduces variation and thus Nalotu 
kuro represent a standardized vessel, known to have been 
traded outside of Yawe and used in ceremonial contexts, 
suggesting a specialized use (LeBlanc 2011).

Archaeology in Nalotu Village

Burley (2010, 2012) has undertaken a preliminary survey 
of archaeological sites on Kadavu. As part of this he exam-
ined the villages of Tavuki, Natokalau, Ekita and Nalotu in 
2010. In Nalotu numerous paddle-impressed prehistoric 
pottery sherds were found at the back of the contempo-
rary village. Decoration and form of these sherds are char-
acteristic of the Fijian mid-sequence, suggesting that they 
date to at least 1700–1600 years BP (Burley pers. comm. 
2010). In the area upriver from the current village at the 
present day water tower, a dentate stamp Lapita sherd and 
other early appearing rim sherds extend occupation to at 
least 2600 BP. Large fragments of the specialized Yawe pot 
were also notable in the present day village. Integrated 
with other late prehistoric ceramics, it would appear that 
specialization leading to exclusive production of the large 
kuro was late, perhaps even occurring as late as the early 
historic period in the 19th century AD. A more thorough 
investigation of the ‘old village’ area upriver and inland 
of the present village could shed additional light on the 
Kadavu ceramic sequence.

Oral history surrounding kuro manufacture in Nalotu 
further emphasizes longevity and tradition of this craft. 
Sivorosi Tulece, a man in his 60s who was born in Nalotu, 

described the oral history of ceramic production to me. 
According to tradition, there was an elderly lady from the 
village of Mau in Namosi on Viti Levu who was chased out 
of the village. Her name was Bulou Levu, and the direct 
cause of why she had to leave is unknown. However, be-
fore she left Mau she brought her pottery clay and temper 
sand with her. She then crossed the ocean from Namosi to 
Kadavu and landed somewhere in the eastern portion of 
the island. When Bulou Levu first arrived in Kadavu she 
was not welcomed and so she kept travelling west until she 
reached the village of Nalotu. Here she was welcomed and 
decided to stay. When she first arrived she took a bath in 
the galoa (pond) (Fig. 6), literally meaning ‘sunken place’ 
(Geraghty pers. comm. 2010), and all the sand that she had 
brought with her was left there. She then began making 
the large pots that she was accustomed to making in Mau 
and taught the other women of Nalotu the craft. Soon, oth-
er women of Yawe heard of the pottery manufacture and 
travelled to Nalotu to observe the process. These women 
took the new skills that they learned back to their villages, 
spreading pottery manufacture throughout the Yawe re-
gion. Today, kuro temper is still collected from the galoa 
as stated by tradition (LeBlanc 2011).

Despite the only brief attention paid to the archaeology of 
Nalotu, it is clear that long term continuity in village occu-
pation and pottery production exists here. This strength-
ens the use of contemporary analogy to infer processes 
related to pottery manufacture in the Nalotu past.

Variability within Qualitative Attributes

Given that the kuro production process is a collective ef-
fort, qualitative attributes related to variation in resource 
procurement, vessel production, surface modification and 
finishing vary little if at all within and between samples 
(LeBlanc 2011). However, variation is present within de-
gree of eversion angle, lip shape, and lip/rim decorative 
attributes. Angle of eversion is considered a qualitative 
attribute in this study because Nalotu kuro are not per-
fectly symmetrical and therefore angles are measured as 
estimates only.

Qualitative Attributes of 2010 Pots

Orientation angles for Fijian archaeological ceramics have 
been separated into three categories by Best (1984: 160, 
164): (1) ‘weakly everted’ refers to angles of 0°–22.5°, (2) 
‘medium everted’ refers to angles of 22.5°–45°, and (3) 
‘strongly everted’ refers to angles of 45°–90°. The majority 
of 2010 pots fall into the ‘medium everted’ category (n = 11), 
while the remainder fall into the ‘strongly everted’ category. 
This suggests that the ‘medium everted’ category is what 
potters aim to achieve, which corroborates with informa-
tion from potter interviews (Table 1) (LeBlanc 2011).

The lip shape of pots varies both among pots and within a 
single pot. The lip shape classification system used is that 
outlined by Birks (1973: 32–34) (Fig. 7). Lips are formed us-
ing a coconut fibre to trim the lip edge to achieve a flat and 
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outward bevelled shape. Use of the fibre, however, results 
in variation, including pointed and rounded sections of 
the lip, meaning flat, pointed and rounded lips can and do 
occur on the same vessel.

All pots, aside from number 17 which is undecorated, have 
decorative elements on the inner lip/rim applied with 
shell/tool impression or incision with a stick (Table 2). 
The majority (n = 13) were impressed with a kaikoso shell 
(Anadara cornea), two were impressed with the edge of a 
paddle and one incised with a stick (Fig. 8). This is the only 
medium on the pot through which potter-intended vari-
ation occurs. However, when asked if this had meaning, 
potters did not attribute significance to this.

Qualitative Attributes of Pots Made Previously

For the second kuro sample, the same qualitative attrib-
utes vary as in the first sample. Similar to sample one, the 
majority of pots are ‘medium everted’ (n = 5) and only one 
is ‘strongly everted’ (Table 1). However, anomalous to the 

Figure 7. Lip shape classification. Adapted from Birks (1973: 
31–34).

Table 1. Eversion angles and categories for Nalotu pots. 
Sample 1 refers to Nalotu pots made in 2010, while sample 2 

refers to Nalotu pots made previous to 2010.

Pot # Sample
Eversion 

Angle
Eversion 
Category

1 1 38° Medium everted

2 1 27° Medium everted
3 1 39° Medium everted
4 1 32° Medium everted
5 1 43.5° Medium everted
6 1 37° Medium everted
7 1 49° Strongly everted
8 1 41° Medium everted
9 1 40° Medium everted

10 1 65° Strongly everted
11 1 37° Medium everted
12 1 49° Strongly everted
13 1 51° Strongly everted
14 1 49° Strongly everted
15 1 32° Medium everted
16 1 35° Medium everted
17 1 58° Strongly everted
18 2 16° Weakly everted
19 2 21° Weakly everted
20 2 31° Medium everted
21 2 39° Medium everted
22 2 42° Medium everted
23 2 48° Strongly everted
24 2 37° Medium everted
25 2 27° Medium everted

Figure 6. Galoa where, according to oral history, the first potter emptied her temper sand. This is also the location where 
temper sand for Nalotu kuro is collected today.
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Table 2. Qualitative attributes related to rim/lip decoration for pots 1–25. Pots 1–17 are those made in Nalotu in 2010 and 
belong to sample 1, while pots 18–25 are Nalotu pots made previously and belong to sample 2.
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2010 pots, two kuro made previously are ‘weakly everted’. 
In reference to lip shape, all pots are flat and outward bev-
elled in sections, except for one that also has rounded sec-
tions.

Similar to 2010 pots, all but one vessel in the earlier sample 
has impressed/incised decoration that begins on the inner 
lip and extends to the inner rim. Five different decorative 
elements are present, with three out of eight pots having 
the exact same decoration (Table 2). A decorative element 
refers to the smallest unit of decoration (Sharp 1988). One 
element is also present in sample one. When the owners 
of these pots were questioned, they attributed no signifi-
cance to design element selection. From design marks it 
was possible to infer the tool used. It appears that three 
pots were impressed with a side tool and four incised with 
a stick. Again, this is the only region of the vessel in which 
individual potter expression occurs.

Variability within Quantitative Attributes

Nine dimensions were recorded for ceramic analysis based 
on other Fijian archaeological studies (Fig. 9) (Birks 1973; 
Best 1984; Clark 1999). These include, (1) height, (2) inter-
nal rim diameter, (3) external rim diameter, (4) maximum 
diameter, (5) height at maximum diameter, (6) internal 
orifice diameter, (7) external orifice diameter, (8) height at 
orifice diameter, and (9) lip thickness (Table 3). By internal 
orifice diameter I refer to the most narrow neck restriction 
point inside the pot, while external orifice diameter refers 
to the most narrow neck restriction point on the outside 
of the pot (Dales et al. 1986). These dimensions were cho-
sen because the restriction of the neck is important for 
characterizing the shape of strongly everted rim vessels 
(Birks 1973: 23).

To determine the degree of quantitative variability within 
and between pottery samples, and to describe how the 
variability differs, I addressed the following three ques-
tions. First, what is the range of quantitative variability and 
in which attributes does it occur? Second, are dimensions 

in similar proportion to one another among vessels? Third, 
are the dimension means significantly different between 
the two samples?

In order to answer the first question, descriptive statistics 
along with box plots and coefficient of variation meas-
ures were used (LeBlanc 2011 provides statistical details). 
During this, and all subsequent testing, pots numbered 15 
through 17 were omitted because they were made substan-
tially smaller for firing demonstrations and do not rep-
resent a traditional template for size. Before proceeding 
with statistical analysis, pottery samples were assessed for 
normality using the Kolmogorov-Smirnov test (LeBlanc 
2011: 88). Results indicate that both samples do not differ 
significantly from a normal distribution. Thus, parametric 
statistics were used. The results indicate that for both sam-
ples, height, height at maximum diameter, and maximum 
diameter show the greatest range, while lip thickness and 
height at orifice diameter show the least. The mean values 
of dimensions for pots made in 2010 are less than those for 
pots made previously (LeBlanc 2011: 83). Between the two 
samples, standard deviations are generally larger for pots 
made in 2010 than those made previously as are coefficient 
of variation values (Table 4). Overall, these results indi-
cate that pots made previously are all-around larger and 
exhibit less variation than those made during this study.

To answer the second question, scatter plots were created 
to describe the shape, strength, and direction of relation-
ships between dimensions (Shennan 1997). The dimen-
sions plotted are those discussed by Clark (2009: 313) to 
indicate vessel morphological patterns and proportions. 
These are, (1) height versus maximum diameter, (2) height 
versus vessel-width index, (3) height versus internal rim 

Figure 8. Potter incising the inner lip/rim with a kaikoso shell 
(Anadara cornea).

Figure 9. Diagram of pot measurements used in this study. 
Pot #25 made by Meline Mue. ERD refers to external rim 
diameter, IRD refers to internal rim diameter, IOD refers 
to internal orifice diameter, EOD refers to external orifice 
diameter, and Max Dia. refers to maximum diameter.
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Table 3. Quantitative attributes for pots 1–25. Numbers 1–17 are pots made in Nalotu in 2010 and belong to sample 1, while 
numbers 18–25 are Nalotu pots made previously and belong to sample 2. ERD refers to external rim diameter, IRD refers to 
internal rim diameter, Max Dia refers to maximum diameter, IOD refers to internal orifice diameter, EOD refers to external 

orifice diameter, and Thick refers to thickness.

Pot #
Pot 

Sample
Height  

(cm)
ERD 
(cm)

IRD 
(cm)

Max Dia 
(cm)

Height 
at Max 

Dia (cm)
IOD 
(cm)

EOD 
(cm)

Height 
at OD 
(cm)

Lip 
Thick 
(cm)

1 1 46.30 27.50 26.30 32.20 20.00 19.10 23.00 4.50 0.60

2 1 41.50 28.20 26.80 33.30 16.50 17.90 24.35 4.50 0.70

3 1 48.20 23.60 21.70 33.90 19.10 14.80 19.15 3.00 0.95

4 1 40.90 27.60 26.10 34.90 20.10 16.65 23.35 3.70 0.75

5 1 54.90 28.80 27.30 39.20 21.50 20.29 25.70 2.70 0.75

6 1 44.05 23.15 21.65 29.45 15.00 15.18 20.25 2.80 0.75

7 1 46.95 24.50 23.10 31.40 24.20 14.80 20.02 2.50 0.70

8 1 47.05 29.35 28.65 33.50 24.00 19.90 24.50 4.00 0.35

9 1 45.20 23.30 21.90 32.30 17.70 14.60 19.50 2.50 0.70

10 1 45.90 24.15 23.15 30.00 14.60 13.79 18.90 1.00 0.50

11 1 51.70 25.50 24.00 33.99 16.80 17.10 22.30 2.00 0.75

12 1 45.90 21.60 19.80 29.52 21.70 12.69 16.72 2.00 0.90

13 1 24.50 23.20 21.22 26.85 8.30 14.55 19.95 1.50 0.99

14 1 69.10 29.25 28.45 41.80 29.50 19.10 24.35 4.50 0.40

15 1 18.50 12.99 12.19 14.90 7.00 7.65 10.99 1.00 0.40

16 1 14.50 10.40 9.50 11.05 7.00 5.05 8.45 1.30 0.45

17 1 12.30 9.70 8.90 9.90 5.20 4.30 7.80 0.70 0.40

18 2 52.40 24.20 22.20 42.00 23.50 15.90 20.90 4.50 1.00

19 2 50.85 25.05 23.05 35.50 17.80 17.85 22.10 2.70 1.00

20 2 54.05 24.20 22.00 45.25 22.50 17.10 22.29 4.10 1.10

21 2 55.50 26.25 23.85 47.50 21.70 17.10 22.45 2.70 1.20

22 2 78.20 29.60 28.50 56.85 26.50 19.15 24.65 5.00 0.55

23 2 65.20 27.25 26.45 49.00 25.50 17.90 22.40 3.00 0.40

24 2 52.35 28.10 25.80 43.00 21.70 17.90 24.30 3.50 1.15

25 2 43.05 23.65 22.15 35.30 15.00 16.35 20.60 3.40 0.75

Table 4. Standard deviation and coefficient of variation values for dimensions of Nalotu pots made in 2010 and Nalotu 
pots made previous to 2010.

Standard Deviation Coefficient of Variation (%)

Pots made 
in 2010

Pots made 
previously

Pots made 
in 2010

Pots made 
previously

Height 9.45 10.69 20.29 18.94

External rim diameter 2.66 3.13 10.35 8.18

Internal rim diameter 2.92 2.41 12.02 9.94

Maximum diameter 3.89 7.13 11.78 16.09

Height at maximum diameter 5.11 3.81 26.60 17.50

Internal orifice diameter 2.46 1.02 14.95 5.86

External orifice diameter 2.69 1.43 12.47 6.37

Height at orifice diameter 1.46 0.95 39.12 23.55

Lip thickness 0.19 0.29 27.14 32.60

diameter, and (4) height versus external rim diameter. Also 
compared were, (5) height versus internal orifice diameter 
and (6) height versus external orifice diameter, as these are 
important in kuro morphology. Given that height is the 

dominant characteristic for distinguishing Yawe kuro from 
others in Fiji (Tabualevu et al. 1997; Thompson 1938), re-
lationships between dimensions and height are important.
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The strength of correlation between dimensions varies 
as indicated by the coefficient of determination (R2). For 
both samples, the strongest relationships are, (1) height 
and maximum diameter (Sample 1: R2 = 0.68, Sample 2: 
R2 = 0.854) (Fig. 10) and (2) height and vessel width index 
(Sample 1: R2 = 0.501, Sample 2: R2 = 0.921) (Fig. 11). The 
weakest relationship is between height and external orifice 
diameter (Sample 1: R2 = 0.132, Sample 2: R2 = 0.471) (Fig. 
12). This indicates that variation in height is related more 
to variation in maximum diameter and vessel-width index 
than to any other dimension. Overall, relationships be-

tween dimensions and vessel height are stronger for pots 
made previous to 2010 (sample 2) than for those made in 
2010 (sample 1).

Significance of relationships between dimensions and 
vessel height were determined through Pearson’s correla-
tion coefficient. If significant, the distribution of dimen-
sion measurements can be assumed to represent a sam-
ple of pots that are fairly consistent in proportion (Clark 
2009: 313). As Clark (2009: 313) notes, such comparisons 
between dimensions can reveal if potters place a high 
emphasis on producing vessels with similar proportions 
(shapes), despite any range in vessel size. For pots made 
in 2010, only maximum diameter (p = 0.000) and vessel 
width index (p = 0.005) have a significant relationship with 
height indicating these measurements are in fairly con-
stant proportion despite variation in size. For pots made 
previous to 2010 all dimensions (external rim diameter: 
p = 0.016, internal rim diameter: p = 0.007, maximum diam-
eter: p = 0.001, internal orifice diameter p = 0.025, and vessel 
width index p = 0.000), aside from external orifice diam-
eter (p = 0.060), have a significant relationship to vessel 
height. Indicating that potters in the past produced kuro 
with more consistent vessel proportions than potters today.

Finally, to compare the two samples of Nalotu pots, t-tests 
were run to determine if the mean values for each dimen-
sion differ significantly. The results indicate that the dis-
tribution of only two dimensions, vessel height (p = 0.036) 
and maximum diameter (p = 0.000), differ significantly 
between the two kuro samples. For all other dimensions 
including internal (p = 0.971) and external rim diameter 
(p = 0.758), height at maximum diameter (p = 0.233), in-
ternal (p = 0.223) and external orifice diameter (p = 0.325), 
height at orifice diameter (p = 0.166), and lip thickness 
(p = 0.072), the distributions do not differ significantly be-

Figure 10. Scatter plots indicating the relationship between 
vessel height and maximum diameter (MaxDia) for both 
pottery samples. Darkened line and circles represent Nalotu 
pots made in 2010, while lightened line and circles represent 
Nalotu pots made previously.

Figure 11. Scatter plots indicating the relationship between 
vessel height and vessel width index (WidthIndex) for both 
pottery samples. Darkened line and circles represent Nalotu 
pots made in 2010, while lightened line and circles represent 
Nalotu pots made previously.

Figure 12. Scatter plots indicating the relationship between 
vessel height and external orifice diameter (EOD) for both 
pottery samples. Darkened line and circles represent Nalotu 
pots made in 2010, while lightened line and circles represent 
Nalotu pots made previously.
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tween the two pottery samples. The variation, however, is 
important because it indicates that 2010 pots are quantita-
tively smaller than those in the earlier sample.

Variation within a Single Template – 
Discussion

Overall, the kuro analyzed in this study show a relative de-
gree of homogeneity in qualitative attributes, both within 
and between the two samples. This lack of variability indi-
cates that potters have been reproducing the standardized 
template for at least the past 60 years and, undoubtedly, 
well into the 19th century based on interviews with pot-
ters (LeBlanc 2011: 48–53). However, of notable mention 
is variation within rim/lip decorative attributes, angle of 
eversion, and lip shape, attributes typically selected by ar-
chaeologists for classification and typology. While potters 
do not attribute significance to this variation, the archaeo-
logical implications seem important.

All kuro in both samples have everted rims with the ma-
jority of angles falling into the ‘medium everted’ category. 
Thus it is likely that this category represents the accepted 
standard that potters aim to achieve. Variation likely re-
sults from potter inexperience and human error as the 
potter’s hands and eyesight are the only tools used to 
achieve the eversion of the rim. The potter does not make 
a conscious decision to vary the angle and, thus, the varia-
bility produced does not represent individualism. This has 
important archaeological implications because it indicates 
that specific angles and categories may be inappropriate 
for determining ceramic form in all circumstances as Best 
(1984: 160, 166) suggests. For Nalotu kuro at least, rim form 
is best described in the broader classification system of 
everted, inverted, and straight (Birks 1973: 30).

Although potters aim to achieve a flat and outward bev-
elled lip shape, variation occurs and results in the presence 
of several different shapes on a single pot in both pottery 
samples analyzed in this study. Potters do not show a 
desire to perfect lip shape to a specific category such as 
‘pointed’, ‘rounded’, and ‘flat’ (Birks 1973: 32). For archaeo-
logical purposes, this indicates that lip shape categories 
often used to distinguish pottery forms (Birks 1973; Best 
1984; Clark 1999), are too simplistic and may be inappro-
priate in all contexts.

The third and fourth qualitative attributes that show a de-
gree of variation are rim/lip decorative elements and tech-
niques. The tools used to create the design elements are 
restricted to either the edge of a wooden paddle, a kaikoso 
shell, or a wooden stick. Despite the limited number of 
tools used, potters are free choose amongst them, although 
most prefer the shell. Potters do not attach significance to 
the tools chosen. For archaeological interpretation, this 
indicates that flexibility in design execution can occur for 
a specific region of a pot.

Perhaps the most important qualitative variable which 

shows a degree of variation are the applied decorative ele-
ments, as these are often interpreted to have held meaning 
in the archaeological past in Oceania (Chiu 2005; Kirch 
1997). In Nalotu, the elements are often chosen by indi-
vidual potters, but are sometimes the product of multiple 
potters who choose which element to use as a group. Ar-
chaeologically, this indicates that design element selection 
may be reflective of group effort. The elements chosen do 
not have significance for the potters, but, on occasion, pot-
ters will inscribe their initials with a wooden stick. Deco-
rative elements represent the only intentional variation on 
kuro by potters.

While design elements do not signal specific information 
in this context, it is clear that ceramic designs in cross-cul-
tural comparison can and do have specific meaning (Her-
bich 1987; David et al. 1988; Bowser 2000). Given that ce-
ramic decorative application can signal political affiliation 
(Bowser 2000) and even tension among potters (Herbich 
1987), it is clear that reasons for design are complex, and 
are perhaps best understood in specific space and time 
contexts (Sackett 1977: 370). In the case of Nalotu kuro, the 
individual elements of design vary, but their application 
and location do not. Decorative application, therefore, is 
part of the Yawe pot signature as much as size and form. 
The social processes related to the application of Nalotu 
kuro design elements have potential archaeological impli-
cations for understanding ceramic design.

In contrast to qualitative attributes, quantitative attributes 
show a greater range of variability. This general degree of 
heterogeneity is most identifiable in the dimensions of 
height, height at maximum diameter, and maximum di-
ameter. This is likely due to potter inexperience. Success-
ful production of large kuro is difficult to master which is 
reflected in the overall smaller size of Nalotu pots made 
in 2010, where several of the potters were learning the 
manufacturing process for the first time, or had produced 
kuro only once before in 1997. For some of the pots made 
previous to 2010, it is assumed that kuro production was 
more frequent, enabling potters to practice and perfect 
their skills.

Dimensions which show the least variation are lip thick-
ness and height at orifice diameter. Both represent areas of 
the pot where potters can easily visualize the resemblance 
to the standardized template made initially by the master 
potter. Therefore, it is not surprising that the height at ori-
fice diameter and lip thickness do not vary greatly.

Pots made previous to 2010 show less overall variation in 
dimension measurements and thus may better represent 
the standardized kuro template. However, the fact that 
seven out of nine dimension means do not differ signifi-
cantly between kuro samples indicates that the existence of 
a master potter and the tradition of kuro production has 
enabled the standardized kuro template to be remembered 
and replicated throughout the historic if not prehistoric 
past. Continuity in form and strong relationships between 
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(1) height and maximum diameter and (2) height and ves-
sel width index, support this hypothesis.

Conclusion

The standardized kuro template in Nalotu has been re-
produced for at least the past 60 years and, undoubtedly, 
longer. Given the overall smaller degree of variation with-
in dimensions, it is inferred that previous Nalotu potters 
followed the standardized template more closely and had 
a higher level of experience for producing larger kuro. 
Despite the present variation, in the most recent sample, 
conformity to the master potter and the tradition that 
surrounds the manufacturing process has enabled the 
template to be passed on through generations. This has 
important implications for interpreting conformity and 
homogeneity in the archaeological record in Fiji in par-
ticular and Oceania in general.

Acknowledgements

I would like to thank Glenn Summerhayes for providing 
me with the opportunity to present this paper at the 2011 
Lapita Pacific Archaeology Conference. Special thanks 
goes to David Burley for help in preparing for and un-
dertaking ethnoarchaeological research in Nalotu and for 
commenting on a previous draft of this paper. My sincere 
appreciation goes to the people of Yawe for warmly wel-
coming me into their villages and sharing their tradition 
of pottery manufacture with me. I would also like to thank 
Tarisi Sorovi-Vunidilo, Emily Moli and Ratu Jone Bale-
naivalu for organizing my stay in Nalotu Village. Vienna 
Chichi Lam kindly assisted in the figure preparations. 
Funding for this project was provided by the Social Sci-
ences and Humanities Research Council of Canada and 
the Archaeology Department at Simon Fraser University. 
I also wish to thank the anonymous reviewer for provid-
ing insightful comments on a previous draft. All errors are 
my own.

References

Best, S. 1984. Lakeba: The Prehistory of a Fijian Island. Unpub-
lished Ph.D. Dissertation, Auckland: University of Auckland.

Birks, L. 1973. Archaeological Excavations at Sigatoka Dune Site, 
Fiji. Suva: Fiji Museum.

Bowser, B. 2000. From Pottery to Politics: An Ethnoarchaeologi-
cal Study of Political Factionalism, Ethnicity, and Domestic 
Pottery Style in the Ecuadorian Amazon. Journal of Archae-
ological Method and Theory 7(3): 219–248.

Burley, D.V. 2010. Archaeological Surveys of Kadavu, Vanua Levu, 
and Viti Levu – 2009 Project Report. Burnaby British Co-
lumbia: Simon Fraser University. Submitted to Fiji Museum, 
Suva.

Burley, D.V. 2012. Kadavu Archaeology – First Insights from a Pre-
liminary Survey. Domodomo, Fiji Museum, Suva. 

Chiu, S. 2005. Meanings of a Lapita Face: Materialized Social 
Memory in Ancient House Societies. Taiwan Journal of An-
thropology 3: 1–47.

Clark, G. 1999. Post-Lapita Fiji: Cultural Transformation in the 

Mid-Sequence. Canberra: Ph.D. Dissertation, Australia Na-
tional University.

Clark, G. 2009. Post-Lapita Ceramic Change in Fiji, in Clark, G. 
and Anderson, A (eds) The Early Prehistory of Fiji, pp. 313–
326. Canberra: Terra Australis 31, ANU E Press, Australian 
National University.

Costin, C.L. 2000. The Use of Ethnoarchaeology for the Archaeo-
logical Study of Ceramic Production. Journal of Archaeologi-
cal Method and Theory 7(4): 377–403.

Dales, G.F., J.M. Kenoyer and L. Alcock 1986. Excavations at Mo-
henjo Daro, Pakistan: The Pottery. Philadelphia: The Univer-
sity Museum, University of Pennsylvania.

David, N., J. Sterner and K. Gavua 1988. Why Pots are Decorated. 
Current Anthropology 29(3): 365–389.

Geraghty, P. 1995. Qomā Pottery: A Preliminary Report. Domo-
domo 1–2: 12–16. Suva: Fiji Museum.

Gifford-Gonzalez, D. 2010. Ethnoarchaeology – Looking Back, 
Looking Forward. SAA Archaeological Record 1: 22–25.

Herbich, I. 1987. Learning Patterns, Potter Interaction and Ce-
ramic Style Among the Luo of Kenya. The African Archaeo-
logical Review 5: 193–204.

Hodder, I. 1982. The Use of Analogy, in Hodder, I. (ed.) The Pre-
sent Past: An Introduction to Anthropology for Archaeologists, 
pp. 11–27. London: Batsford.

Hunt, C. 1979. Fijian Pottery and the Manufacture of Cooking 
Pots on Kadavu Island. The Artefact, 4(1 & 2): 27–35.

Kirch, P.V. 1997. The Lapita Peoples: Ancestors of the Oceanic 
World. Cambridge, Massachusetts: Blackwell Publishers.

LeBlanc, K. 2011. Ceramic Ethnoarchaeology in Fiji: The Role 
of Social Processes in Ceramic Diversity. Burnaby, British 
Columbia: Unpublished MA Thesis, Department of Archae-
ology, Simon Fraser University.

Longacre, W.A. 1999. Standardization and Specialization: What’s 
the Link?, in Skibo, J.M. and Feinman, G. (eds) Pottery and 
People: A Dynamic Interaction, pp. 44–58. Salt Lake City: The 
University of Utah Press.

Palmer, B. 1969. Fijian Pottery Technologies: Their Relevance 
to Certain Problems of South-West Pacific Prehistory, in 
Green, R.C. and Kelly, M. (eds) Studies in Oceanic Culture 
History, vol. 2, pp. 77–103. Bishop Museum: Pacific Anthro-
pological Records 12.

Palmer, B. and E. Shaw, 1968. Pottery-Making at Nakoro. Records 
of the Fiji Museum, 1(4): 80–90.

Palmer, B., E. Shaw, P. Dickinson and M. Sykes, 1968. Pottery Mak-
ing in Sigatoka, Fiji. Records of the Fiji Museum, 1(3): 45–79.

Rice, P.M., 1991. Specialization, Standardization, and Diversity: 
A Retrospective, in Bishop, R.L. and Lange, F.W. (eds) The 
Ceramic Legacy of Anna O. Shepard, pp. 257–279. Colorado: 
University of Colorado Press.

Rossitto, R. 1990a. Stylistic Change of Fijian Pottery Part I: Form. 
Domodomo 1–4: 4–47.

Rossitto, R. 1990b. Stylistic Change of Fijian Pottery Part II: Dec-
oration. Domodomo 1–4: 48–70.

Roth, K. 1935. Pottery Making in Fiji. The Journal of the Royal 
Anthropological Institute of Great Britain and Ireland 65: 217–
233.

Sackett, J.R. 1977. The Meaning of Style in Archaeology: A Gen-
eral Model. American Antiquity 42(3): 369–380.

Sharp, N.D. 1988. Style and Substance: A Reconsideration of the 
Lapita Decorative System, in Kirch, P.V. and Hunt, T.L. (eds) 



119

 University of otago stUdies in archaeology · no. 25

Archaeology of the Lapita Cultural Complex: A Critical Re-
view, pp. 61–81. Seattle: Thomas Burke Memorial Washing-
ton State Museum Research Report No. 5.

Shennan, S. 1997. Quantifying Archaeology. Iowa: University of 
Iowa Press.

Sorovi-Vunidilo, T. and K. Vusoniwailala 1999. The Revival of 
Pottery-Making in Yawe, Kadavu. Domodomo 12: 50–54.

Tabualevu, M.J. Uluinaceva, and S. Raimua, 1997. Traditional 
Handicrafts of Fiji. Suva: Institute of Pacific Studies, Univer-
sity of the South Pacific.

Thompson, J.P., 1999 [1889]. The Island of Kadavu. Domodomo 
12: 9–25. Originally published in the Scottish Geographical 
Magazine 5: 638–652.

Thompson, L., 1938. The Pottery of the Lau Islands, Fiji. Journal 
of the Polynesian Society 47: 109–113.

Wylie, A. 1985. The Reaction Against Analogy. Advances in Ar-
chaeological Method and Theory, 8: 63–111.



120

Of Charcoals and Forests: 
Results and Perspectives from an 

Archaeobotanical Investigation of Precolonial 
Kanak Settlement Sites in New Caledonia

Emilie Dotte-Sarout,1 John Ouetcho,2 Jacques Bolé,2 David Barret2 
& Christophe Sand2

Introduction

The last 20 years of research have greatly advanced our 
knowledge of New Caledonia’s archaeology. However, 
palaeoenvironmental and archaeobotanical data remain 
sparse, most especially on the recent ‘precolonial’ kanak 
period (10th/11th to late 19th centuries AD). A doctoral 
research project conducted by the senior author in close 
collaboration with the Institut d’Archéologie de Nouvelle-
Calédonie et du Pacifique (IANCP) between 2006 and 2010 
focused on these gaps. We developed an interdisciplinary 
palaeoenvironmental and anthropological approach: com-
bining archaeological, ethnological/ethnohistorical and 
archaeobotanical data, in order to understand the dynam-
ics of kanak landscape construction. The main emphases 
were on the study of forest changes in relation to the kanak 
settlement system and human management of forestlands 
and woody species. The anthracological approach–iden-
tification of charred woody remains – was used, through 
a case study focused on the Tiwaka valley, northeastern 
Grande Terre. We will present here the main results of this 
research program.

New Caledonia: environmental and 
archaeological background

New Caledonia is the southernmost archipelago of Mel-
anesia, and was first colonised by humans during the 
Lapita voyages, around 1100–1150 cal BC (Sand 2010). Our 
research focused on the Tiwaka valley, on the northeast 
part of the main island of Grande Terre (Fig. 1). Grande 
Terre is characterised by one of the most diverse and pe-
culiar floras in the world, due to its ancient and complex 
geological history (part of ancient Gondwanland), strong 
irregularities in its rainfall patterns (subtropical climate 
with high influence of El Niño Southern Oscillation pro-
cesses), and because of the long period of isolated evolu-

1 Archaeology, Social Sciences, University of Western Australia
2 Institut d’Archéologie de Nouvelle-Calédonie et du Pacifique

tion experienced by the local flora before the arrival of 
humans (Jaffré et al. 2004). The archipelago represents, 
alone, one of the world’s floristic regions described by the 
botanists: it contains more than 3200 known indigenous 
species of vascular plants, 77% of which are endemic (op.
cit.). Seven vegetation units have been defined for New 
Caledonia, among which the wet evergreen rainforest is 
the richest, with more than 2000 vascular plant species. It 
covers today approximately 20% of the archipelago land-
mass, mainly the wetter mountainous areas and east coast 
of the Grande Terre. During pre-human times, the sclero-
phyll or dry forest is thought to have covered almost the 
entire west coast of the main island, up to 300 m of altitude, 

– although this remains to be demonstrated by palaeoen-
vironmental data, as this forest is currently found only in 
remnants over less than 2% of the archipelago (Gillespie 
and Jaffré 2003). Nowadays, the most widespread vegeta-
tion units are the savanna woodlands (indigenous taxa 
favoured by fires, such as the Niaouli – Melaleuca quin-
quenervia), secondary shrub lands, or ruderal vegetation 
made up mainly of introduced invasive taxa from the 
post-colonial period. Coastal, mangroves and riverine 
forest groves are still found in forms of more or less large 
remnant bands (Jaffré et al. 2004).

Current archaeological knowledge places the emergence 
of the Kanak cultural complex between the end of the first 
millennium AD and the very beginning of the second mil-
lennium AD (Sand et al. 2008). The various developments 
that characterise the Kanak societies each arose from dy-
namics of strong socio-cultural diversification and of ad-
aptations to the local environment, over the two millennia 
of human presence following the Lapita settlement (Sand 
2002; Dotte et al. 2010a). This so-called ‘pre-colonial’ peri-
od officially ends in 1853, with the French Colonial Empire 
taking over the archipelago. However, in fact, the pre-colo-
nial Kanak complex has a more blurred final boundary: it 
encompasses a post-contact period of nearly a century of 
ill-documented changes (including environmental ones) 
that start after the arrival of Captain James Cook in 1774 
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(Sand et al. 2007). It gradually ends with the imposition of 
the colonial system at different times in different regions 
of the archipelago, throughout the second half of the 19th 
century.

The rise of the Kanak cultural complex produced deeply 
anthropogenised landscapes, associated with a popula-
tion increase, intensified subsistence production systems 
and extensive settlement patterns, evidenced by thor-
ough modification of the landforms (Sand 2002; Sand et 
al. 2008). The settlement system appears to have been or-
ganised within a framework of socio-spatial and economic 
units. It was based on habitation mounds supporting do-
mestic dwellings; these in turn, were distributed around a 
‘central path’ or ‘Allée’ gathering all members of a restricted 
patrilineal descent group; often themselves part of larger 
socio-spatial groups sharing common horticultural lands 
(Bensa and Rivierre 1982; Dotte et al. 2013). It seems that a 
process of genealogical ‘cellular’ development of the Allées 
and of controlled mobility of the lineage groups ensured 
the perenniality and development of the settlement system, 
within a sedentary territory often corresponding to an al-
luvial valley. This territory was linked to a chiefdom, also 
related to a large kinship group of the typical Austronesian 
‘house’ type (Bensa et Rivierre 1982; Guiart 1992; Dotte et 
al. 2013).

Most of the precolonial habitation sites identified on the 
Grande Terre are associated with horticultural sites. The 

latter are organised in two different kind of structures, cor-
responding to two strategies of water management and 
crop types: drainage or irrigation. Dry cultures, mainly 
yams (numerous local varieties of Dioscorea alata and 
Dioscorea esculenta) were cultivated on drained mounds 
arranged in various layouts adapted to topography (Fig. 2). 
Wet cultures, mainly taros (local varieties of Colocasia es-
culenta), were cultivated in irrigated pondfields construct-
ed along mountain slopes, or in beds created in thalwegs 
and valleys (Fig. 2). Ethno-historical descriptions show 
that along with these dominant crops sugarcane (Saccha-
rum officinarum) and bananas (Musa spp.) were cultivated 
on the periphery of the structures (cf. Barrau 1956). Both 
the dry mounds ensembles on valley floors and the irri-
gated pondfields on slopes could extend over vast areas 
(Sand 2002). Both also depended on an extensive system 
of water channels diverting creeks and controlling their 
flow. In association with these intensive horticultural lands, 
ethnological data and current practices indicate that peo-
ple routinely managed small gardens around their houses 
for subsistence crops, and also ornamental and symbolic 
plants, including a few trees (Leenhardt 1953; Barrau 1956). 
Even though there are no descriptions of an arboricultural 
system in place during the Kanak pre-colonial period, the 
preceding work on ethnobotanical data gathered mainly 
by J. Barrau and botanical surveys conducted on archaeo-
logical sites have demonstrated several patterns of trees 
and forestland management, setting the scene for the cur-
rent archaeobotanical research (Dotte-Sarout 2010; Dotte 

Figure 1. New Caledonia and the Tiwaka Valley
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et al. 2010b).

Thus there is contradictory evidence for the precolonial 
exploitation system of vegetation and crops in New Cal-
edonia. On the one side, there is a whole body of archaeo-
logical data showing strong anthropogenic impact over 
the environment and the vegetation1, gradually managed 
through the intensive production system developed dur-
ing the Kanak precolonial period. These dynamics have 
been interpreted as the result of an intensification, over 
the preceding two millennia of human presence, of the 
slash-and-burn system presumably inherited from the 
Lapita subsistence production mode (Sand 2002; Sand et 
al. 2008). These evolutions appear in line with the large 
body of regional studies looking at the rapid destructive 
impacts of human arrival on Pacific islands (see for ex. 
Kirch and Hunt 1997; Steadman 2006; Prebble and Wilms-
hurst 2009; Haberle et al. 2010). On the other side, though, 
the few ethnobotanical data for New Caledonia that do 
not focus on the intensive horticultural structures, empha-
size the importance of trees and vegetation in the Kanak 
socio-spatial system – both from symbolic and utilitarian 
points of view (Leenhardt 1953; Barrau 1956; Bensa and 
Rivierre 1982; Leblic 2005). These are regionally coherent, 

1 Palaeobotanical data are the results of two main studies, cen-
tred on the extreme North and South of the Grande Terre, two 
regions with very peculiar environments (Sémah 1998; Steven-
son 2004). Moreover, detailed analysis of the data or new data 
acquired tend to show strong heterogenity and complexity of 
the vegetation history, and to relate some vegetation changes 
to climatic alterations (Stevenson 1998; Hope et al. 1999; Wir-
rmann et al. 2006; see discussion in Dotte-Sarout 2010: 111–114).

considering the numerous works in South-East Asia/Oce-
ania in general and in Melanesia in particular, that have 
demonstrated the central role of arboriculture in the re-
gion’s common prehistory, as well as traditional practices 
of sustainable management of the vegetation and of ‘for-
est domestication’ (Barrau 1962; Yen and Mummery 1990; 
Lepofsky 1992; Gosden 1995; Yen 1996; Leach 1999; Walter 
and Sam 1999; Latinis 2000; Lebot 2002; Denham 2004, 
2007; Blench 2005; Michon 2005; Petersen 2006; Kennedy 
and Clarke 2007; Kennedy 2012). The case of New Caledo-
nia, without any such forms of arboriculture, would put 
the archipelago strangely apart from its region and from 
the origins of Pacific horticultural systems.

We hence are facing two sets of questions, for which an-
thracology appears as an ideal investigation tool: are there 
any signatures for practices of forest management or ar-
boriculture in the archaeological past of New Caledonia, 
and what are the signs of human impact on the vegetation 
directly before and during the precolonial period?

Methods: applying anthracology to 
New Caledonia archaeology

The term anthracology is now widely used in European 
and Middle Eastern archaeology, to refer to the taxonomi-
cal identification and analysis of wood charcoal macro-
remains from archaeological deposits (Thiebault 2002; 
Scott and Damblon 2010)2. The determination of the taxa 

2 The field of pedo-anthracology is looking at wood charcoal 
macro-remains in non-archaeological deposits. Note that 
the term ‘anthracology’ also differentiates the discipline from 

Figure 2. Horticultural sites on mountain slope
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represented in anthracological assemblages (from botani-
cal families to species), aims at the reconstitution of an-
cient ecosystems and of their exploitation by past societies. 
In the last 30 years, the multiplication of anthracological 
studies and the diversification of questions investigated 
have produced a rigorous set of methodological and theo-
retical principles, with many experimental data (see Cha-
bal et al. 1999; Figueiral and Mosbrugger 2000; Théry-Par-
isot et al. 2010). However, the large majority of these works 
have been undertaken in Europe or the Near/Middle East; 
i.e. in temperate, mediterranean or arid environments.

In the tropics, and more especially in Oceania, the system-
atic anthracological approach – i.e. applying the discipline 
principles for sampling representativeness and interpreta-
tions–remains extremely rare. This is mainly due to the 
high taxonomical diversity, lack of reference material or 
wood anatomy descriptions, and lack of regional spe-
cialists training. Nevertheless, studies using the identifi-
cation of archaeological wood charcoal macro-remains 
for palaeoenvironmental or palaeoethnobotanical inter-
pretations in Oceania have been published since the 90’s. 
Major works such as those of C. Orliac, G. Murakami, D. 
Lepopfsky or J. Coil, mostly focus on Eastern Polynesia 
with a few examples in Micronesia (ex.: Athens et al. 1996; 
Lepofsky et al. 1996; Orliac M. 1997; Di Piazza 1998; Allen 
and Murakami 1999; Orliac C. 2000; Kahn and Coil 2006).

To date, the main reference for methodological and theo-
retical issues surrounding the application of anthracology 
in the tropics remains the extensive work of R. Scheel-
Ybert in Brasil (2000, 2001, 2002).

In particular, she demonstrated that, in highly diverse en-
vironments, samples of 400 identifiable fragments3 per 
stratigraphic unit were ideal to obtain a reliable represen-
tation of the taxonomic diversity in a deposit. Our study 
used two techniques4 borrowed from botanical studies 
and routinely applied by anthracology, to control ecologi-
cal diversity and representativeness of the assemblages, 
and to ensure that the results are coherent (Chabal et 
al. 1999; Scheel-Ybert 2002). Nearly 2400 fragments were 
analysed and 3/4 of them were identified, (more than 50% 
down to the genus level at least), which represented 136 
different taxa. Unidentified taxa comprised 70 different 
types, most of them being rare taxa, only represented in 
one assemblage and by one or two fragments. These results 
showed that the anatomical database and strategic choices 

‘wood charcoal analysis’, that relates to the counting and statis-
tical analysis of micro-charcoals in palaeoenvironmental cores.

3  Previous experimental work have demonstrated that counting 
and weighing are equivalent for quantifying taxa frequency in 
anthracological assemblages, with counting being the most ef-
ficient in relation to laboratory techniques for wood charcoals 
identification (Chabal et al. 1999; Théry-Parisot 2010).

4  Namely the Specie-Area curve plotting the number of iden-
tifiable fragments against the number of new taxa appearing 
during analysis; and the Pareto Index calculating the ratio fre-
quency of taxa over diversity of a given population.

made for the constitution of the reference collection were 
efficient and supported our archaeological focus (Dotte-
Sarout 2010: 196–205).

Indeed, as this was the first application of anthracology in 
the region, there were no existing reference collections of 
wood samples or wood anatomy atlases available (except 
for a few publications oriented to economic timbers which 
were poorly organized for archaeobotanical identification). 
In consequence, the first phase of the research program 
was the construction of a wood reference collection focus-
ing on New Caledonia. Given the high diversity and en-
demism level of the New Caledonia flora, a specific strat-
egy was followed to determine priority taxa that should 
be included in a first, partial, but most pertinent possible 
reference collection (op. cit. : 179–205). Finally, 142 taxa 
were sampled (with accompanying botanical vouchers to 
support botanical identification). Each wood specimen 
was then charred under controlled conditions and ob-
served under a reflective light microscope, as well as with 
a Scanning Electron Microscope when needed, in order to 
describe the anatomical features of the wood. This infor-
mation was systematically compiled within a searchable 
database that also contains pictures of each of the three 
anatomical sections for each taxon (Dotte-Sarout 2010).

Following initial surveys led with the IANCP, three sites 
were chosen for excavations because they characterized: (i) 
different ecological zones of the valley (mid-altitude wet 
rainforest area in the middle valley, riverine environment 
in the deep valley, and river mouth/mangrove lowlands 
in the coastal alluvial plain); (ii) different spatial patterns 
of settlement / layouts of the Allées; (iii) several kinds of 
domestic contexts (simple dwellings or kitchen mounds) 
(Fig. 1). Test pits ranging from 1 to 2 m2 were excavated in 
the settlement mounds to identify the different levels of 
occupation, mound construction and pre-construction 
deposits. All sediment excavated was wet-sieved through 
2 mm mesh screens, focusing on dispersed charcoals 
rather than concentration zones, as per anthracological 
recommendations for long-term representativeness of the 
archaeobotanical deposit (Chabal et al. 1999; Thery Pari-
sot 2010). Other archaeological materials retrieved from 
excavations and wet-sieving were collected for analysis 
by the IANCP and some charcoal samples were collected 
specifically for dating (table 1). Finally, we took three cores 
along a transect in the alluvial plain, so as to investigate 
the history of the sedimentary deposition.

Results:
archaeological and anthracological 
analysis of three Kanak precolonial sites

The space constraints of this article do not allow us to de-
tail all taxa identified, nor to present all anthracological 
tables/diagrams. We present general conclusions reached 
from the taxonomic identifications and ecological analy-
ses for each of the assemblages. Examples of diachronic 
diagrams gathering the most frequent or more significant 
taxa identified per site and/or of anthracological ‘spectrum’ 
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Table 1. Dates and Stratigraphy from the excavations

S.U.
Position	  of	  dated	  

sample
Radiocarbon	  age	  BP Selected	  Calibrated	  Date	  ranges* Laboratory	  code Taxon Interpretation	  of	  layer	  formation

Anthracological	  
assemblage

S.U.1	  :	  recent	  post-‐
colonial	  activities

Pastures	  and	  cultivations	  activities	  over	  the	  last	  
150	  years.	  

No

25	  cm 190+/-‐40	  BP	  	  	  	  	  	  	  
CAL.AD	  1	  sigma	  =	  1740-‐1810	  	  	  	  	  	  
CAL.AD	  2	  sigma	  =	  	  1720-‐1820,	  	  

1840-‐1880	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Beta	  (AMS)	  -‐	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Beta-‐233876

unidentified	  type	  4	  
(angiospermes)

anthracological	  
assemblage
(20-‐45	  cm)

110	  +/-‐	  40	  BP
CAL.AD	  1	  sigma=	  1810-‐1930
CAL.	  AD	  2	  sigma	  =	  1800-‐1950	  

Beta	  (AMS)	  -‐	  	  	  	  	  	  	  	  	  	  	  
Beta-‐262486	  

Artocarpus	  altilis

45	  cm	  
(with	  burnt	  sherds)

230+/-‐40	  BP,	  	  	  	  	  	  	  	  	  	  
CAL	  AD.	  1	  sigma=	  1780-‐1800	  
CAL.AD	  2	  sigma	  =	  1740-‐1810	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Beta	  (AMS)	  -‐
Beta-‐235492

cf.	  Drypetes	  
deplanchei

55	  cm 230+/-‐40	  BP
CAL	  AD.	  1	  sigma=	  1780-‐1800	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
CAL.AD	  2	  sigma	  =	  1740-‐1810	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Beta	  (AMS)	  -‐
Beta-‐233877

Sapindaceae	  cf.	  
Ellastotachys	  apetala

80	  cm	  (end) 140+/-‐40	  BP
CAL.AD	  1	  sigma	  =	  1800-‐1880	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
CAL.AD	  2	  sigma=	  1660-‐1960

Beta	  (AMS)	  -‐	  	  	  	  	  	  	  	  	  	  Beta-‐
235490

Casuarina	  
equisetifolia

bulk	  sample 160	  +/-‐	  40	  BP
CAL.AD	  1	  sigma	  =	  1790-‐1820
CAL.AD	  2sigma=	  1660-‐1960

Beta	  (AMS)	  -‐	  	  	  	  	  	  	  	  	  	  	  	  
Beta-‐262487	  

Moraceae

S.U.	  3:	  Mound	  
construction	  fill

anthracological	  
assemblage	  	  	  	  	  	  	  	  	  	  	  (45	  

-‐100	  cm)
90	  +/-‐	  40	  BP

CAL.AD	  1	  sigma=	  1690-‐1730	  
CAL.	  AD	  2	  sigma=	  1680-‐1770	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Beta	  (AMS)	  -‐
Beta-‐262488	  

Fagraea	  berteroana
Mound	  construction	  fill,	  centred	  around	  the	  
17th	  century	  AD.	  	  

Yes

135	  cm 340+/-‐40	  BP
CAL.AD	  1	  sigma	  =	  1470-‐1640
CAL.AD	  2	  sigma	  =	  1450-‐1650

Beta	  (AMS)	  -‐	  	  	  	  	  	  	  	  	  	  Beta-‐
235491

unidentified	  type	  1	  
(angiosperm)

anthracological	  
assemblage	  	  	  	  	  	  	  	  	  (100	  

-‐135	  cm)
370	  +/-‐	  40	  BP

	  CAL.AD	  1	  sigma	  =	  1450-‐1520,
1580-‐1630	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

CAL.AD	  2	  sigma	  =	  	  1440-‐1640	  	  

Beta	  (AMS)	  -‐
Beta-‐262489	  

Caesalpiniaceae

S.U.	  5:	  alluvium
Development	  of	  the	  alluvial	  plain	  in	  its	  modern	  
extense

S.U.	  6	  (a	  and	  b):	  
progressive	  fill	  of	  
the	  river	  mouth	  by	  

sand	  and	  clay	  
deposits

Formation	  of	  a	  sand	  bar	  and	  secondary	  arm	  of	  
the	  river,	  alluvium	  and	  colluvium	  fills	  of	  the	  
swamp.	  	  Secondary	  arm	  keep	  a	  mangrove	  with	  
slow	  rate	  of	  deposition	  (6a)	  before	  being	  filled	  
by	  coarser	  sandy	  sediments	  (6b)

S.U.	  7	  :	  mangroves	  
and	  swamps	  silty	  

sediments

Wide	  estuary	  with	  mangroves,	  extending	  under	  
contemporary	  alluvial	  plain	  towards	  swampy	  
area	  bordering	  the	  hillslopes.	  Slow	  rate	  silty	  
sedimentation	  with	  organic	  activities.

Ref: IntCal04 Calibration Curve (Beta) and OxCal v.3.10 (Waikato)

*Discussion of dates and calibration in Dotte-Sarout (2010), particularly for recent dates (17th-19th centuries).

Alluvial	  deposition	  preceding	  the	  construction	  
of	  the	  channel,	  settlement	  and	  horticultural	  
mounds	  of	  Komijien,	  but	  incorporating	  traces	  of	  
Kanak	  pre-‐contact	  occupation	  on	  the	  plain,	  
dated	  to	  around	  the	  16th	  century	  AD.	  

Layer	  of	  re-‐furbishment	  of	  the	  mound	  after	  fire	  
destruction	  	  of	  preceding	  occupation,	  covering	  
existing	  posthole.	  Probably	  occuring	  around	  the	  
late	  18th/early	  19th	  century	  AD.	  Possibly	  
corresponding	  to	  the	  take	  over	  of	  	  the	  plain	  by	  
a	  new	  chiefdom	  (oral	  traditions).

Yes

Yes

Stratigraphy	  and	  Chronology	  interpretation,	  Komijièn

Cores
	  	  S.U.	  1	  to	  4	  appear	  as	  an	  undifferenciated	  alluvial	  layer	  in	  the	  cores	  east	  and	  west	  of	  the	  excavated	  mound.	  

S.U.2	  :	  
occupations	  and	  
fire	  destruction	  

Post	  hole

S.U.	  3a	  :	  re-‐
furbishment	  of	  the	  
mound	  following	  

first	  fire	  and	  
destruction

S.U.4	  :	  alluvium	  
with	  pre-‐contact	  

Kanak	  
archaeological	  

material	  

occupation	  during	  the	  first	  half	  of	  the	  19th	  
century	  AD,	  with	  violent	  destruction	  (fire)	  
probably	  corresponding	  to	  the	  1862	  military	  
repression	  	  over	  the	  plain.	  

S.U.
Position	  of	  dated	  

sample
Radiocarbon	  age	  BP Selected	  Calibrated	  Date	  ranges* Laboratory	  code Taxon Interpretation	  of	  layer	  formation

Anthracological	  
assemblage

8	  cm 150+/-‐40	  BP
CAL.AD	  1	  sigma	  =	  1800-‐1820	  	  	  	  
CAL.AD	  2	  sigma	  =	  	  1660-‐1960	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Beta	  (AMS)	  -‐
Beta-‐235496

unidentified,	  type	  2	  
(angiosperm)

within	  
anthracological	  
assemblage	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(5-‐10	  cm)

110	  +/-‐	  40	  BP	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
CAL.	  AD	  1	  sigma	  =	  1810-‐1930	  	  
CAL.	  AD	  2	  sigma	  =	  	  1800-‐1950	  	  	  	  	  

Beta	  (AMS)	  -‐	  
Beta-‐262483	  

cf.	  Amborellaceae

S.U.1-‐S.U.2	  limit:	  
first	  occupation

10	  cm 140+/-‐40	  BP	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
CAL.AD	  1	  sigma	  =	  1800-‐1880	  	  	  	  	  	  	  	  	  
CAL.AD	  2	  sigma	  =	  1660-‐1960	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Beta	  (AMS)	  -‐
Beta-‐235497

Gymnostoma	  
nodiflora

Terrace	  surface	  supporting	  the	  mound.	  Early	  
19th	  century.

25-‐30	  cm 106+/-‐30	  BP	  	  	  	  	  	  	  
CAL.	  AD	  1	  sigma=	  1820-‐1940	  
CAL.AD	  2	  sigma	  =	  1810-‐1960	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Waikato	  (AMS)	  -‐	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Wk22567

cf.	  Hibiscus	  tiliaceus

within	  
anthracological	  
assemblage	  	  	  	  	  	  	  	  	  	  	  	  
(17-‐50	  cm)

1250	  +/-‐	  40	  BP	  	  
CAL.	  AD	  1	  sigma	  =	  690-‐780	  
CAL.	  AD	  2	  sigma=	  670-‐880

Beta	  (AMS)	  -‐
Beta-‐262484	  

Casuarinaceae

within	  
anthracological	  
assemblage
(50-‐60	  cm)

2630	  +/-‐	  40	  BP	  	  	  	  	  
CAL.	  BC	  1	  sigma	  =	  	  800-‐770	  
CAL.	  AD	  2	  sigma	  =	  810-‐750

Beta	  (AMS)	  -‐
Beta-‐262485	  

Loganiaceae	  cf.	  
Fagraea	  beteroana

S.U.3	  :	  
pre-‐construction	  

deposit
65	  cm	  (//tessons) 390+/-‐40	  BP	  	  	  	  	  	  	  	  	  	  	  	  

CAL.AD	  1	  sigma	  =	  1450-‐1500	  
CAL.AD	  2	  sigma	  =	  1440-‐1540	  	  	  	  	  

Beta	  (AMS)	  -‐
Beta-‐235499

unidentified,	  type	  3	  
(angiosperm)

Layer	  of	  'natural'	  deposition	  following	  the	  slope	  
orientation.	  Dates	  indicate	  possible	  start	  of	  
deposition	  during	  the	  15th	  century	  AD	  and	  
continuation	  until	  the	  emnkment	  works	  of	  the	  
19th	  century	  AD.

No

S.U.4	  :	  schists	  
Non-‐anthropogenic	  deposits,	  and	  no	  fire	  traces.	   No

6 under	  145	  cm 1980	  +/-‐	  130	  BP	   CAL.	  BC	  162	  -‐	  AD	  217
Beta	  -‐	  59966	  (Sand	  et	  

Ouetcho	  93)
Clayous	  sediment,	  containing	  large	  charcoal	  
fragments

7 under	  180	  cm	   2620	  +/-‐	  60	  BP	  =	  	  	  	  	  	  	  	   CAL.	  BC	  829	  -‐793
Beta	  -‐	  66644,

CAMS	  9887	  (Sand	  et	  
Ouetcho	  93)

Clayous	  sediment	  light	  brown	  to	  orange,	  with	  a	  
few	  charcoals,	  interpreted	  as	  substratum.

Ref: IntCal04 Calibration Curve (Beta) and OxCal v.3.10 (Waikato)

*Discussion of dates and calibration in Dotte-Sarout (2010), particularly for recent dates (17th-19th centuries).

Yes

Yes

Fill	  for	  embankment	  works	  to	  created	  the	  
terrace.	  Dates	  indicate	  a	  mix	  of	  deposit	  from	  
the	  probable	  slash-‐and-‐burn	  directly	  preceding	  
the	  embankment	  work	  in	  the	  19th	  century	  AD	  
(with	  Kanak	  ceramic	  sherds)	  and	  from	  the	  
ancient	  S.U.	  deposited	  under	  the	  schist	  layer.	  
See	  correspondance	  with	  dates	  obtained	  by	  
Sand	  and	  Ouetcho	  (1993)	  at	  the	  bottom	  of	  the	  
hillslope.

Layers	  observed	  under	  the	  schists	  S.U.	  in	  a	  natural	  section	  cut	  by	  a	  creek	  down	  slope,	  neighbouring	  site	  of	  Pwadaï	  (Sand	  et	  Ouetcho	  1993)

Stratigraphy	  and	  Chronology	  interpretation,	  Tiaboué

Mound	  occupation,	  specific	  shape	  associated	  to	  
'kitchen'	  houses.	  Archaeological	  material	  and	  
oral	  traditions	  indicate	  19th	  century	  occupation	  
and	  late	  abandonment.

S.U.2	  :	  
construction	  fill

S.U.1	  :	  occupation
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showing all identified taxa per level will be presented. All 
details of anthracological identification and interpreta-
tions can be found in Dotte-Sarout (2010).

The first site examined, Pwadaunu, was identified through 
aerial photography analysis and represents a typical al-
titude habitation site (at an around 500 m. elevation). It 
was established on the slopes of the mountainous massif 
Mwîdip, which reaches an altitude of 959 m. Eighty-eight 
taxa were described during anthracological work, includ-
ing 15 indeterminate types, on all three assemblages ob-
tained for this site (table 1). The oldest assemblage, from 
the stratigraphic level preceding the mound construction 
(S.U. 3), does not demonstrate traces of human pressure 
in the taxonomic composition of the vegetation (Fig. 3). 
However, it shows the existence of a specific rainforest 
type, so-called ‘photo-xerophilous’ (open facies), on the 
area. Moreover, the deposit is archaeologically sterile but 
bears signs of a fire event, dated to around the 11–12th cen-
tury cal. AD (Dotte-Sarout 2010: 245–250). It is interesting 
to note that, at the turn of the 11th century, the climate 
seems to have experienced a relatively abrupt change from 
overall dry conditions to the establishment of cyclonic and 
wet conditions, which continued until the mid-15th cen-
tury. Following these changes, the climate enters a phase 
marked by a strong irregularity in rainfall patterns that 
continued up until the present days (see Dotte et al. 2010a).

In the overlying construction deposit (S.U. 2), the first 
traces of human activity on the site are detected from: (i) 
the remains of precontact archaeological material, with a 
mixture of ceramic types including those produced since 
the first millennium AD (Plum and Balabio) and those 
associated with second millennium Kanak occupations 
(Oundjo) (Sand et al. 2011); (ii) the appearance of taxa 
with anthropogenic signatures in the anthracological 
diagram, including trees planted or managed and related 
to the Kanak spatial occupation patterns (Fig. 3: see taxa 
listed under ‘anthropogenic vegetation’). Accordingly to 
the development patterns of Kanak precolonial habitat 
we interpret this deposit as representing remains from 
surrounding activities on some early mounds, or even 

first Allées, erected and settled between the 13th and 14th 
century cal. AD. These remains would have been gathered 
in the embankment for the construction of the excavated 
mound, estimated to have occurred at some point during 
the 15th century cal. AD (table 1). In addition, the dominant 
rainfall regimes of this period, according to palaeoclimatic 
records, would have allowed the nearby creeks (currently 
dry) to have a regular flow, large enough to allow such a 
settlement away from the main Tiwaka river. The multi-
ple canals and drained horticultural structures that were 
surveyed in Pwadaunu could thus have been constructed 
during this period (Dotte-Sarout, 2010: 237–244).

This development would have resulted in a fine but sub-
stantial transformation of the surrounding forestland. In-
deed, the assemblage of charcoal from the construction 
level shows, alongside purely socio-cultural species, the 
appearance and multiplication of trees characterised by a 
wide variety of ecological statuses and reflecting an open-
ing of the forest associated with human impact over its 
composition (secondary taxa such as Geissois spp. and 
savanna taxa such as the niaouli) (Fig. 3). Moreover, the 
assemblage demonstrates the persistence of the photo-
xerophilous forest even though climatic conditions may 
have been getting wetter since the turn of the millennium. 
We link this to the human management of the forestland 
through drainage channels and creek diversion, precise 
application of slash-and-burns and transplanting or spe-
cific care of selected species.

Accordingly, within the occupation level of the mound 
(S.U. 1) are the main components that make up the tra-
ditional vegetation associated with precolonial Kanak 
habitation sites: socio-cultural and utilitarian taxa (as the 
cordyline or the coconut), hybrid taxa both associated 
with rainforest and anthropogenic vegetation (i.e. Fagraea 
berteroana or Ficus spp.), as well as savanna taxa such as 
the niaouli (Fig. 3). Significant increase in human pressure 
over the vegetation can be dated to this period, follow-
ing the construction and initial occupation of the mound 
(so after the 15th century), most probably linked to the 
expansion of social groups settled in the area (see op.cit.). 

Table 1. Continued

S.U.
Position	  of	  dated	  

sample
Radiocarbon	  age	  BP Calibrated	  Date	  ranges* Laboratory	  code Taxon Interpretation	  of	  layer	  formation

Anthracological	  
assemblage

S.U.	  1	  :	  occupation 10-‐20	  cm 160+/-‐40	  BP	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
CAL.AD	  1	  sigma	  =	  	  1790-‐1820	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
CAL.AD	  2	  sigma	  =	  	  1660-‐1960	  	  

Beta	  (AMS)	  -‐	  	  	  	  	  	  	  	  	  
Beta-‐235493

Sapindaceae	  cf.	  
Guioa	  villosa

Mound	  occupation(s),	  until	  19th	  century	  AD,	  
with	  pre	  and	  post-‐contact	  archaeological	  
material.

	  S.U.	  1-‐S.U.	  2	  limit	  
:	  first	  occupation

26	  cm 380+/-‐40	  BP	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
CAL.AD	  1	  sigma	  =	  1450-‐1520
CAL.	  AD	  2	  sigma	  =	  1440-‐1640	  	  	  	  	  	  	  	  	  	  

Beta	  (AMS)	  -‐	  	  	  	  	  	  	  	  
Beta-‐235494

Melaleuca	  
quinquenervia

Begining	  of	  occupation	  from	  the	  second	  half	  of	  
the	  15th	  century	  AD	  

S.U.2	  :	  
construction	  fill

35	  cm 714+/-‐30	  BP	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

CAL.	  AD	  1	  sigma	  =	  1295-‐1325,
1365-‐1390

CAL.	  AD	  2	  sigma	  =	  1280-‐1340,
1350-‐1400

Waikato	  (AMS)	  -‐	  
Wk-‐22566

Unidentified	  type	  53	  
(cf.	  Moraceae)

Mound	  construction	  during	  the	  14th	  century	  
AD:	  deposits	  from	  immediately	  preceding	  slash-‐
and-‐burn	  but	  also	  from	  previous	  pre-‐contact	  
occupation	  possibly	  starting	  at	  some	  point	  in	  
the	  late	  first	  millenium	  AD	  according	  to	  
archaeological	  material.

Yes

S.U.3	  :	  
pre-‐construction	  

deposit
53	  cm 920+/-‐40	  BP	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

CAL.AD	  1	  sigma	  =	  1040-‐1170	  	  
CAL.AD	  2	  sigma	  =	  	  1020-‐1210	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Beta	  (AMS)	  -‐	  	  	  	  	  	  	  	  	  
Beta-‐235495

Guttifereae	  cf.	  
Calophyllum	  
caledonicum

Deposit	  pre-‐dating	  mound	  occupation.	  No	  
archaeological	  material	  but	  	  traces	  of	  fire	  
event(s)	  centred	  around	  the	  12th	  century	  AD.	  

Yes

S.U.4	  :	  substrate No

Ref: IntCal04 Calibration Curve (Beta) and OxCal v.3.10 (Waikato)

*Discussion of dates and calibration in Dotte-Sarout (2010), particularly for recent dates (17th-19th centuries).

Stratigraphy	  and	  Chronology	  interpretation,	  Pwadaunu

Yes
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Melaleuca quinquenervia
cf. Melaleuca quinquenervia

Meliaceae
Frag. Noix Cocos nucifera

Casuarina collina / Gymnostoma nodiflora
cf. Casuarina collina / Gymnostoma nodiflora

Casuarinacea (cf.) Casuarina equisetifolia
Rhamnella vitiensis

cf. Rhamnella vitiensis
Montrouziera cauliflora

cf. Montrouziera cauliflora
Cyathacea, cf. Pteridophyte
cf.Calophyllum caledonicum

Carpolepis laurifolia
cf. Carpolepis laurifolia

Cryptocaria macrocarpa
cf. Cryptocaria macrocarpa
cf. Dysoxilum machrantum

Piliocalix macrophylla
cf. Piliocalix macrophylla

cf. Kermadecia sinuata
cf. Semecarpus atra

Mimusops elengii
cf. Cerbera manghas

Cupaniopsis cf. trigonocarpa
Aglaia elaeagnoidea

cf. Aglaia elaeagnoidea
cf. Garcinia puat

Hernandia cordigera
Cleistanthus stipitatus

cf. Diospyros fasiculosa
Dysoxilum cf. rufescens

cf. Thiegemopanax bracteatus
cf. Ficus prolixa

Ficus fraseri
Frag. Noix Aleurites moluccana

Rubiacea cf. Ixora cauliflora
cf. Guioa villosa

Cordyline sp.ti
cf. Monocotylédone, cf. Cordyline sp. ?

Fagraea berteroana
cf. Fagraea berteroana

Elaeocarpus angustifolius
cf. Elaeocarpus angustifolius

cf. tubercule, cf. Dioscorea sp. ?
Depanthus glaber

Geissois racemosa
cf. Geissois racemosa

Monocotylédone, cf. Dendrocalamus/Saccharum
Pagiantha serifera

cf. Cerberiopsis candelabra
Cleidion vieillardii

cf. Cleidion vieillardii
Cunoniacea cf. Codia incrassata

Cunonia austrocaledonica
Cunoniacea cf. Cunonia austrocaledonica

Schefflera veitchii
Araliacea cf. Schefflera sp.

Cupaniopsis cf. sylvatica
Apodytes clusifolia
Ficus cf. ortophora
Geissois cf. hirsuta

Ilex sp.
Symplocos arborea/Nemuaron vieillardii

cf. Nemuaron vieillardii
cf. Symplocos arborea

Neuburgia neocaledonica
cf. Intsia bijuga

cf. Macaranga alcharoides
type 17 cf. Amborella / Zygogynum sp.

type 57 cf. Montrouziera sp.
t58 Myrtacea cf. Carpolepis sp. / Sapindacea cf.…

type 51 cf. Cunoniacea/Pleurostylia
type 53 cf. Cunoniacea

Codiaeum peltatum
cf. Pleurostylia opposita

cf. Homalium deplanchei
Eugenia gacognei (cf. Piliocalix macrophylla)

cf. Eugenia gacognei
type 56 cf. Croton insularis

cf. Ochrosia elliptica
type 52
type 54
type 55

Relative proportion of taxa
in the assemblage

(%)

Anthracological spectrum, Pwadaunu SU1

Wet rainforest
Sclerophyll forest
Anthropogenic vegetation
Photo-xerophilous rainforest

Gramineae cf. Dendrocalamus sp. 
(Bamboo) 
Cordyline, 
Coconut and candlenut frag., 
tuber cf. Dioscorea sp.

Clusiaceae-
Montrouziera cauliflora (Houp)

Casuarinaceae 
– Gymnostoma sp.

M. quinquenervia 
(Niaouli)

Main families:
Euphorbiaceae
Cunoniaceae
Meliaceae
Apocynaceae
Myrtaceae

Figure 3. Anthracological assemblages of Pwadaunu, examples of synchronic anthracological spectra
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Figure 3. Continued
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Cupaniopsis cf. sylvatica
Dysoxilum cf. machrantum
cf. Dysoxilum machrantum

cf. Ilex sp.
Apodytes clusifolia

cf. Apodytes clusifolia
Calophyllum caledonicum

Symplocos arborea
Thiegemopanax bracteatus

Nemuaron vieillardii
cf. Nemuaron vieillardii

Crossostylis sp.
Cleidion vieillardii

Piliocalix macrophylla
cf. Piliocalix macrophylla

Gardenia oudiepe
cf. Gardenia oudiepe

Cunoniacea (cf. Pancheria gatopensis)
Cunonia austrocaledonica

Cunoniacea cf. Cunonia austrocaledonica
cf. Cunoniaceae (Cunonia austrocaledonica)

Apocynaceae cf. Cerberiopsis candelabra
Cupaniopsis cf. trigonocarpa

cf. Cupaniopsis cf. trigonocarpa
Rubiacea cf. Ixora cauliflora

cf. Ixora cauliflora
Garcinia puat

Guttiferea cf. Garcinia puat
Mimusops elengii

Diospyros fasiculosa
cf. Diospyros fasiculosa

Araliacea cf. Thiegemopanax bracteatus
Cleistanthus stipitatus

cf. Cleistanthus stipitatus
Euphorbiacea cf. Codiaeum peltatum
Sapotaceae cf. Planchonella cinerea

Sapindacea cf. Cupaniopsis cf. sylvatica
Euphorbiaceae cf. Drypetes deplanchei

Schefflera sp.
Fontainea pancheri

cf. Fontainea pancheri
cf. Apocynaceae (cf. Ochrosia elliptica)

type 53 cf. Cunoniacea / Apocynacea
Ficus cf. fraseri

Aleurites moluccana
(cf.) Aleurites moluccana

Frag. Noix Aleurites moluccana
Monocotylédone (cf.) Cordyline sp.

Fagraea berteroana
(cf.) Fagraea berteroana

Apocynacea (type 61)
cf. Alphytonia neocaledonica
Sapindacea cf. Guioa villosa
Elaeocarpus cf. angustifolius
cf. Elaeocarpus angustifolius

Geissois racemosa
cf. Geissois hirsuta

cf. Geissois racemosa
Geissois cf. hirsuta

Geissois cf. racemosa
Pagiantha serifera

Monocotylédone cf. Dendrocalamus sp.
Araucariacea (cf.) Araucaria (cf.) columnaris

cf. Araucariacea
Montrouziera cauliflora

Cyathacea
Myrtaceae (cf. ) Arillastrum gummiferum

Cryptocaria macrocarpa
Casuarina collina / Gymnostoma nodiflora

cf. Casuarinaceae
Casuarinacea cf. Casuarina equisetifolia

Carpolepis laurifolia
cf. Carpolepis laurifolia

Codiaeum peltatum
Pleurostylia opposita

cf. Pleurostylia opposita
Eugenia gacognei

cf. Eugenia gacognei
Acacia spirorbis

Acronychia laevis
Rhamnella vitiensis

Frag. Noix Cocos nucifera
(cf.) Syzygium malaccense

(cf.) Artocarpus altilis
Melaleuca quinquenervia

cf. Melaleuca quinquenervia
cf. Barringtonia neocaledonica

tubercule
indéterminé, cf. Pteridophyte ou frag. de noix

Monocotylédone indéterminable
type 54
type 59
type 60
type 62

Type 63

Relative proportion of taxa
in the assemblage

(%)

Anthracological spectrum, Pwadaunu SU2

Wet rainforest
Sclerophyll forest
Anthropogenic vegetation
Photo-xerophilous rainforest

Melaleuca quinquenervia (Niaouli)

Casuarinaceae – Gymnosotoma sp.

Aleurites moluccana (Candlenut)
Ficus spp
Syzygium malaccense (Malay apple)
Araucaria
cf. Artocarpus altilis (breadfruit)
Coconut fragments,
cf. Cordyline 
cf. Dendrocalamus sp.(bamboo)

Main families:
Euphorbiaceae
Myrtaceae
Cunoniaceae
Apocynaceae
Sapindaceae
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Casuarina collina / Gymnosotoma sp.

cf. Casuarina collina / Gymnosotoma sp.

Carpolepis laurifolia

cf. Carpolepis laurifolia

Montrouziera cauliflora

cf. Calophyllum caledonicum

cf. Cyathacea

Dysoxilum cf. machrantum

Dysoxilum sp.

Psychotria cf. collina

cf. Gardenia oudiepe

Cleistanthus stipitatus

cf. Cleistanthus stipitatus

cf. Flacourtiacea

Euphorbiacea (cf.) Macaranga alcharoides

Diospyros fasiculosa

cf. Diospyros fasiculosa

Garcinia puat

Cupaniopsis cf. trigonocarpa

Drypetes deplanchei

cf. Schefflera

Fagraea berteroana

Geissois racemosa

Cunoniacea cf. Cunonia austrocaledonica

Piliocalix macrophylla

Nemuaron vieillardii

cf. Nemuaron vieillardii

Symplocos arborea

type 53 cf. Cunoniacea/Apocynacea

Type 65, cf. Myrtaceae

cf. Celastraceae, Pleurostylia opposita

cf. Myrtaceae, Melaleuca quinquenervia

non ligneux cf. tubercule

Fragment de noix, cf. Aleurites

Fragment de noix, cf. Cocos

type 54

type 62

type 64

type 66 indéterminé

non woody cf. tubers

Monocotydelone indéterminable

Relative proportion of taxa
in the assemblage

(%)

Anthracological spectrum, Pwadaunu SU3

Wet rainforest
Photo-xerophilous rainforest
Anthropogenic vegetation

Main families:
Euphorbiaceae
Myrtaceae
Clusiaceae
Rubiaceae
Meliaceae
Cunoniaceae

Symplocos arborea /
Nemuaron vieillardii
(2 taxa with similar anatomy 
& restricted to the wet forest)

Casuarinaceae 
– Gymnostoma sp.

Figure 3. Continued
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Thus, the human impact recorded by the anthracologi-
cal assemblages appears quite fine and complex: it starts 
with a precise manipulation of the forest spatial patterns 
and of its taxonomical composition, it evolves towards a 
more marked disturbance demonstrated by the establish-
ment of secondary and/or invasive vegetation (savanna 
or ruderal taxa), leading finally to the modern vegetation 
landscape.

The second site of our study, Tiaboué, was identified dur-
ing surveys conducted by the New Caledonia Archaeol-
ogy Department (now IANCP) in 1992 (Sand and Ouetcho 
1993). The site represents a low altitude (100 m.) occupa-
tion in the deep valley, located on an artificial terrace 
built 50 m. above the river banks. It is characteristic of a 
precolonial Kanak settlement site, on which occupation 
has continued quite late after colonization–ethnohistori-
cal data suggests until the very end of the 19th century 
(op.cit.). Anthracological identification work described 94 
taxa, including 44 indeterminate types, throughout the 
two assemblages obtained for this site. The comparison 
of the site’s stratigraphy and radiocarbon dates with those 
of the connected site of Pwadaï (Sand and Ouetcho 1993) 
highlighted the complexity of the excavated deposits 
(Dotte-Sarout 2010: 289–295) (table 1). Thus, only the most 
recent assemblage has been used for synchronic analysis 
of the vegetation, the lower one representing a mixture 
of deposits spanning over 2500 years. Therefore, the veg-
etation units deduced from the anthracological spectrum 
have only been studied for the youngest assemblage; while 
specific anthropogenic or ecological meanings associated 
with the presence of certain species have been interpreted 
in both assemblages.

The combination of our data with results previously ob-
tained on Pwadaï by the IANCP shows that fire occurred 
on this hillside in the early first millennium BC and first 
millennium AD. The formation of a sterile layer of clay and 
slate blocks, at the bottom of the slope, has been estimated 
to have occurred after the early first millenium AD and 
before the 15th century cal. AD (op.cit.). This layer could 
be interpreted as the result of a major phase of erosion 
and colluvium deposition. It seems from our anthracologi-
cal results that the niaouli savanna undergoes a phase of 
development prior to the construction of Tiaboué, which 
can be directly linked to the occurrence of bush fires and 
deforestation (Fig. 4). At the same time, we must temper 
the vision of a large-scale deforestation with the strong 
presence of rainforest tree species in the assemblage of 
wood charcoal coming from the construction layer of the 
mound – S.U. 2 (Dotte-Sarout 2010: 297–306) (Fig. 4). The 
level preceding the mound construction, deposited be-
tween the 15th and early 19th century also contains little 
charcoal or other signs of bushfires. Furthermore, the first 
half of the second millennium is characterised by wet and 
cyclonic conditions, which may have favored violent ero-
sion events and the formation of the colluvial apron.

Precolonial Kanak settlement sites were present on the 
hillside by at least the middle of the second millennium 

AD, as evidenced by the presence of Oundjo sherds in the 
deposit preceding the embankment construction, in con-
nection with a charcoal sample dated to the 15th century 
cal. AD. Similarly, material and anthracological data from 
the construction layer show that there was a precolonial 
Kanak occupation in the area before the construction of 
Tiaboué, probably accompanied by horticultural activities. 
Oundjo sherds are present in this layer, while the anthra-
cological data signals the presence of woody species typi-
cal of the Kanak settlement system, with either symbolic 
or utilitarian values (Fig. 4). It seems likely that these re-
mains originate from the site of Pwatito, which directly 
overlooked Tiaboué on the same hill slope. In addition, so-
cio-spatial and ethnohistorical analysis related to Pwatito 
showed that the site could be the original settlement from 
which grew the habitat and lineage ensemble encompass-
ing Tiaboué. The latter appears to have finally been created 
in the early 19th century (all data and analyses in Dotte-
Sarout 2010: 280–295).

The human impact on the vegetation recorded during the 
occupation of Tiaboué can be characterised as a manipu-
lation of the surrounding forestland rather than direct 
deforestation impact. Indeed, the savanna is not present 
in the anthracological assemblage of S.U. 1, while the rain-
forest and riverine forest are sustained (Fig. 4). Species 
with anthropogenic signatures are still recorded, though 
in smaller numbers than in the lower level (i.e. the disap-
pearance of Ficus spp. or of the cordyline in the anthraco-
logical record). The landscape represented for this period 
appears far more forested than currently observed. Finally, 
the main riverine taxa (mainly the Casuarinaceae and 
Hibiscus tiliaceus) remain around the site before, during 
and after its occupation (Fig. 4). The current landscape is 
marked by the presence of an extensive niaouli savanna, in 
contrast to the forest canopy that can be reconstituted for 
the 19th century. This contrast raises the question of the 
role played by the contact and colonial periods in the de-
velopment of expanded niaouli savanna on Grande Terre. 
Historical documents suggest factors that appeared during 
the 19th century and that could have been specifically dis-
rupting: first, the introduction of deer and invasive plants 
that prevented the recolonisation of disturbed forest ar-
eas; second, the development of extensive livestock-raising 
which required large-scale fires to create new open range 
areas; third, the multiplication of tribal wars, rebellions 
and military repression, all of which may have been linked 
to large intentional fires to destroy or stop the enemy (see 
Dotte-Sarout 2010).

The last site considered, Komijièn, is part of a precolonial 
archaeological ensemble which was recorded by the IANCP 
in 1992 (Sand and Ouetcho 1993). The site is located on the 
flood plain, at an altitude of 50 m., and the Allée where the 
excavation has been implemented is totally surrounded 
by several hectares of horticultural dry mounds. The area 
is now an open pastoral land. This precolonial occupation 
was set in the lower valley, and on the alluvial plain close 
to the river mouth. In addition to the archaeological ex-
cavation, we extracted three auger cores along a transect 
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on the floodplain, in order to understand its sedimentary 
history. One hundred and twenty taxa were described by 
anthracological identification, including 15 indeterminate 
types, on all three assemblages at the site.

The comparison between the different data gathered allows 
us to reconstruct the history of the landscape in this area 

of the Tiwaka river estuary. We can thus propose that the 
river gradually developed a tortuous course, from an origi-
nal wide mouth occupied by a mangrove and bordered 
by a swamp adjacent to the mountain sides (Dotte-Sarout 
2010: 326–331) (table 1). This transformation is related to 
the appearance of a sandbar that created a second arm of 
the river, demonstrating a much slower incision and faster 

Figure 4. Anthracological diagram, Tiaboue (retaining only selected taxa: most frequent, most ecologically or socio-culturally 
significant)
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deposition rate. The rear of the plain was gradually cov-
ered with deposits of colluvium and alluvium transported 
by the river and adjacent creeks. In the meantime, the sec-
ondary arm seems to have been first occupied by a small 
mangrove relic, which may then have filled more abruptly 
with the deposition of coarser sediments. The floodplain 
was then formed, with the accumulation of silts that cov-
ered the entire area between the edge of the mountains 
and the main river bed. From the dates obtained on the 
upper alluvial level, these phenomena continued up until 
the 15th century cal. AD (table 1). In parallel, palaeoclimatic 
data cited before show that in the early second millennium, 
New Caledonia experienced a sudden change from dry 
conditions towards stronger cyclonic activity and the es-
tablishment of a higher rainfall regime. This context would 
therefore have strongly influenced the dynamics of ero-
sion, sediment transport in the river, and sedimentation 
in the lower valley.

A Kanak precolonial occupation is present on the plain 
from the mid-15th century cal. AD and throughout the 16th 
century cal. AD, as demonstrated by the archaeological re-
mains, ceramic and anthracological data (S.U. 4). It seems 
from our stratigraphic data that this occupation was not 
yet in the form of the current surface settlement and horti-
cultural mounds of Komijièn (Dotte-Sarout 2010: 323–338). 
Similarly, the stratigraphic and spatial analysis shows that 
the main creek that runs west of the Allée, was not yet 
channeled. However, anthracological data reveal the pres-
ence of species having specific symbolic roles in the Kanak 
socio-cultural system, as well as utilitarian and cultivated 
taxa (Fig. 5: for ex. the presence of the tamanu Calophyl-
lum inophyllum, or of the Araucaria traditionally planted 
on habitation sites). At that time, we may assume that the 
alluvial plain was dotted with a few settlement sites, insert-
ed into a loose network of horticultural areas, integrating 
woodlands modified by forest management practices – or, 
typically, arboriculture. The anthracological assemblage 
registers a strong presence of the rainforest, although with 
a relatively complex facies marked by the presence of spe-
cies adapted to open formations (Fig. 5). The mangrove 
and the typical estuarine vegetation mixing halophytic 
and riverine taxa is also strongly represented and varied. 
It is therefore likely that the plain was covered with diverse 
woody vegetation evolving gradually from the riverbanks 
inland, from the mangroves to the rainforest, with small 
pockets of anthropogenic plant communities in between.

In the 17th century cal. AD, all data reviewed show an in-
tensification of human occupation on the plain (see Dotte-
Sarout 2010: 314–362). This may have been associated with 
the arrival of new groups from the Loyalty Islands, as 
recorded in the oral traditions (Bensa and Rivierre 1982, 
1994). These groups could have been related to a large 
social and kinship network with Polynesian affiliations, 
whose importance is demonstrated in the regional ethno-
historical data: the Xetriwaan network, then at the begin-
ning of its expansion in the archipelago (Guiart 1992; Sand 
1995: 203–212). Here, it is interesting to note that several 
indices of different nature are converging to confirm such 

socio-cultural links: traditional places names on the plain, 
specific ceramic characteristics, and anthracological iden-
tification of taxa with Loyalist or Polynesian affiliations 
(see Dotte-Sarout 2010: 314–362 ). This is especially the 
case of Thespesia populnea (the polynesian Miro or Portia 
tree) which is called in the local language ‘the bourrao (Hi-
biscus tiliaceus, ndlr.) from Ouvea’. . At this time, successive 
extensions of horticultural and habitat structures on the 
plain are likely, with progressive channeling of all creeks 
running through it. Indeed, the archaeological remains 
and the anthracological assemblage – recording a suite of 
plants with Kanak socio-cultural value–from the mound 
construction layer show that a Kanak type of occupation 
was in place in the area of Komijièn before the construc-
tion (occuring during the 18th century cal. AD) (table 1). 
While the diversity of the estuary vegetation exploited by 
the inhabitants decreases, forest formations are evolving 
towards more complexity (Fig. 5. S.U. 3). Anthracologi-
cal data record an increasingly open facies even though 
rainfall remained strong (i.e. strong diversity and high 
frequency of photo-xerophilous and/or hybrid sclerophy-
lous/rainforest taxa). The anthracological diagram also 
shows the multiplication of ruderal taxa, (trans-) planted 
or cultivated, probably incorporated into horticultural ar-
eas or gardens attached to the habitat (Fig. 5: ‘plants with 
cultural values’). Finally, the savanna and secondary spe-
cies such as the niaouli or Guio villosa (characteristic of 
forest disruption) are emerging in the vegetation used by 
the inhabitants, signalling the start of a more aggressive 
human impact.

At the end of the 18th century, the stratigraphy and com-
position of the deposit show the occurrence of a fire, sug-
gesting destruction of structures associated with the first 
occupation, followed by a rearrangement of the mound 
which forms the basis for a new occupation (table 1). Once 
again, these observations are consistent with the ethno-
historical evidence, according to which a new lineage set-
tled on the plain just before the begining of colonization 
(Bensa and Rivierre 1994). The evolution of the vegetation 
represented in the anthracological assemblage of this level 
(S.U. 2) follows the trend started with the first occupation: 
the rainforest presents an increasingly open facies, the 
estuary vegetation diversity decreases, and the signature 
for anthropogenic vegetation increases, not only in the 
form of savanna and secondary units, but also as a suite 
of useful trees low in frequency but high in diversity– pos-
sibly representing small arboricultural forest stands (Fig. 5). 
This succession progressively creates the densely occupied 
landscape, yet characterised by a complex and abundant 
vegetation, that was described by the first Europeans visit-
ing the plain in the mid-19th century.

Summary and Discussion

The cross-analysis of previous data available on the Ti-
waka valley (Sand and Ouetcho 1993; Sand 1997; Sand et 
al. 2009) with new archaeological and anthracological evi-
dence from three precolonial Kanak sites, each represent-
ing one of the main ecological and sociocultural zones of 



132

Dotte-Sarout et al. – Of Charcoals and Forests: …Archaeobotanical Investigation of Precolonial Kanak Settlement Sites…

the valley, makes it possible to draw a general synthesis 
for the evolution of the landscape and of the precolonial 
Kanak occupation. According to this dataset, the Kanak 

settlement mode first appears on elevated sites of the deep 
and middle-valley in the late 13th century AD, then around 
the river in the middle and lower valley, and finally on the 

Figure 5: Anthracological diagram, Komijien (with only selected taxa)
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alluvial plain. Even though the number of dated sites is 
clearly too low5 to reach any definitive conclusion about 
the precise timing, it is interesting to note that: (i) such 
a development process correlates with the representa-
tion given in local Kanak myths of origins, where the first 
ancestor of a lineage usually created the first settlement 
mound at the top of a mountain, from which then devel-
oped a network of lineages/settlement sites throughout 
the surrounding landscape; (ii) the site located on top of 
the alluvial sedimentary layers in the river mouth valley 
is the latest to appear – post 15th century AD, a pattern 
also observed on the west coast6, i.e. after the period of 
rapid climatic changes towards cyclonic and wet condi-
tions. This raises the question of the role played by climatic 
events and the possible late formation of these flood plains.

The various data available all confirm the current hypoth-
esis stating that the Kanak precolonial habitat mode, on 
mounds and in the Allée form, associated with a specific 
suite of economic and symbolic woody plants, emerged 
between the late 13th and early 16th centuries cal. AD (see 
Sand et al. 2008). This evolution took place in a changing 
environmental context, with the previously cited climate 
alterations. We suggest that these climate changes are 
responsible for the large-scale erosion observed on hill-
slopes soils, exacerbated by an opening of the forests that 
may be ancient; creating thick alluvial and colluvial de-
posits. Although it is probable that these transformations 
started during the first centuries of human presence, cur-
rent data show an acceleration of the process between the 
very end of the first millennium AD and the 15th century 
AD. The fact that probable development and multiplica-
tion of the irrigated pondfields date to the same period is 
noteworthy (Sand 2002; Sand et al. 2008). Moreover, an-
thracological assemblages that directly predates the first 
Kanak occupations demonstrate very few or no sign of 
deforestation in the Tiwaka.

Between the 16th and 18th century AD, human occupa-
tion seems to intensify and human impact on the vegeta-
tion becomes more aggressive. This is demonstrated by 
two types of plant proxies appearing or increasing both in 
diversity and proportions of the assemblages at this time. 
First, savanna and secondary taxa become more abundant. 
Second, economic and symbolic trees – sometimes consid-
ered as cultivated, are increasingly present. However, the 
rainforest composition of the anthracological assemblages 
remains dominant. We believe that this demonstrates the 
importance of this environment in the Kanak exploita-
tion system of ‘natural’ resources and precise practices of 
management, both of the taxonomical composition and of 
the spatial organisation of forestlands.

5 Total number of dates on Kanak precolonial settlement 
mounds in the valley: 20 from Dotte-Sarout (2010) and 14 
from Sand and Ouetcho (1993), Sand (1997), and Sand et al. 
(2009), related to less than 10 different sites.

6 The only other zone with comparable spatial ocupation data 
is situated on the Vavouto peninsula, on the west coast just 
opposite the Tiwaka valley (Barp, 2006).

Finally, from the end of the 18th century and throughout 
the 19th century, the ancient spatial, social and environ-
mental dynamics change rapidly to adapt to the new con-
ditions imported by the European presence and colonial 
system. Our observations have highlighted the probable 
importance of the contact and early colonial periods in 
the environment transformations, with a need for future 
investigations to focus on this issue.

Palaeoethnobotanical hypotheses produced by our analy-
ses ask for a better consideration of anthropogenic manip-
ulations of the forests, consisting of precisely controlled 
slash-and-burns to create open forests, of transplanting, 
managing or favouring the growth of specific species over 
others, and integrating within the same area intensive 
horticultural structures, fallow zones and various levels 
of arboriculture. Both the taxonomical composition and 
diversity of the anthracological assemblages are typical 
of ‘agroforestry’/ ‘forest management’/ ‘arbo-horticultur-
al’ practices, or again ‘domesticated forest’, all relating to 
a forest-based agricultural system, easy to overlook but 
certainly central to subsistence systems in the tropics (see 
discussion and definitions in Michon 2005; Denham et 
al. 2007; Barton et al. 2012; Kennedy 2012). Such a model of 
forest management requires consideration of two impor-
tant postulates of New Caledonia and Oceania archaeol-
ogy: (i) the forms and effects of the human impact over 
the islands vegetation – especially the possible late inten-
sification and non-linear history of deforestation; (ii) the 
management practices of forest resources and the exist-
ence of arboriculture in New Caledonia, in relation with 
the region’s prehistory.

Anthracological results obtained on the Tiwaka do not 
demonstrate a large scale deforestation preceding the 
emergence of the Kanak complex, usually associated with 
an itinerant slash-and-burn horticulture having become 
unsustainable. On the contrary, they are consistent with 
the regional corpus of ethnobotanical and archaeobotani-
cal data emphasizing the importance of forest domestica-
tion and complex interactions between horticulture and 
arboriculture in Oceania, more specifically in the Western 
Pacific area. Finally, they tend to show that human im-
pact over the vegetation could have known a significant 
increase after the establishment of the Kanak socio-eco-
nomic system and the demographic rise of the second half 
of the second millenium AD. Several general points and 
more hypothetical considerations on the regional prehis-
tory arise from these perspectives7.

For instance, we think the implications of our study pro-
vides a further demonstration of the main role played 
by traditions of ‘forest gardening’ originating in the pre-
Austronesian Indo-Pacific sphere of interaction (i.e. PNG/
Near Oceania/island South East Asia) in the horticultur-
al package of the first people entering Remote Oceania 
as part of the Lapita complex (Barrau 1962; Leach 1999; 
Latinis 2000; Denham 2004; Blench 2005; Denham and 

7 Detailed discussion in Dotte-Sarout (2010: 388–406). 
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Donohue 2009; Donohue and Denham 2010; Kennedy 
2012). Moreover, the complexity of evidence relative to 
the origin, diffusion and manipulation/domestication of 
plants and horticultural techniques in the Indo-Pacific 
region, is best understood if we envisage the continuation 
of long-distance voyages during the last two millennium 
of prehistory (Dotte et al. 2010b). In particular, the present 
archaeobotanical evidence for forest management and late 
intensified human impact on the vegetation makes more 
sense if we reconsider the history of the Kanak precolonial 
intensive horticultural system: maybe we should envisage 
its origin as the meeting between two separate historical 
trajectories for the dry and wet cultivation structures. In-
deed, the drained mound structures could have evolved 
locally from horticultural traditions associated with arbo-
riculture/agroforestry and known in Papua-New-Guinea 
from the early Holocene (Denham 2005), then transmitted 
during the Lapita voyages.

In the meantime, we might need to investigate further the 
history of the development of pondfields irrigation tech-
niques at the Indo-Pacific scale to understand what’s hap-
pening in New Caledonia, with two main issues at stake. 
First, we suggest, from our results, that these extensive 
structures would have induced an increased aggressive 
impact on forest vegetation: they request large areas of hill 
slopes to be completely deforested for long-lasting peri-
ods and are chronologically, as well as socially, associated 
to demographic rise and agricultural intensification (see 
Spriggs 1990; and Sand et al. 2008). Second, their appar-
ently late development and addition to the forest manage-
ment-based horticultural system presented here is better 
understood if regarded as part of the large-scale regional 
dynamics taking place during the last 1500 years of Indo-
Pacific prehistory. Indeed, we think it could be produc-
tive to explore the role of exchanges and contacts in the 
development of pondfields irrigation techniques, during 
this period characterised by intensive maritime voyages 
throughout South-East Asia, Micronesia, Polynesia, and 
even towards Madagascar (see Smith 2004; Addison 2008; 
Addison and Matisoo-Smith 2010; Blench 2010; Fuller et 
al. 2011). This does not imply that wet cultivation practices 
and crops were not part of the initial horticultural pack-
age in New Caledonia, but that irrigation techniques and 
pondfields construction for intensive cultivation could 
have been developed locally as part of a large regional 
scale process.

Conclusion

From the Tiwaka valley to the Grande Terre and the Indo-
Pacific region, there can be many implications from an ar-
chaeobotanical study considered within its archaeological 
and environmental context. In addition to the history of 
landscape evolutions and precolonial settlement patterns 
in the Tiwaka, our results demonstrated three main points 
for New Caledonia archaeology. The first is the need to 
consider the influence of past climate changes on the land-
scape’s evolution, when interpreting palaeoenvironmental 
datasets over the last 1000–1500 years. The second point is 

the existence of practices of forest domestication, through 
manipulation of forestlands’ spatial patterns and taxonom-
ical composition, linked with the long history of horticul-
tural/arboricultural systems in the Pacific. The third point 
is the possibility that human impact on the vegetation was 
kept relatively low or decreased following initial shock af-
ter human arrival, due to the pre-cited practices of forest 
management and forest-based horticulture; but rapidly in-
creased during the precolonial Kanak period. This is actu-
ally coherent with palynological records from the extreme 
south and north of Grande Terre, showing quite a complex 
image of the vegetation evolution after human settlement 
of the island, with alternate rises and falls in the presence 
of savanna taxa (Sémah 1998; Hope et al. 1999; Stevenson 
2004). These new perspectives pushed us to evoke more 
general and regional hypotheses referring to alternative 
models of Pacific prehistory, clearly exceeding the scope 
of this paper, but which provide a constructive framework 
to understand the archaeobotanical dataset produced by 
our study.

Finally, the consistency of the anthracological results and 
their productive association with the archaeological data 
firmly demonstrate the relevance of archaeobotanical re-
search in Oceania. In particular, it should be noted that 
the relative invisibility of rainforest in pollen diagrams, 
contrary to our anthracological records, proves that mul-
ti-proxy palaeobotanical dataset are a necessity to inter-
pret environmental histories. Locally, as well as regionally, 
there is a need for the accumulation of solid and large sets 
of archaeobotanical data on which to base interpretative 
discourses on the prehistory of human/vegetation interac-
tions. There is also a need for interdisciplinary approaches, 
not simply juxtaposing but integrating palaeoenvironmen-
tal facts with archaeological evidence and sociocultural 
interpretations.
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Diversity and Networked Interdependence in 
the Western Solomons

Peter Sheppard1 & Richard Walter2

Introduction

The Solomon Islands, like most of Island Melanesia, is a re-
gion of high levels of linguistic and cultural diversity. This 
diversity extends to the subsistence economies and food-
ways or preferences of the people of the region. Despite 
sharing the plants and animals which form the basis of the 
subsistence economy, there is, as Douglas Yen noted some 
time ago (Yen 1973; 1976), considerable variation across 
the Solomons in the emphasis placed on different species. 
In the far eastern Temotu province arboriculture is very 
important and we find such novel practises as the use of 
dried breadfruit. While in the Western Solomons irrigated 
taro has assumed some importance into the 20th century 
but is unknown from the central and eastern Solomons. 
There is evidence to suggest in some areas that the late 
historic pattern differs from the prehistoric pattern. In the 
central Solomons the early Spanish explorers reported in 
the 16th century what seems to have been very intensive 
irrigated horticulture in conjunction with large popula-
tions a few kilometres inland in the foothills of north cen-
tral Guadalcanal probably near modern Honiara (Amherst 
and Thomson 1901: 306; Yen 1973). David Roe (1993) has 
mapped prehistoric pond field irrigation systems on the 
western tip of Guadalcanal but it should be noted that he 
recorded none in his area of intensive field survey west of 
Honiara. Despite some probable historical variation in the 
pattern of subsistence economies it seems very likely that 
the picture seen in the early 20th century represents in 
large measure the long-term pattern. This leaves the ques-
tion of why such variation exists, why don’t we see homo-
geneity in such basic cultural patterns across the region or 
for that matter why don’t we see a wide-spread pattern of 
developing intensification similar to that seen over much 
of Remote Oceania? As suggested by Yen the explanation 
does not appear to lie simply with variation in ‘ecological 
control of systems development’ (Yen 1976: 71). This paper 
looks at the evidence from the Western Solomons where 
it has been suggested (Bayliss-Smith et al. 2003; Hviding 

1 Department of Anthropology, University of Auckland 10 Sy-
monds Street, Auckland.

2 Department of Anthropology and Archaeology, University of 
Otago, PO Box 56 Dunedin.

and Bayliss-Smith 2000) intensive irrigated taro agricul-
ture was widespread, although very recent publication by 
the same authors appears to moderate their earlier stance 
(Bayliss-Smith and Hviding 2012). Our work indicates 
that although irrigated taro production was important 
in some specific and well known areas in the region it is 
not common elsewhere and the region is as diverse as the 
rest of the Solomons. The pattern of horticultural pro-
duction and exchange we see in the Western Solomons 
contrasts with the usual model of intensification which is 
seen to underwrite population growth and the emergence 
of political complexity elsewhere in Oceania (Brookfield 
1984). Instead, we argue that socio-political, ritual and de-
mographic transformations and growth was supported 
by a model of diversity and networked-interdependence 
whereby foodstuffs (especially taro) was exchanged 
through regional economic and trading networks for other 
manufactured goods as part of systems of commodity ex-
change (Aswani and Sheppard 2003). There is no need for 
evidence of horticultural intensification in close proximity 
to Roviana Lagoon in order to understand the growth of 
the Roviana Chiefdom and its increasingly complex ritual 
practises and expansive warfare.

Western Solomon Island Subsistence

In the 19th and early 20th century taro horticulture pro-
vided the foundation of subsistence in the Western Solo-
mons as it did elsewhere in the Solomons and throughout 
most of Melanesia. Today its position has been replaced by 
sweet potato as yields from taro fell dramatically during 
the first half of the 20th century as the result of disease 
(Ballard et al. 2005). Although sweet potato did not have 
the cultural importance of taro (Ross 1977a) it was less 
labour intensive and more suited to coastal zones which 
often had soils poorly suited to taro. There is some debate 
over the exact timing of the introduction of sweet potato 
into the Western Solomons as the very early trader An-
drew Cheyne reported it from 1844 at Simbo which was an 
early port of call for whalers and traders in the Solomons:

The soil of Eddystone [Simbo] is either very indifferent, 
or the natives pay little attention to its cultivation, as 
its vegetable productions are of a very inferior quality. 



139

 University of otago stUdies in archaeology · no. 25

The cultivated plants and trees are cocoa-nut, bread-
fruit, bananas, sugar-cane, betel-nut and sweet potatoes. 
The latter is largely cultivated, but they seldom grow to 
any size, and are of a very indifferent quality (Cheyne 
1852: 63).

The brig surrounded with canoes [at New Georgia] 
having cocoa-nuts, bananas, bread fruit, and tortoise 
shell for sale. Having no tomahawks, we procured a 
very small quantity of the latter; but cocoa-nuts, ba-
nanas and breadfuit were obtained in abundance; also 
a few yams and sweet potatoes (Shineberg 1971: 306).

Hviding and Bayliss-Smith (2000: 123) have argued that 
Cheyne’s observation was accurate as he had detailed ex-
perience of the root crops of the Pacific1 and they note that 
this observation was repeated by Somerville (1897: 370) for 
Marovo at the eastern end of New Georgia and is in ac-
cord with Marovo oral tradition. Introduction into Simbo 
by whalers is certainly probable. It is mentioned in the list 
of foods described by Hocart (MS-b) in 1908 from Simbo 
as a very minor crop (panakai), while the most common 
root crop was sweet yam (Dioscorea aculeata [esculenta?]
or in Simbo ndikindiki), and Hocart noted that the yam 
was often referred to as panakai when speaking to white 
men. This terminology may have led to Cheyne’s earlier 
confusion; yet, he seems to have distinguished yams and 
sweet potatoes. In his Roviana dictionary Waterhouse 
(1949) defines dikidiki as a variety of potato and synony-
mous with pana which he defines as ‘a sweet yam probably 
discorea aculeata’. Hocart makes no reference to panakai 
being important in Roviana. Simbo was considered by 
Hocart’s informants to be unsuitable for taro and much 
of it was imported, however Hviding and Bayliss-Smith 
note (2000: 124) that taro remained the most important 
food crop in New Georgia into the mid 20th century. 
Therefore, although the introduction of sweet potato into 
the New Guinea Highlands seems to have created an 
Ipomoean revolution in agriculture as early as 1600 AD 
(Golson 1990), the introduction into Roviana of what are 
commonly referred to throughout the western Solomons 
as ‘ship potatoes’ (luzu vaka) does not appear, on current 
evidence, to have had a significant effect until after the 
Second World War, well after its introduction and promo-
tion by missionaries who included Polynesians from West 
Polynesia (See also Ross 1977b for Malaita). Growing sweet 
potato near coastal mission stations and along the coast 
to which people from the taro growing interior moved in 
the early 20th century would have made agronomic sense, 
especially given the much reduced populations after the 

1  During his stay on the Ile des Pins in Vanuatu during 1841 
he observed and made a detailed report on the horticulture 
noting that the sweet potatoes were planted between the rows 
of yams. “The Sweet Potatoes are planted in the Yam grounds 

–and grow to a fair size- they form a very agreeable item of Diet 
and when cooked- the skin is hard and peels off like the bark 
of a tree- there is no particular season for planting the taro for 
when it is ripe- the Top is cut off and immediately replanted” 
(Shineberg 1971: 49). 

impact of European diseases at the end of the 19th century.

Unfortunately we have little direct information on sub-
sistence in the Western Solomons at the start of the 20th 
century and especially little on taro cultivation. It seems 
probable that most taro production was of the swidden 
dry-land form which is well described for the Siwai of 
south Bougainville by Douglas Oliver (1955) who conduct-
ed his detailed fieldwork starting in 1938. At that time taro 
made up 80% by weight of all food eaten and sweet pota-
toes had only recently been introduced, as indicated by its 
local name petieta, possibly from the Shortland Islands. Al-
though older people expressed contempt for sweet potato 
Oliver noted it had several advantages as it grew on ‘sandy 
soil unsuited to taro’ and required little care after planting 
and produced a higher yield per area (Oliver 1955: 22–27). 
Taro cultivation required considerable amounts of land 
with each family requiring a plot ‘100 yards wide and ¼ 
mile long’ (Oliver 1955: 24) with a swidden cycle averag-
ing 6 years. This resulted in a dispersed settlement pattern 
with hamlets and individual households scattered along 
ridges and separated by garden areas. Although the Siuai 
consumed a variety of other plant foods including yams, 
bananas, breadfruit and small amounts of sago, Oliver 
(1955: 28) notes the special place in Siuai life held by the 
canarium almond. As it was an indispensable element in 
most special feast delicacies where the mashed nut was 
added to taro or sago puddings, most feasts were held after 
the nut season (July-August) although smoked nuts could 
last a year or more.

The only early description of taro field systems in the New 
Georgia Group is the report by the British Naval Lieuten-
ant B.T. Somerville who spent 8 months in Marovo La-
goon in 1893–94 while mapping the New Georgia Group 
on HMS Penguin. Somerville (1897) did not report any 
pond field irrigation however he did make excursions into 
the interior where he noted considerable populations and 
he reported on swidden cultivation of taro:

Patches are cleared in the bush by axe and fire, and after 
a very short period of use (one or two crops) are al-
lowed to lie fallow; when , in a remarkably brief time, 
they become more densely bushed than the surround-
ing untouched forest, and are thus easily recognized 
when passing through it. The plants are neatly spaced 
in drill lines, and the small pits, necessary for the full 
growth of taro, are dug around each plant when it has 
got to a certain size. I have seen patches as much as 
two or three acres thus under cultivation. There are no 
native implements except a pointed stick (Somerville 
1897: 402).

Hviding and Bayliss-Smith (2000: 31) argue that the signif-
icant areas of swidden seen by Somerville may have been 
the result of the use of metal axes introduced in the 19th 
century and not characteristic of the period prior to that. 
Although the amount of labour required to clear primary 
forest with stone axes and fire may have been greater, and 
in our opinion the utility of stone axes and adzes based on 
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New Zealand experiments is greatly underestimated – it 
is certain that throughout the Pacific large areas of pri-
mary forest was cleared for food production prior to the 
introduction of steel axes. It should also be noted that Oli-
ver (1955: 22) reports the importance of not letting fallow 
grow back beyond secondary growth in order to reduce 
the labour needed in clearance. Once primary forest was 
cleared, probably through ring-barking and burning in a 
gradual process lasting many years, the secondary forest 
was managed as swidden. The result of this was the crea-
tion of large areas of secondary forest. The extent of this 
disturbance can be mapped using the distribution of the 
large light-demanding Campnosperma tree which Whit-
more (1969) notes as being indicative of areas where the 
primary canopy has been heavily disturbed by cultivation. 
Using the maps of New Georgia forest types (Wall and 
Hansell 1975) Hviding and Bayliss-Smith have observed 
considerable areas of disturbed forest in east New Georgia, 
Gatokae and Vugunu, much of it in hill forest (2000: 138; 
Bayliss-Smith et al. 2003). They suggest perhaps 10% or 
possibly25% of this area was under pond fields although 
in fact there is no simple relationship between the botani-
cal evidence and the distribution of irrigated field systems 
known as ruta in the New Georgia Group. Much of this 
disturbed forest is most probably associated with dry land 
swidden or forest disturbed by cyclones or major land 
slips created by seismic activity. During our archaeological 
survey of Vella Lavella we observed large areas of recent 
slip on steep slopes.

Although it seems reasonable to use the Siuai as a basic 
model for Solomons horticulture it should be seen as 
a theme upon which variants are played depending in 
part on local variation in the physical environment. As 
reported by Cheyne and other early traders some areas 
of the western Solomons had poor or depleted soils such 
as on the small islands of Simbo or the thin coastal soils 
on limestone which are characteristic of the coastal flats 
fringing many islands of the region. In those coastal areas 
yams were perhaps the dominant crop while taro had to be 
grown inland or procured at a distance with sweet potato 
becoming important along the coast in the 20th century. 
It should, however, be noted that some rich dark soils are 
associated with the interiors of barrier islands in Roviana 
Lagoon and these may be equivalent to the rich puava toba 
or perhaps the puava chinoko soils reported by Hviding 
and Bayliss-Smith from Marovo Lagoon (2000: 109).

When the early anthropologist Maurice Hocart conducted 
research in the Western Solomons in 1908-with a focus on 
Simbo and to a lesser extent on Roviana and Vella Lavella- 
taro was the prestigious root crop. Waterhouse (1949: 83) 
has recorded 18 names for taro in his Roviana dictionary, 
indicating its importance, with one -talo ruta–grown in 
fresh water irrigation systems (ruta) or swamps. But nei-
ther Simbo nor Roviana were reported as a good producer:

Roviana is the manufacturing district: they have few 
nuts and taro and have to purchase them in more fa-
voured districts; Mandegusu [Simbo] is dependent on 

it [Roviana] for rings and so forth (Hocart MS-d: 6).

They [Simbo] go not unfrequently to Vella Lavella for 
taro; in fact every big feast in Mandegusu [Simbo] 
means an expedition to the two islands to the north 
[Rannonga and Vella Lavella]. Nuts are also an im-
portant article, and there are also pigs and horse taro 
(Hocart MS-d: 6).

Nduke [Kolombangara] seems to be a great place for 
taro, but the only intercourse with that island during 
our stay was Rondi’s expedition to get taro for Muke’s 
Night Festival (taviti mbongi) (Hocart MS-d: 6).

The island [Simbo] is deficient in taro and bananas 
are a staple food with them; in Roviana they were re-
proached with being banana eaters, with a covert al-
lusion no doubt to their dissolute habits.The second 
staple food is the sweet yam (Dioscorea aculata) …. 
They are the only abundant vegetable in Mandegusu 
that keeps well and long and so must be valuable, al-
though it does not appear to be imported or exported… 
(Hocart MS-b: 1).

We have little early information on food production in 
Vella Lavella but the Simbo data suggests it was a signifi-
cant producer. This is however contradicted by the cul-
tural geographer John McKinnon (1972) who spent a year 
conducting fieldwork at Maravari in eastern Vella Lavella. 
Despite an interest in land tenure and interior village sites 
McKinnon did not report any taro irrigation systems 
inland of Maravari and he noted that: ‘Other than nene 
[canarium] Bilua men do not claim to have produced re-
markable quantities of any crop that may have enabled 
them to gain a special indigenous trading position’ (Mc-
Kinnon 1972: 79). In 1964 Masashi Chikamori conduct-
ed archaeological and anthropological research in Vella 
Lavella which involved survey of 3–5 km into the interior 
behind Paramata village in the southwest section of the 
island, an area which would have been visited by traders 
from Simbo. At Parramatta they recorded eight varieties 
of ‘dry taro’, kirikiri, goliti, ruta, voraikana, midizaru, bokue, 
kapopuso and pinapina which was distinguished from two 
types of ‘wet taro’ lutu and wopa (Chikamori 1967: 17). As 
ruta is the common name of small wet taro field systems 
in Austronesian languages of New Georgia, and the name 
of a taro associated with fresh water in Roviana its record-
ing here as a dry taro may be a mistake. Although Chika-
mori did record a ruta system in Kusaghe in north New 
Georgia, he did not report seeing any irrigation systems 
during his time on Vella however it seems probable that 
some taro was grown there in swamps or fresh water. In 
1964 Chikamori reported that the coastal people of Par-
ramatta ate taro, yam, manioc, sweet potato, with sweet 
potato dominant and the most important subsidiary fruit 
crop being canarium nuts (manbanene and pati).

Taro Irrigation in the New Georgia Group

Despite Roviana being a focus of trading and then mis-
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sion activity in the Western Solomons from 1860 on there 
are no historic reports of taro irrigation systems, nor were 
such systems reported for Vella Lavella. There have how-
ever been published reports of intensive taro production 
in irrigation systems from North New Georgia (Kusaghe) 
(Chikamori 1967; Tedder and Barrus 1976) and Kolom-
bangara (Yen 1976) after WWII (Fig. 1). The extent to 
which the presence of these systems was well known in 
the Western Solomons prior to their publication is hard 
to judge – although it seems probable that their ‘discov-
ery’ was founded on common knowledge in the region. 
Rivers (1926: 269,283) reports that Hocart noted extensive 
irrigation on Kolombangara , after his early fieldwork in 
Roviana, while other correspondents reported none from 
Santa Isabel or Guadalcanal. Chikamori (1967) reports that 
he was informed of the taro irrigation systems on North 
New Georgia by an agricultural officer based at Ghizo dur-
ing his 1964 fieldwork and Brookfield and Hart (1971: 118) 
similarly comment that the north New Georgia systems 
had recently been visited by agricultural officers and that 
forestry operations on Kolombangara were uncovering 
terrace systems. Certainly today many people know of 
the existence of these systems and we were told in Vella 
Lavella, after inquiring among elders (both in south and 
north Vella Lavella) about the presence of ruta that they 
didn’t exist there but if we wished to see them we should 
go to North New Georgia or Kolombangara which were 
famous for their taro production. One of our initial goals 

in Vella Lavella was to look for taro irrigation as the high 
volcanic island with its many streams and rivers seemed 
ideal. Despite considerable archaeological survey (Fig. 2) 
along the river systems and ridges in southeastern (Mara-
vari area) and northern Vella (Irigila area) we did not find 
any irrigation works. We did see small patches of taro in 
coastal fresh water swamps but no water management sys-
tems. We conclude that dry swidden taro was the predomi-
nant form of production in the region, although this does 
not preclude the presence of some small scale irrigation 
systems.

In Roviana our research was conducted over a consider-
able number of years (1996–2006) and involved study of 
both coastal and interior areas of Roviana lagoon which 
included surveys by boat up the larger rivers and detailed 
interviewing of chiefs and elders, conducted in part by a 
social anthropologist (Shankar Aswani) fluent in Rovi-
ana. The area of New Georgia back of Roviana Lagoon 
would appear to be well suited to the development of 
taro irrigation systems. There are over 15 large rivers and 
streams running from the inland hills down onto the nar-
row coastal flat along the lagoon and many of these are 
navigable by boat for many kilometres inland. Despite this 
intensive research, in what seemed ideal terrain, we only 
recorded one small scale irrigation scheme (ruta) (Fig. 3) 
inland of the coastal village of Mbule Lavata on a tributary 
of the river by the same name. Today this system is aban-

Figure 1. Western Solomons showing localities mentioned.
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Figure 2. Archaeological survey regions in Vella Lavella.

Figure 3. Recorded ruta inland from Mbulelavata in Roviana.

doned but a small natural (?) taro swamp (Fig. 4) can be 
seen beside the village and river just back of the coast. It is 
certainly true that most Roviana people would not know 
of the presence or at least the exact location of inland 

small scale systems as few people other than hunters are 
familiar with the interior bush; however we find it highly 
unlikely that any extensive systems would go un-reported 
or discovered by our research. Since our research conclud-
ed in 2006 we know of only one more small ruta which 
has been reported by a Japanese anthropologist working 
in the eastern end of the lagoon (Takuya Nagaoka pers 
com. 2011). We suggest, as reported by Hocart, that Rovi-
ana was primarily supplied with taro through trade with 
neighbours such as those located in north New Georgia 
or Kolombangara where intensive taro production was 
practised.

Twenty kilometres east of Roviana Lagoon, along the 
south shore of New Georgia lies Viru Harbour where 
Miller (1979: 117, Figure 8.11) has reported locating dur-
ing the National Site Survey a small ruta system along the 
banks of the Tita River. His informant in Viru reported 
that taro terraces were common in the headwaters of the 
streams flowing into the harbour and that the last of them 
had gone out of use in 1929, although he noted systems in 
Gatokae where he had worked were used until much later. 
He also commented that ‘…wet taro was always secondary 
to dry taro in this area [Viru].’ (Miller 1979: 117).

Further east in the New Georgia Group Hviding and Bay-
liss-Smith (2000) report considerable oral tradition in 
the Marovo Lagoon relating to the presence of large scale 
ruta (See also recent detailed discussion in Bayliss-Smith 
and Hviding 2012). Significant ruta are said to exist along 
the Piongo Lavata river, which abuts a smaller volcanic 
dome of the same age as Mt Vinarori, in the interior of 
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the Vahole area of southeastern New Georgia and in the 
crater region of the interior of Vangunu island. None of 
these systems have been visited or mapped by Hviding 
and Bayliss-Smith, however, the extent of the traditional 
knowledge associated with these systems suggests a situ-
ation like that for north New Georgia where the presence 
of ruta appears to be common knowledge in the west of 
the New Georgia Group. The Piongo-Lavata river has an 
extensive zone of forest of the types ( categories Flm, Fld) 
which Bayliss-Smith, Hviding and Whitmore (2003: 348) 
see as indicative of disturbed forest where irrigation sys-
tems may be present. These extend inland along the river 
for 15 km with a width of up to 1 km. Further west along 
Marovo lagoon there are other large areas of disturbed for-
est along the Tomoko river and its tributaries (3 km by 3 
km triangle) and the Niva river where it extends along the 
river 8 km inland. To the east of New Georgia on Gatokae 
island Graham Baines has recorded (Hviding and Bayliss-
Smith 2000: 132) an irrigation system measuring approxi-
mately 90 m by 30 m in the Vao area and it seems probable 
that the systems on Vungunu and along the Piongo Lavata 
river on the northeast coast of New Georgia are similar.

It is perhaps significant that the Simbo people did not 
report obtaining any taro from the islands of Rendova 
or Tetepare which are located 80 kilometres to the west. 
Trade perhaps followed the coastal route north along Ran-

nonga, across to Ghizo and Vonavona Lagoon to Roviana 
rather than directly east across the ocean to Rendova and 
Roviana, however, it may have been simply because Ren-
dova and Tetepare did not provide sufficient surplus. Tim 
Thomas (2009) does not report any ruta from either island 
despite considerable years of field survey in both loca-
tions, although he has been told of a possible small walled 
system in Lokuru on Rendova and notes the presence 
of small stands of wet taro around lakes on that island 
(Thomas, pers comm. 2012). However, despite Tetepare be-
ing abandoned in the 19th century, Edward Hviding has 
collected oral tradition in Marovo which indicates taro 
irrigation was practiced on that island, although its limited 
elevation and small number of streams might limit its suit-
ability for large scale irrigation. The high volcanic island of 
Rendova with its many streams would appear to be admi-
rably suited to taro irrigation, however, to our knowledge 
and despite our own limited fieldwork in 1999 on south 
Rendova, we have no first-hand accounts of such systems, 
although Yen (1976: 69) mentions oral histories, apparently 
collected on Kolombangara, stating that captives from that 
island introduced pond-field systems to Rendova.

West New Georgia Taro Irrigation

The largest recorded irrigation system in New Georgia 
and in fact the largest recorded in the Solomon Islands is 
that mapped and described by Margaret Tedder and Susan 
Barrus (Tedder 1976) from the Kusaghe language area in 
north New Georgia. There in the head waters of the Mase 
river which rises in a large crater which forms one of the 
major volcanic masses (Mount Vinarori) of New Geor-
gia they describe an area of some 24 square kilometers 
within which irrigated taro terracing is found. These in-
clude extensive systems along the Mase river and its major 
tributaries as well as less extensive systems on the smaller 
streams. These include significant stone faced terracing 
and channel construction:

The most extensive series of terraces lay on the tribu-
tary Tongere. After descending fifteen minutes from 
the village site [ old village], we came to the first ter-
races. A channel seventy-five metres wide, faced by 
rocks one metre high, led water in from a side stream 
which today flows approximately three metres below 
the channel. On the east bank of the Tongere the ter-
races continued unbroken to the Mase for approxi-
mately four hundred metres. Depending on the lie of 
the ground, they varied from eight to thirteen across, 
with terrace walls of up to 2.5 metres high occurring 
every three to twenty metres (Tedder 1976: 46).

In total Tedder sighted approximately 100 hectares of taro 
terracing and estimates the region contained at least 200 
hectares. It would seem probable that this forms just part 
of a much bigger zone of irrigation composed of systems 
on the many rivers which run down from Mt Vinarori/Mt 
Mase. Just eight kilometers to the east of the Mase River 
Chickamori (1967) visited and described a system on what 
he called the Lupa River (possibly the Hepa or Natarak-

Figure 4. John Dodson coring at a swamp beside the Mbule-
lavata river adjacent to the coastal village.
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isi river) that runs inland to Mt Vinarori from Visuvisu 
Point which forms the northern most point of New Geor-
gia. Five hours inland from the coast he reports a system 
formed within the confluence of two streams which meas-
ured 78 m long and 26 wide on the downstream base line 
and containing 12 irrigated terraces. The extinct volcano 
of Mt Vinarori/Mt Mase would appear to be an ideal area 
for the creation of gravity fed irrigation systems. There are 
a total of 17 named rivers running down to the north coast 
on the 1: 250,000 Geological Map sheet for New Georgia 
and many un-named rivers. On the southern side of this 
mass, where there is a significant change in geology, rivers 
are fewer and do not break through the crater rim to run 
south to Roviana Lagoon.

Although this Kusaghe region has the largest area of 
mapped irrigation systems, if we follow the method of 
Bayliss-Smith, Hviding and Whitmore (2003) and use for-
est types as an indicator it has very little area of the types 
considered indicative of taro irrigation systems. Looking 
at the Mase river where Tedder has mapped systems we 
can only find, on the map of Wall and Hansell (1975), a 
small area (3 km by 500 m) along the river within the cen-
tral crater of disturbed forest (Flm) and a few small patch-
es of stands of Terminalia brassii which is also indicative of 
disturbance along tributaries within the crater. Nowhere in 
western New Georgia do we find areas of disturbed forest 
like that seen along many rivers in eastern New Georgia.

In many respects Mt Vinaroni is identical in terms of form, 
geology and the abundance of rivers on steep slopes with 
its immediate neighbor to the west across the Kula Gulf, 
the high volcanic island of Kolombangara. Kolombangara 
is a large almost circular basaltic volcano 30 km across 
and reaching a height of 1770 m. Its name translates as 
‘water chief ’ which reflects the very large number of riv-
ers which flow down its steep flanks. To our knowledge, 
none of the taro irrigation systems on the island have been 
mapped although they have been known for some time. 
Yen (1976) states local tradition reports that taro irrigation 
was invented in the interior of the island where the popu-
lation was formerly concentrated, probably sheltering in 
part from head-hunting raids by Roviana to the east and 
Vella Lavella to the west. This raiding dates from at least 
1600 AD based on our Roviana research. Tradition also 
relates that irrigation systems in West New Georgia were 
introduced there by captives taken from Kolombangara 
by Roviana raiders.

Yen (1976: 69) surveyed a small area inland along the 
Ndughore and Papele (Pepele) rivers back of Ghatere, Iri-
ri and Papele villages on the southwest coast. There they 
found that the natural riverine terraces were often divided 
into series of pond fields 1 or 2 hours walk inland along the 
rivers and beyond the modern gardens. Tributary streams 
were also modified but as the slope increased the scale of 
the systems was reduced. Yen (1976: 69–70) reports three 
types of system based on mode of water transport. ‘(i) 
Pond fields with walls across the natural water flow, al-
lowing for a slowing of the flow in a step-like manner, (ii) 

Irrigation of walled fields in natural terrace formations 
from natural flows or streams of spasmodic flow, without 
provision for artificial channeling of water, (iii) The chan-
neling of water from streams or rivers into walled systems. 
These are often branched so that two or more subsystems 
may be independently irrigated.’ Miller (1979: 150) provides 
a description of a small (98 plants) operating system along 
the edge of a small stream at the village of Hunda.

Taro production and the Roviana Chiefly 
Polity

In the 19th century the western end of Roviana Lagoon 
was perhaps the most densely populated region in the 
Western Solomons. Powerful chiefly families of the ban-
gara class managed large aggregated villages of common-
ers and slaves/captives along the shores of Roviana Lagoon 
focused on what is today the town of Munda and on the 
fortified barrier island of Nusa Roviana. We do not have 
any exact population figures for the late 19th century but a 
series of hamlets were distributed along the Munda shore 
for a distance of up to 4 km while a number of villages 
were located at passages between barrier islands along the 
lagoon to the east. Nusa Roviana itself was dominated by a 
large hillfort of over 700 m in length and the flats around 
the ridge were densely settled by a series of named ham-
lets recorded by Hocart. The remains of these settlements 
are seen today as a continuous distribution of stone fea-
tures, including platforms, terraces, shrines and wharves 
which stretch along the shore for 3.5 km. In total we have 
recorded 740 discrete stone features on the coastal flats, 
many others were doubtless destroyed in WWII. The dense 
coastal settlements in Roviana contrast sharply with our 
experience in Vella Lavella where people lived inland in 
the 19th century in small dispersed hamlets or households.

Roviana chiefs (bangara) made manifest their efficacy or 
mana through underwriting successful head hunting raids 
throughout the New Georgia Group and beyond. This of-
ten involved many hundreds of warriors and fleets of large 
30 man war canoes. Providing the economic basis for the 
head-hunting complex and the associated ancestor cult 
involved both supply of food distributed in feasts, as well 
as shell valuables which were used in exchanges of com-
modities, including food. Although we have little direct 
commentary on the scale of feasts in 19th century Roviana 
Hocart reports the following which illustrates the role of 
chiefs in providing feasts in Simbo:

Ask a native what the functions of a chief may be, be 
sure he will answer; ‘He make him big fellow kaikai’ or 
rather he used to: now they merely hold small feasts. 
The reason is the power of making big feasts implies all 
other attributes of chieftainship: it implies funeral cer-
emonies, new skull houses, new canoes, new common 
houses (paile), head hunting (Hocart MS-a).

As discussed above our research shows that there is no 
basis for suggesting that the density of settlement in Ro-
viana or the power of the Roviana chiefdom was based 
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on local intensification of taro production using irriga-
tion. Instead food and other manufactured items were ob-
tained through trade with neighbours using shell valuables 
known generically as poata (Aswani and Sheppard 2003). 
Some of the nature of this exchange system can be seen in 
the following quote.

The price of a pig [on Simbo] ranges from four to six 
poata according to the size. A small one may be bought 
on the credit system thus: Mia got a small pig from 
Kundakolo, fattened it and sold it for five poata of 
which he handed over two to Kundakalo. Mandegusu 
supplies Roviana with pigs; for it has more and of a 
different breed; presumably the Mandegusu breed is 
pure native, for in Roviana they are all crossed with 
European breeds. A boat came in November from 
Roviana to buy pigs and nuts (Hocart MS-c).

As noted above, Hocart reports that the people of Simbo 
were dependent on Roviana for shell valuables and other 
manufactured items. Most high value shell valuables were 
made from fossil tridacna shell which was commonly 
found in the raised coralline limestone of the Roviana 
barrier islands (Aswani and Sheppard 2003). Although 
similar limestones are found fringing most islands of the 
New Georgia Group it appears that Roviana was espe-
cially favoured with this resource. In addition although 
headhunting required the taking of heads it also involved 
the capture of many people (McDougall 2000) who were 
returned to Roviana where their labour could be used by 
chiefs. It seems probable that chiefs employed slaves in 
the manufacture of shell valuables and other trade items.

As described in detail by Aswani and Sheppard (2003) the 
shell valuables of Roviana, which formed part of a com-
plex which extended throughout the western Solomons, 
comprised both a medium rich in symbolism and history 
and often considered to have its own form of efficacy as 
well as an exchange medium which allowed commoditi-
zation and trade. Therefore like the coin which was used 
to operate the parking meter mechanism, shell valuables 
both made things work (e.g magical charms) and paid for 
purchase. This common system facilitated the function-
ing of a large trade network which joined together all the 
islands of the western Solomons. Hocart describes this 
network from Simbo as follows:

We have noted the following places as having com-
mercial intercourse with Mandegusu [Simbo]: Vesu 
Gogoto [Rannonga], Vella Lavella, Ghizo, Nduke 
[Kolombangara], Lukeori, Roviana in the wide sense, 
Saikile [eastern Roviana], Lokuru [Rendova], Harero, 
Kusage [north New Georgia], Mbanyata [Rendova], 
Hoava [Central New Georgia], Marovo, Vungunu, 
Pondakana [southeast New Georgia], Viro [Viru 
Harbour], Panono. … they extend their trade over the 
whole of New Georgia and the neighbouring islands 
which we have called the New Georgia Group. Choiseul 
and Ysabel lay outside the pale: the only relations with 
them were those of head hunting (Hocart MS-d).

The material moved through this network was both di-
verse and abundant. Hocart lists the following as items 
sought by a trading expedition to Roviana: rings, shields, 
brown tapa, blue tapa, baskets, mendaka (a plaited col-
oured string used to suspend bakiha worn around the 
neck), and armlets. The shields were made in Kusage to 
the north of Roviana. Hocart reports a sort of three corner 
trade in nuts, poata and cloth between Roviana, Simbo 
and Vella Lavella, with nuts being imported into Simbo 
from Vella Lavella for tapa cloth and then exchanged with 
Roviana for rings or other manufactured goods (Hocart 
MS-d). It is probable that some materials came into Ro-
viana from further afield as Ivens reports porpoise teeth 
from northern Malaita, where they were abundant, being 
traded into Roviana (1930: 170), although to what extent 
this was a pre-colonial trade is uncertain. Above all there 
was trade in food. The Simbo people traded nuts and pigs 
to Roviana. Taro was imported into Simbo from Rannonga, 
Vella Lavella and Kolombangara, and it would seem likely 
that taro was imported into Roviana from areas to the 
north in Kusage, as well as from Kolombangara and Ren-
dova. The quantities could be considerable. At a large feast 
given upon the death of a Simbo chief, 30 pigs were killed, 
1000 puddings consumed, shell rings given to ‘singers’ and 
eleven shell rings given to visiting chiefs (Hocart 1922: 98). 
It is probable that prior to what appears to have been ma-
jor population decline in the late 19th century feasts such 
as these were even larger.

Conclusion

Our research has shown that the construction of a large 
hillfort on the small island of Nusa Roviana began circa 
1600 AD. It seems probable that settlement density in-
creased on the coast of Roviana lagoon at this time. At 
approximately the same time we see the appearance of the 
form of ancestral skull shrine known from the 19th cen-
tury. Although earlier shrine forms date back to at least 
1200 AD they do not contain either human skulls or the 
shell valuables which are ubiquitous in the later shrine 
form. Although shell rings may have a very long history in 
the Western Solomons and elsewhere in the Solomons we 
hypothesise that the development of the integrated head-
hunting/shell valuable/ancestral skull shrine complex 
which underlies political power in historic Roviana coa-
lesced circa 1600 AD. After 1600 AD the spread of this com-
plex throughout the region allowed increasing political 
intensification in Roviana and in a more or less attenuated 
form elsewhere in the New Georgia Group as shown for 
example by the work of Thomas (2009) on Rendova and 
our own research on Vella Lavella. Fundamental to this de-
velopment was the common shell valuable economy which 
allowed the commoditisation of trade and the movement 
of large amounts of food through regional networks from 
areas of agricultural abundance or intensification such as 
that made possible through irrigation of taro.

There is no evidence to suggest that irrigated taro was com-
mon throughout the high islands of the Western Solomons. 
Localised intensive use of ruta appear to be a response to 



146

Sheppard & Walter – Diversity and Networked Interdependence in the Western Solomons

demand from other locations within the regional network 
where population growth could not be supported by local 
production. Diversity and networked inter-dependence 
appears to have been an efficient economic strategy in 
the Western Solomons and probably elsewhere in Island 
Melanesia. Political intensification within polities, where 
it occurs in the Solomon Islands, is based on manipula-
tion of systems of exchange of commodities in trade be-
tween polities using exchange valuables, resulting in what 
Earle (1997) has called wealth finance of political author-
ity. This contrasts with systems elsewhere in the Pacific 
where staple finance or local intensification of production 
of food underwrites political authority in which surplus 
is extracted through elaboration of exchange as ideologi-
cal systems of ‘moral obligation’ (Gell 1992). However as 
Gell (1992: 167) points out commodity barter at social mar-
gins or between polities in Melanesia never occurs in a 
complete social vacuum therefore we need to be careful 
not to underestimate the potential symbolic or political 
complexity of exchange relationships among polities and 
among individuals from different polities within the West-
ern Solomons.
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Is there an Incised Lapita Phase 
after Dentate-stamped Pottery Ends? 

Data from Teouma, Efate Island, Vanuatu

Matthew Spriggs1 & Stuart Bedford1

Introduction

Lapita pottery decorated with distinctive incised motifs 
has been identified in almost all sites across the Lapita 
distribution (Burley et al. 2010; Green 1976; Hedrick 1971; 
Kirch (ed.) 2001; Poulsen 1987; Summerhayes 2000). In 
earlier Lapita sites it has been generally assumed to be a 
minor component of an overwhelmingly dentate-decorat-
ed phase. The idea that there was an incised Lapita pottery 
phase after the decline of dentate-stamped Lapita has also 
been around for a long time. It was the explicit conclusion 
of Patrick Kirch, based on his extensive 1980’s excavations 
at the Talepakemalai site on Eloaua Island in the Mussau 
Group of the Bismarck Archipelago (Kirch (ed.) 2001). In 
his summary of Lapita sherds excavated from the Arawes, 
Summerhayes concluded that they ‘by and large agree with 
other Lapita assemblages which show both a decrease in 
dentate and an increase in linear incision over time’ (Sum-
merhayes 2000: 151). The areally-extensive excavations at 
the Teouma Lapita cemetery and settlement site on Efate 
Island in Vanuatu between 2004 and 2010 (Bedford et 
al. 2006, 2009, 2010), allow us to re-examine the issue with 
a large, well-stratified ceramic sample (see Fig. 1 for Lapita 
distribution and the location of Teouma).

Analysis of the Teouma site is ongoing, and the sample 
considered here relates only to the Area 2B extension ex-
cavated in 2010 (Fig. 2). This was an 83 sq m area adjacent 
and to the south of a 9 × 2 m trench dug in 2006 (‘Trench 
2B extension’), and immediately to the east of Area 2, a 
100 sq m area dug in 2005. While Area 2 consisted almost 
entirely of cemetery deposits during the Lapita period, 
the 2006 trench revealed a deposit that seemed to relate 
to food consumption activities. At one stage we thought 
that this might represent a feasting area associated with 
cemetery activities, but the larger 2010 excavation revealed 
it to be a more generalized settlement deposit. This habi-
tation area, disturbed to the north by modern quarrying 
activities which had affected parts of the 2006 Trench 2B 
extension, respects the edges of the cemetery area and is 
believed to be contemporary with it on the basis of the 

1 The Australian National University

dentate-stamped pottery found there and the presence 
of West New Britain obsidian. This is supported too by 
AMS radiocarbon dates on short-life nutshell materials 
(see below). The faunal material from this area included 
both land turtle and extinct bird remains. The only burials 
found in the Area 2B extension in 2010 were those of two 
infants (Burials 61 and 62), placed peripherally in relation 
to the main cemetery area.

In the Area 2B extension Layer I was removed as a single 
unit, Layer II, a dense black occupation and midden layer, 
was dug in up to three 10 cm levels. Using CALIB 6.0 for 
all radiocarbon dates (Reimer et al. 2009), two samples 
from LII/2 dated to 2795 ± 30 (ANU-22506, 2965–2839 cal 
BP, 0.934 probability at 2 sigma) and 2675 ± 30 (ANU-22510, 
2844–2748 cal BP, 1.00 probability). Layer III represented a 
topsoil of reworked tephra that graded into sterile tephra 
deposits infilling karstic reef limestone bedrock. Excava-
tion generally proceeded to the bedrock. The cultural ma-
terial in Layer III tended to occur only in the top 10cm 
or so and was again removed as a single unit. Five dates 
from Layer III cultural deposits ranged between 2860 ± 30 
BP (ANU-22507, 3073–2917 cal BP, 0.890 probability) and 
2785 ± 30 BP (ANU-22512, 2971–2781 cal BP, 1.00 probability). 
Level 3 of Layer II occurred only in a localized area to the 
northeast (in 8 sq m) and represented a transition between 
Layer II and III deposits. For the purposes of the analysis 
presented here it has been combined with Layer III as a 
single unit. A single sample from LII/3 dated to 2800 ± 35 
BP (ANU-22517, 2993–2839 cal BP, 0.934 probability). The 
stratigraphy of the north face of the Area 2B extension is 
illustrated in Figure 3.

Teouma Area 2B extension ceramics

The analysis presented here of the 2010 excavation materi-
als only includes diagnostic sherds: defined as rims, cari-
nations and decorated sherds, whether the latter are rims 
or body portions. The plain sherd component (apart from 
plain rims) is not dealt with in this paper but dominates 
in terms of numbers and weight. Plain sherds generally 
represent the lower halves of all pots, with the exception 
of sherds associated with plain carinations or plain and 
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notched rims. The analysis deals with 1856 diagnostic 
sherds, with a combined weight of 12.35 kilos (Tables 1 & 
2). There were 1048 incised sherds, 378 dentate-stamped 
sherds, 240 notched rims, 86 plain rims, 39 worn rims 
(counted with the notched and plain rims combined) and 
69 plain carinations. It is assumed that these latter were 
associated with notched or plain rim vessels, and in the 

various tables numbers and weights for the carinations 
are given both separately and combined with plain and 
notched rims. Stratigraphic trends are generally similar 
between numbers and weights of sherds. For the sake of 
brevity, apart from Tables 1 and 7b the measured unit for 
sherds is weight (gms). Interpretation is generally based 
on percentage frequencies between diagnostic sherd types.

Areas 3 and 2

25 50 75 m0

Area 1

edge of uplifted reef

area scraped by mechanical digger

deeper mined zone

test-pits and central area of 

2010

 principal excavated areas 
2008, 2009, 2010

excavation 2004-2006

Area 2B
ext

2008
2009

Figure 2. Plan of principal excavated areas at Teouma, showing the location of the Area 2B extension excavated in 2010.

Figure 3. Stratigraphy of the Area 2B extension, showing north section of Area 2B extension. Layer 1 is the upper most 
dark layer; Layer 2 the concentrated midden deposit; Layer 3 the the dark yellow/orange tephra layer, sitting on top of the 
ancient uplifted reef.
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The study seeks to investigate whether temporal trends are 
detectable in the ceramics within the Lapita settlement fo-
cus at Teouma. As noted above, it has been suggested that 
there is a change in the Mussau sites from dentate-stamp-
ing to incision within the Lapita phase, with the incised 
pots displaying Lapita design motifs (Kirch 2001: 120). 
The analysis also seeks to examine whether the dentate-
stamped pottery in the Area 2B extension is in situ in some 
or all layers, or whether it is in secondary deposition, per-
haps secondarily transported from the cemetery area.

The first issue to consider is whether Layer I represents a 
lag deposit of disturbed material from Layer II, or whether 
it has some stratigraphic and cultural integrity. Given that 
it represents a build up of material of perhaps 3000 years 
compressed into about 20 cm, it must to some extent rep-
resent a palimpsest. There are clear trends present, however, 
in Tables 1 and 2 towards a decrease in the percentages of 
dentate sherds and plain carinations and a significant rise 
in plain and notched rims in Layer I. The incised sherds 
show a decrease in numbers by percentage but a slight 
rise by weight, so are more equivocal. On the balance of 
the evidence for continuing temporal trends into Layer 
I, we adjudge that it does indeed include in situ material. 
The more than halving of the percentage of dentate sherds 
between Layer II/1 and Layer I and the small numbers of 
sherds involved leave open the possibility that the dentate 
component of Layer I is in secondary deposition. We shall 
return to this issue later in the paper.

Possible temporal divisions of the Area 2B 
extension stratigraphy

Several scenarios of temporal division are possible be-
tween the different levels and spits. They include:

1. There is a single-phase occupation represented, and Lay-
ers I to III should be combined as a single assemblage 
(as per Table 3).

2. There is a two-phase sequence of an upper and lower 
half, with LI and LII/1 on the one hand, and LII/2 and 
LIII (the latter including LII/3 where it occurs). This is 
shown in Table 4.

3. Layer I is later, and Layers II and III should be consid-
ered as an earlier assemblage (Table 5).

4. There is a three-phase sequence, with Layers I, II and III 
representative of distinct phases (Table 6).

5. There is a three-phase sequence represented by Layers I 
and II/1 and with Layers II/2 and III combined (Table 7).

Scenario one cannot be totally discounted, but if true then 
it tells us little beyond the observation that incised sherds 
are the major diagnostic category, with notched and plain 
rims next in popularity (particularly if combined with 
plain carinations) and dentate-stamping brings up the rear. 
Although we don’t yet have the comparative figures, this 
would seem to contrast with the situation in the cemetery 
area where dentate-stamped sherds appear to predominate. 
A functional difference in the use of dentate-stamped pots 
vis-à-vis incised and notched and plain rims pots between 
the two areas is an obvious interpretation of this situation.

When we break down the putative assemblage by strati-
graphic differentiation, interesting trends appear which 
suggest that there are indeed some temporal changes oc-
curring during the period of occupation in the Area 2B 
extension. The second of these scenarios produces a pat-

Table 1. Teouma Area 2B Extension diagnostic sherds by number (1856 diagnostic sherds: 1049 incised (and other minor 
techniques), 378 dentate, 240 notched rims, 86 plain rims, 34 worn rims (not attributable), 69 plain carinations).

Type Layer 1 Layer II/1 Layer II/2 LII/3 & III

Incised  73 39.5%  153 50.2%  536 63.4%  287 55.1%

Dentate  24 13.0%  59 19.3%  156 18.5%  139 26.7%

Notched & Plain Rims  85 45.9%  81 26.6%  117 13.8%  77 14.8%

Plain Carinations  3 1.6%  12 3.9%  36 4.3%  18 3.4%

(Notched/Plain Rims & Plain Carinations)  (88 47.5%)  (93 30.5%)  (153 18.1%)  (95 18.2%)

Totals  185 100%  305 100%  845 100%  521 100%

Table 2. Teouma Area 2B Extension diagnostic sherds by weight (gms).

Type Layer I (gms) Layer II/1 (gms) Layer II/2 (gms) LII/3 & III (gms)

Incised  507 48.6%  1061 44.6%  3618 60.0%  2125 59.9%

Dentate  107 10.2%  542 22.8%  1172 19.4%  779 21.9%

Notched & Plain Rims  397 38.1%  529 22.3%  706 11.7%  462 13.0%

Plain Carinations  32 3.1%  244 10.3%  537 8.9%  183 5.2%

(Notched/Plain Rims & Plain Carinations)  (429 41.2%)  (773 32.6%)  (1243 20.6%)  (645 18.2%)

Totals  1043 100%  2376 100%  6033 100%  3549 100%
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tern of decrease in incised sherds over time, with dentate 
stamping and plain carinations remaining roughly the 
same, and a considerable increase in notched and plain 
rims as a percentage (Table 4). If notched and plain rims 
are combined with plain carinations then a convincing in-
crease is recorded. This pattern would clearly not support 
the model of a decrease in dentate-stamping and a rise in 
incision over time, but does support an increase in per-
centage of notched and plain rims. We know from other 
parts of the Teouma site and from other Efate sites that 
just such a trend continues post-Lapita into the Arapus 
phase (perhaps beginning c. 2800 cal BP), which consists 
largely of notched or plain rim vessels not otherwise deco-
rated, albeit with only very rare carinations (see Bedford 
2006; Bedford and Spriggs 2000).

The third scenario again produces a two-phase sequence 
(Table 5). This produces a decrease in incised, dentate and 
plain carination categories, and a considerable rise in the 
percentage of plain and notched rims. Again there is no 
support here for the idea of incised decoration increasing 
at the expense of dentate decoration. The clear decrease 
in the percentage of plain carinations suggests that later 
notched and plain rim vessels were less likely to be of 
carinated shape than earlier ones. This fits well with the 
continuation of the sequence post-Lapita into the Arapus 
phase where carinated vessels are extremely rare.

Scenario four takes the visible stratigraphy at face-value 
and interprets the layer differences as being significant 
temporally, so that each layer constitutes a separate phase 
(Table 6). There are decreases from bottom to top both 
in incised and dentate sherds, but the differences in the 

latter between LIII and LII are only of the order of 1.5%, 
with a much steeper drop between LII and LI. The increase 
in notched and plain rims between LIII and LII is only 
slightly more convincing, with a 1.7% difference, and then 
with a convincing increase in LI. The plain carinations in-
crease between LIII and LII and then decrease again sig-
nificantly in LI. If plain carinations and plain and notched 
rims are combined then there is a convincing increase 
between each Layer from bottom to top. Again, given our 
main concern with trends in dentate stamping compared 
to incised, there is no suggestion here of incised pottery 
replacing dentate-stamped decoration; indeed both de-
cline relative to notched and plain rims. It is only in Layer 
I where there is a significant decline in dentate stamping as 
a percentage of the total assemblage compared to incision, 
which is declining at a gentler rate compared to the rise of 
notched and plain rim pottery.

The fifth scenario is in fact suggested by the results of the 
previous one, where there seemed to be no great differ-

Table 3. Combined figures for all levels, illustrating Scenario 
1 that there is a single assemblage and phase represented in 

the Area 2B extension.

Type Weight (gms) Percentage

Incised 7311 59.2%

Dentate 1951 15.8%

Notched & Plain Rims 2094 16.9%

Plain Carinations 996 8.1%

(Notched/Plain Rims 
& Plain Carinations)

(3090) (25.0%)

Totals 12,352 100%

Table 4. Area 2B Extension divided into upper and lower 
phases, as per Scenario 2.

Type
Layers I & II/1

(gms)
Layers II/2 & III

(gms)

Incised  1568 45.9%  5743 59.9%

Dentate   649 19.0%  1951 20.4%

Notched & Plain Rims   926 27.0%  1168 12.2%

Plain Carinations   276 8.1%    720 7.5%

(Notched/Plain Rims 
& Plain Carinations)

 (1202 35.1%)  (1888 19.7%)

Totals  3419 100%  9582 100%

Table 5. Area 2B Extension divided into upper (Layer I) and 
lower (Layer II & III combined) phases, as in Scenario 3.

Type Layer I  (gms) Layers II & III (gms)

Incised  507 48.6%  6804 56.9%

Dentate   107 10.2%  2493 20.8%

Notched & Plain Rims    397 38.1%  1697 14.2%

Plain Carinations   32 3.1%   964 8.1%

(Notched/Plain Rims 
& Plain Carinations)

 (429 41.2%)  (2661 32.3%)

Totals    1043 100%  11,958 100%

Table 6. Area 2B Extension divided into a three-phase sequence (Layers I, II and III respectively, as per Scenario 4)

Type Layer I  (gms) Layers II/1 & /2 (gms) Layer III

Incised   507 48.6%   4679 55.6%  2125 59.9%

Dentate   107 10.2%   1714 20.4%   779 21.9%

Notched & Plain Rims   397 38.1%   235 14.7%   46 13.0%

Plain Carinations    32 3.1%      781 9.3%   183 5.2%

(Notched/Plain Rims & Plain Carinations)  (429 41.2%)  (2016 24.0%)  (645 18.2%)

Totals   1043 100%   8409 100%  3549 100%
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ences between LIII and LII. Scenario five combines Layers 
II/2 and III, and contrasts them with LII/1 on the one hand 
and LI on the other, to form a different combination for a 
three-phase sequence (Tables 7a and 7b). Clear trends ap-
pear here using sherd numbers, but are not so consistent 
when sherd weights are used. For incised pottery there is 
a convincing decline percentage-wise in weights between 
the lowest and the middle phase, then a slight rise of 4%. 
When sherd numbers are used, however, there is a signifi-
cant percentage decline from earliest to latest. For dentate 
on weight percentages there is a slight rise of 2.4% between 
the lowest and middle phases, and then a significant de-
cline to Layer I. If sherd numbers are used there is a con-
sistent decline over time in dentate – as with incised–but 
between LII.2/LIII and LII.1 it is only of the order of 2.3%, 
with a bigger decline to LI. Notched and plain rims show 
a consistent increase in percentage in both weight and 
number, and plain carinations show a similar percentage 
for the two lowest phases in number (but with a slight 
rise when percentage weight is used) and then a decline 
to LI, as seen elsewhere. When notched and plain rims and 
plain carinations are combined there is a particularly clear 
increase over time using both sherd numbers and weights.

Scenario five shows the most consistent stratigraphic divi-
sions on the basis of reconstructable vessels – although it 
should be stressed that this is very much subject to on-
going reconstruction and the numbers will change (see 
Fig. 4). Thus for example dentate carinated vessel TC59 
shows 24 sherds in LIII (again as always including LII/3) 
and 22 in LII/2, with only 3 sherds in Layer II/1 and none 
in LI. Two sherds can be attributed to Layer II more gener-
ally. This would suggest it was deposited in LIII and LII/2 
with the few sherds in LII/1 likely to be in secondary depo-

sition. Incised vessels TI6, TI10 and TI11 show a similar 
distribution of sherds. Dentate carinated vessel TC45, on 
the other hand, shows a pattern of deposition in LII/3 and 
LIII only, with 52 sherds in LII/3, localized in the northeast 
of the Area 2B extension, and 13 in LIII. Only four sherds 
of this pot were found in LII/2 and three in LII/1, with a 
further sherd only attributable to LII more generally. As 
well as carinated vessels we find detached cylinder stands 
present in the Area 2B extension, three of them concen-
trated in LII/2.

Are the Dentate sherds in situ?

Given these results we should return again to the question 
of whether dentate-stamped sherds are in situ, particularly 
in LI. We cannot clearly establish that they are, given that 
we have no reconstructable dentate vessels deposited in LI: 
In the examples mentioned above there were no dentate 
sherds from these vessels at all in LI. The least number of 
dentate sherds was found in Layer I: only 24 (107 gms). 
One additional clue might come from average sherd size 
by Layer, and the pattern here is suggestive (Table 8). The 
smallest dentate sherds are in LI, 4.3 gms in average weight. 
Layer II/1 on the other hand has the largest sherds at 9.2 
gms, with a decrease both in LII/2 and LIII, to 7.5 and 5.6 
gms respectively. This trend is not shared by the incised 
sherds, which are largest in LIII (7.4 gms) and maintain 
a lower but essentially constant size in the other lay-
ers, between 6.8 and 6.9 gms. If Scenario five is followed 
we find that there is essentially no size change in incised 
sherds over time, ranging between 7.0 and 6.9 gms. Den-
tate sherds still increase in size in LII/1 compared to the 
earliest phase (LII/2 and III, from 6.6 to 9.2. For plain and 
notched rims and for sherds in general, the lowest sherd 

Table 7a. Area 2B Extension divided into a three-phase sequence (Layers I, II/1 and combined Layers II/2 & III respectively 
using sherd weights, as per Scenario 5).

Type Layer I  (gms) Layer II/1 (gms) Layers II/2 & III

Incised  507 48.6%  1061 44.6%  5743 59.9%

Dentate  107 10.2%    542 22.8%  1951 20.4%

Notched & Plain Rims  397 38.1%    529 22.3%  1168 12.2%

Plain Carinations   32 3.1%    244 10.3%    720 7.5%

(Notched/Plain Rims & Plain Carinations)  (429 41.2%)  (773 32.6 %)  (1888 19.7%)

Totals   1043 100%  2376 100%  9582 100%

Table 7b. Area 2B Extension divided into a three-phase sequence (Layers I, II/1 and combined Layers II/2 & III respectively 
using sherd numbers, as per Scenario 5).

Type Layer I  (gms) Layer II/1 (gms) Layers II/2 & III

Incised    73 39.5%   153 50.2%  823 60.2%

Dentate    24 13.0%     59 19.3%  295 21.6%

Notched & Plain Rims    85 45.9%     81 26.6%  194 14.2%

Plain Carinations     3 1.6%    12 3.9%   54 4.0%

(Notched/Plain Rims & Plain Carinations)  (88 47.5%)  (93 30.5%)  (248 18.2%)

TOTALS  185 100%  305 100%  1366 100%
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weights are found in Layer I and the second lowest weights 
in Layer III, similar to the pattern for dentate sherds.

The overall conclusion from this might suggest that den-
tate sherds in LI are in secondary deposition, but this 
seems most unlikely to be the case for LII/1, which has 
the highest average sherd size across all categories except 
for incised and the combined plain and notched rims and 
plain carination categories. But LIII also has relatively low 
dentate and plain carination sherd size, which could sug-
gest that the dentate pottery and carinations here derive 
from the adjacent cemetery use. On the other hand our 
reconstructible pots show that this is unlikely to be the 
case, except perhaps to a very small extent. An alternative 
is that the dentate sherds were being abraded by contact 
with the outcropping hard basal reef bedrock. If so, this 
process does not seem to have affected incised sherd av-
erage size. The pattern of incised sherds shows that they 
are most likely in situ in all layers. This would not sup-
port a scenario of dentate-stamped pottery decreasing 
in percentage or being replaced by incised decoration as 

argued for Mussau and other sites, as the incised pottery 
is the largest component in basal layers at Teouma rather 
than the dentate stamping the model would predict. But 
it might suggest that dentate-stamping drops out BEFORE 
incised pottery does at Teouma. The latter pottery type is 
still a considerable presence in LI, although it is clearly 
declining relative to notched and plain rim pots over time.

Comparative Discussion and Conclusions

The study suggests several conclusions. The first is that at 
Teouma Area 2B extension, dentate and incised pots were 
being produced contemporaneously, but both decline as 
plain and notched rim vessels increase in importance. It 
may be that dentate pots drop out of production before 
incised ones do, and that dentate sherds in LI are in sec-
ondary deposition. Plain carinations seem to be associated 
with plain and notched rim vessels but carinations also 
decrease over time, and in Layer 1 are also potentially in 
secondary deposition. This fits the pattern in the immedi-
ately post-Lapita Arapus phase of the Efate region, where 

Figure 4. Four partially reconstructed pots from the Area 2B extension: Carinated vessels TC (Teouma carinated) 59 and 
TC 45, the former dubbed the ‘Sepik mask’ pot and Ti (Teouma incised) 10 and Ti 11.

Table 8. Average sherd weight (gms) per layer of diagnostic sherds. ‘Rims’ refers to both plain and notched rims. The category 
‘combined’ refers to notched and plain rims and plain carinations combined.

Unit Dentate Incised Rims Carininated Combined Totals

Layer 1 4.5 6.9 4.7 10.7 4.9 5.6

Layer II/1 9.2 6.9 6.5 20.3 8.3 7.8

Layer II/2 7.5 6.8 6.0 14.9 8.1 7.1

Layer III (includes II/3) 5.6 7.4 6.0 10.2 10.2 6.8
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we find plain and notched rim vessels with only very rare 
carinations, after the demise of dentate-stamping and the 
decrease in incised vessels.

There is no reason on the basis of dentate-stamped pottery 
style to believe that the settlement in the 2B Extension area 
is later than the cemetery at Teouma; it certainly respects 
the cemetery boundaries. The cemetery is dominated by 
dentate-stamped vessels and so any difference in propor-
tions of dentate versus incised vessels between the two 
areas is likely to reflect the obvious functional difference 
between the two areas.

Functional differences may also explain some of the spatial 
patterns in the Mussau Group Lapita sites in proportions 
of incised as opposed to dentate decoration. There is a 
claimed succession of dentate to incised sherds in the EKQ 
rock shelter on the Mussau mainland (Weisler 2001: 158). 
EKQ, which is doubtless a special use site rather than a 
general habitation area, in fact shows a bimodal distribu-
tion of dentate sherds (i.e. early and late in the sequence) 
in both testpits excavated (Weisler 2001:figs 5.12 & 5.13). 
This is hardly convincing as an argument for replacement 
of dentate by incised. The sample size is also quite small: 26 
dentate, 158 incised and 386 notched rims (ibid:Table 5.3).

At Talepakemalai on Eloaua Island the W250 transect ap-
pears to have 48 incised sherds in total out of 192 deco-
rated sherds across 15 × 1 m square test pits (extrapolated 
from Kirch 2001:Fig. 4.39) with 96 fine dentate, 35 coarse 
dentate and 13 cutouts. Area C at one end of it produced 
only 114 diagnostic sherds in total, two of them dentate 
(ibid: 118,Table 4.4). The sample sizes are again small, but 
the supposed temporal sequence may represent activity 
area differences across the site, reflected both spatially and 
in changing location use over time as the sediment accu-
mulated (cf. Kirch 2001: 118 – ‘activities occurring on the 
stilt-house structures in the vicinity of Area C may have 
changed over time’). More detailed figures are given for 1 
m square unit W200N144 of Area B (Kirch 2001:Fig. 4.30). 
Here ALL decorated techniques showed a bimodal distri-
bution with peaks in both stratigraphic zones C2 and B1, 
and there were as many fine dentate as incised sherds in 
the upper zone B1. Numbers are again a concern with only 
14 incised in total and 42 fine dentate, 16 coarse dentate 
and 9 cutouts. On the basis of Teouma and if there are 
indeed general trends across Lapita sites, the real temporal 
transition in Mussau may be rather from both dentate and 
incised Lapita pots to post-Lapita ones of simple vessel 
form with plain or notched lips, and less use of carinated 
forms over time.

Although Summerhayes argued that the Lapita assem-
blages analysed from four of the Arawe sites showed simi-
larities with other Lapita assemblages in general, in that 
they demonstrated the purported decrease in dentate and 
an increase in incised over time, he also noted differences 
AMONG these assemblages (Summerhayes 2000: 151). At 
site FOH squares D, E and F, dentate decreases over time 
and incised later dominates. At FNY, Paligmete, incised in-

creases over time but dentate is always dominant. At FOH 
square G, dentate and linear incision is equally represent-
ed while at FOJ, Apalo, linear incision is dominant in all 
units (Summerhayes 2000: 151).

In making any comparisons between the Arawes and Mus-
sau or Teouma it needs to be emphasised that the analysed 
Arawes’ assemblages come from discrete, single-location 
excavated areas within larger sites rather than from large 
areal excavations or transect trenches across sites, so 
functional variability across the Arawe sites cannot be 
ascertained. For example, the sherds that were analysed 
from FOJ, Apalo, a site with a total area of 12000 m2, were 
retrieved from a single area excavation of eight square me-
tres. The decoration categories reported from the Arawes 
sites are not directly comparable to ours, and sherd num-
bers are generally very small, but it is intriguing to specu-
late that the part of FOJ sampled may indeed represent a 
similar functionally-specific zone to the Teouma Area 2B 
Extension.

At Teouma we have functionally-specific activity areas 
with associated vessel forms, while also being able to 
demonstrate the contemporary nature of both dentate 
and incised decoration during the Middle Lapita period 
in Remote Oceania. Although we do not suggest that the 
pattern seen at Teouma is necessarily the trend that should 
be expected elsewhere, it does demonstrate that there are 
indeed other explanations for what was once thought to 
be a general replacement of dentate by incised Lapita over 
time.
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Introduction

Lapita ceramics have been found on islands across a vast 
stretch of the western Pacific Ocean, spanning some 4500 
km from the Bismarck Archipelago in the west to Tonga 
and Samoa in the east, with recent finds (David et al. 2011; 
McNiven et al. 2011) extending their distribution to the 
south coast of mainland Papua New Guinea (PNG). While 
Lapita ceramics have long been recognised by their iconic 
(comb) dentate-stamped designs that include a range of 
largely geometric shapes (e.g. linear or curved motifs, in-
cluding labyrinths), usually in bands or demarcated zones 
on the upper portions of pots (Kirch 1997: 13), they are also 
characterised by a broad range of distinctive vessel forms 
including but not limited to collared and carinated jars 
and bowls with everted rims (of a range of rim courses) 
and globular bodies, flat dishes, and rare cylinder stands 
(we differentiate ‘neck’ from ‘collar’ when describing ce-
ramic vessels, with ‘neck’ referring to a continuous curved 
restriction (i.e. with a single corner) at the base of the rim, 
such as on the left hand drawing of Fig. 1; ‘collar’ refers 
to a similar but vertically extended restriction (i.e. with 
a corner at the top and a second one at the base of the 
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collar), as in the middle drawing of Fig. 1; collars can vary 
significantly in width). While decorated vessels are typi-
cally highlighted as characteristic of Lapita in many stud-
ies, >90% of sherds in most archaeological assemblages 
are undecorated (e.g. Burley et al. 2010; Kirch 1997: 146; 
for exceptions from more westerly assemblages, see Kirch 
2000; Sand 2001). Such high proportions of plain sherds 
are due to a combination of sherds from plainware vessels 
and from undecorated parts of decorated wares. However, 
it is not usually possible to determine which of these two 
options the plain sherds represent (although conjoining 
of sherds and matching against various characteristics of 
decorated sherds can in some circumstances shed light on 
this issue). Plainwares enable us to better understand rela-
tionships between vessel form and decoration – and with 
this the culture of Lapita ceramics generally – by compar-
ing how vessel shape changes with, and without, decora-
tion through time. However, plainwares are rarely reported 
in any detail, making it difficult to compare the broader 
distribution of full assemblage characteristics across space 
and time.

A number of authors have argued that the vessel walls of 
domestic wares were generally undecorated (e.g. Bedford 
2006: 23; Golson 1971), with decorated forms typically 
indicating specialised ritual wares and social signalling 
(e.g. Chiu 2005). A characteristic vessel shape across the 
Lapita world, from earliest to latest times, are collared ves-
sels with carinations and everted rims (although collared 
vessels appear to be less common in Early Lapita times), a 
vessel form decreasingly seen in post-Lapita assemblages 
(although everted pots with collars and carinations occur 
in post-Lapita assemblages in some parts of the Pacific, 
such as Early Erueti and Arapus (as well as the more en-
igmatically related Podtanean) wares of Vanuatu and New 
Caledonia; cf. Bedford 2006; Sand 1999). Although den-
tate stamping of particular designs has often been treated 
as the diagnostic ‘smoking gun’ conclusively announcing 
the presence of Lapita (because for many Lapita special-
ists dentate stamping of a range of designs provides the 
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only unambiguous marker of Lapita ceramics, although 
for others what identifies Lapita is not the technique of 
dentate-stamping as such but the design system repre-
sented, irrespective of technique, a point highlighted by 
the common incising of the Lapita design system of mo-
tifs in some regions), even as plainwares collared vessels 
with carinations can thus signal the presence of Lapita 
or immediately post-Lapita ceramics across much of the 
western Pacific. Nevertheless, in some regions such as the 
Massim of southeast PNG, uncollared vessels with carina-
tions below inverted rims and carinated pots with near-
vertical collars and very narrow everted rims merging into 
lips are found into ethnographic times, while in Morobe 
Province (northeast mainland PNG) collared globular but 
uncarinated vessels are found into recent times (see also 
ethnographic Mailu wares of the southeast coast of PNG) 
(e.g. May and Tuckson 1982: 74–115, 134–155). 

Many, but not all, Lapita vessels are low-fired with a high 
sand content, so that they tend to suffer poor preserva-
tion post-depositionally (e.g. Bedford et al. 2007; Clough 
1992; Jones-Amin et al. submitted). Through refiring ex-
periments, Lapita sherds from the Talepakemalai site of 
the Mussau Islands (PNG) were found to have been fired 
at temperatures as low as 500–600° C, and that tempera-
tures in excess of 800° C were probably never achieved 
(Kirch 1997: 120). Tempers can consist of either calcareous 
beach sands and/or mineral sands naturally placered from 
tephra-based soils (e.g. Dickinson 2006).

Archaeologically, and in most regions across the span 
of their distribution, Lapita vessels tend to be known 
from relatively small-size sherds, with complete or near-
complete vessels being either rare or entirely unknown. 
Notable exceptions with whole or near-whole vessels are 
Talepakemalai on Mussau (e.g. Kirch 1997, 2001), locality 
WKO013A at the Lapita type-site in New Caledonia (e.g. 
Sand et al. 1998), Teouma in Vanuatu (e.g. Bedford et al. 
2006, 2007, 2009; Bedford and Spriggs 2007) and the Si-
gatoka sand dune in Fiji (e.g. Birks 1973; Burley and Dick-
inson 2004). 

Here we report three Lapita pots from Caution Bay, 
south coast of mainland PNG, recently substantially re-
constructed from conjoined sherds during the course of 
conservation work by the Centre for Cultural Materials 

Conservation at the University of Melbourne. Our aim 
is, firstly, to document vessel form for one newly revealed 
Lapita region (Caution Bay, south coast of mainland PNG) 
through hitherto poorly documented plain body ceram-
ics that require substantial reconstruction to make mor-
phological sense of otherwise relatively small sherds, and, 
secondly, to discuss how such vessel forms change with the 
demise of Lapita at Caution Bay after 2600–2500 cal. BP. 
These pots represent the first substantial excavated Lapita 
vessels from mainland PNG.

Caution Bay sites

Caution Bay (Central Province) centres 30 km west of Port 
Moresby (Figs. 2 and 3). Its position spans a tropical savan-
na to subtropical humid environment where the climate 
is strongly seasonal. Forming an open embayment, Cau-
tion Bay is reef-fringed; from the shoreline a number of 
terrestrial zones then run parallel, each zone demonstrat-
ing a distinctive geology, pattern of topography, soils and 
vegetation (see Mabbutt et al. (1965) for a comprehensive 
description). In succession inland, the Caution Bay catch-
ment comprises a littoral plains complex, alluvial plain, 
coastal lowland and coastal hill to ridge-line (with relief 
up to 300 m). Land cover is dominated by wooded savan-
na, through which current human use and modification is 
concentrated. Caution Bay incorporates the early ethno-
graphic and present villages of Boera, Papa and Lea Lea.

Archaeological investigations at Caution Bay in 2009–
2010 involved excavation of 122 stratified sites plus surface 
collections at 26 sites, from the coast to over 2 km inland 
(for inland site Edubu 1, see McNiven et al. 2012). Analysis 
of the finds is now well advanced and sites typically con-
tain pottery, flaked and ground stone artefacts and shell 
artefacts associated with extensive marine, freshwater and 
terrestrial faunal assemblages. The latter show a strong fo-
cus on marine shellfish; domesticated pig and dog remains 
are also present at several sites. One coastal and one inland 
location contained human burials and additional isolated 
human skeletal elements were found at several other sites.

A detailed cultural chronology, still under development, 
is based on over 1000 AMS radiocarbon age determina-
tions spanning the past c. 6000 cal. BP, extending from 
pre-ceramic occupation through to the ethnographic pe-

Figure 1. Definition of ceramic terms.
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riod. Notably, dentate-stamped Lapita pottery associated 
with Lapita-age radiocarbon dates (c. 2900 to 2600–2500 
cal. BP) have been found at nine stratified sites spanning 
from the coast to 1.75 km inland; at least eight additional 
sites with ceramics similarly fall within this Lapita-age 
radiocarbon date window, but pottery analysis and radio-
carbon dating are still in progress so their particular attri-
bution cannot be confirmed at this time. Nevertheless, all 
of the decorated ceramic assemblages from this c. 2900 to 
2600–2500 cal. BP window analysed so far from Caution 
Bay are demonstrably Lapita (i.e. they contain characteris-
tic dentate-stamped sherds), and so these eight additional 
sites are thus likely to be Lapita.

Three pots

Tanamu 1 Square N XU2 (in situ item 2).

Tanamu 1 (PNG National Museum and Art Gallery: regis-
tered site ABHA) is positioned above the littoral complex 
where the foredune slopes to merge with the alluvial plain 
(5 m above the high tide mark). The site is exposed, flanked 
by open tidal mudflats then mixed mangroves to the west 
and northwest and tufted Themeda sp. grassland, thinning 
progressively with distance along the eastern side. 

Archaeological excavations at Tanamu 1 were undertaken 
to a maximum depth of 2.84 m, revealing a sequence of 
seven distinct layers dating from 5000 cal. BP (pre-ceram-
ic), into Lapita (2800–2750 cal. BP) and post-Lapita times 
(in particular the past 200 years). 

The reconstructed pot from Tanamu 1 comes from the 
culturally dense Middle Horizon (SU3) in Square N, a dis-
tinctive layer containing numerous Lapita ceramics in-
cluding decorated forms (Fig. 4). The reconstructed pot is 
a low-fired earthenware consisting of much of the lip and 
rim, thickened collar and body of an everted, collared and 
shoulder-carinated, globular pot with the base missing. It 
has an orifice diameter of 32 cm, orientation angle of 60°, 
inclination angle of 90°, flat lip profile, straight rim course 
and gradually thickening rim profile with a 4.3 cm-long 
rim and 3 cm-long collar (for definition of terms, see Fig. 
1 and David et al. 2009; Frankel et al. 1994). Its original 
height would have been c. 28 cm. The reconstructed pot 
has a maximum dimension of 34 cm and total weight of 
1175g (excluding the weight of conservation materials such 
as adhesive and limited structural fill). The wall thickness 
varies throughout the ware, from vessel top to bottom 
ranging from (minimum-maximum dimensions) 7–8 mm 
across the lip, 5–7 mm at the rim, 3–5 mm at the neck, 9–13 

Figure 4. Excavation of Tanamu 1 in progress with the top of the dense Middle Horizon of sU3 (Lapita horizon) exposed, 
Square A (1 m × 1 m) after excavation of XU29 (58 cm depth) 
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mm at the collar, 8–9 mm at the carination and 4–6 mm 
on the globular body below the carination. The surface 
colour is brown (Munsell = 10YR 4/3), varying slightly de-
pending on the area of the pot under examination. The pot 
has a finger(?) or stick(?)-impressed shallow crenellated 
lip and plain body (Figs. 5 and 6a). It was excavated in situ 
lying sub-horizontally and inverted, with the lip (deepest 
element) 61 cm below the present ground surface, and the 
highest part (the broken base) 42 cm below ground (Fig. 
7).

The brown ceramic colour of the Tanamu 1 pot was the 
likely result of oxidative firing (Velde and Druc  1999: 131). 
The presence of a dark gray to very dark gray core col-
our (10YR 4/1 to 3/1) suggests a lack of oxygen perfusion 
through the ceramic, most likely from inadequate oxygen-
ation or too-rapid a firing, which leads to the retention 
of unburnt carbon and causes iron oxides to be reduced 

(Fournier 2000: 26). The core margins are distinct. Rye 
(1976) argues that this is a diagnostic feature indicating 
that a vessel was fired in an open fire followed by very 
rapid cooling in air. This is consistent with typically low-
fired Lapita ceramics elsewhere, often yielding ‘incom-
pletely oxidized interiors’ (Kirch 1997: 119). The Tanamu 1 
pot appears to have been fired in oxidising conditions with 
incomplete oxidisation (as common in Lapita ceramics 
generally) of a centrally positioned carbon core.

The mineralogy (for details, see Jones-Amin et al. submit-
ted) of the Tanamu 1 pot further indicates that it was fired 
at a low temperature below 700° C and that only a low 
amount of sintering occurred, as montmorillionite is pre-
sent, its decomposition starting at 678° C. In earthenware, 
the particles in the fired clay are only partly fused as vitrifi-
cation does not take place until c. 800° C, hence giving rise 
to its porous nature (Oakley and Jain 2002: 4). 
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Figure 5. The Tanamu 1 Square N XU2 pot after conjoining and conservation 

Figure 6. A: The Tanamu 1 Square N XU2 pot. B: The Bogi 1 Square Y XU1 pot. C: The Bogi 1 Square F XU14 pot. 
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Figure 7. The Tanamu 1 Square N XU2 pot (pedestalled for ease of extraction) during excavation (photograph by Ian J. 
McNiven).

Environmental Scanning Electron Microscopy Energy 
Dispersive Spectroscopy (ESEM-EDS) scans (see Jones-
Amin et al. submitted) of the Tanamu 1 pot identified that 
the elements most commonly associated with secondary 
clays (aluminium, silicon, oxygen and the impurity, iron) 
are present. The presence of carbon found in SEM may 
be indicative of unburnt organic matter within the clay 
matrix. The red-brown colour is most likely due to iron 
oxide impurities. An X-ray powder diffraction (XRPD) 
diffractogram suggests the presence of quartz, albite and 
montmorillinite, which are typical clay constituents. Cal-
cium and carbonates identified in ESEM-EDS may be due 
to calcareous beach sand.

The walls of the vessel are impressively thin, 3–6 mm 
in many places and are unlikely to have been produced 
through coiling; indeed, the size of the Tanamu 1 pot com-
bined with its thin walls makes it very impressive techni-
cally, and it would be difficult to make such a thin-walled 
pot of this size on a wheel. Such thin walls are typical of 
locally produced Middle Lapita non-dentate vessels in the 
Arawe Islands of northeast PNG (cf. Summerhayes 2000b), 
a period of time broadly comparable to that of the Tana-
mu 1 pot. Wall thickness and variation, dimple marks on 
the interior, strong lamination visible along break edges, 
associated with elongated void and laminar sherd-edge 
fracture indicate that this pot was manufactured with pad-
dle and anvil (Jones-Amin et al. submitted). In addition to 
dimples, the interior of the pot has distinct triangular anvil 
marks, produced by an anvil with a triangular indentation 
(but not decoration) on its surface.

A sequence of 59 AMS radiocarbon determinations from 
Tanamu 1, each on a single piece of charcoal (34 dates) or 
shallow marine Anadara antiquata or Gafrarium tumi-
dum shell (25 dates), firmly dates the pot to 2800–2750 
cal. BP (David et al. in preparation; see Petchey et al. (2013) 
for locality-specific and species-specific deltaR values for 
the shells). The pot comes from the well-defined Middle 
Horizon of Tanamu 1, which is predominantly at 50–70 
cm depth and dated throughout to 2800–2750 cal. BP. 
This stratigraphic horizon also contains numerous pot-
tery sherds with dentate stamping and/or continuous 
(predominantly curvilinear) line impressions of Lapita 
designs, often characterized by rows or fields of paired 
or triple parallel arcs. This SU3 Lapita horizon is a well-
defined, culturally rich, compact but poorly consolidated 
layer composed of dark aeolian sand and high quantities 
of whole and fragmented shell, pottery sherds and stone 
artefacts. Its boundary with underlying SU4 is distinct, in 
the main grading over a thickness of c. 5 cm. It is strati-
graphically well delimited from underlying (pre-ceramic) 
and overlying (culturally sparse, post-Lapita) sediments.

Bogi 1 Square Y XU1.

Bogi 1 (PNG National Museum and Art Gallery: registered 
site ABEN) occupies a coastal foredune. Unlike Tanamu 
1, Bogi 1 is not exposed in its position above the littoral 
plain. The site is bordered on the seaward side by a mixed 
dune scrub and evergreen-deciduous thicket. This dune 
vegetation ends abruptly against the Themeda-Impera-
ta grasslands of the adjacent alluvial plain. Localised moist 



163

 University of otago stUdies in archaeology · no. 25

Pandanus sp. and herbaceous depressions are in the Bogi 
1 landward vicinity. The site is located 140 m northwest of 
Tanamu 1 (McNiven et al. 2011) (Fig. 8).

The Bogi 1 Square Y XU1 pot is a collared low-fired earth-
enware with partially present rim and globular body (Figs. 
6b and 9). It was lying flat at a depth of 135 cm in Square 
Y of Bogi 1 (Fig. 10). It had an orifice diameter of 42 cm 
with its widest axis across the shoulder, and was c. 28 cm 
in height. It has an orientation angle of 50°, a 4 cm-long 
collar and 2 cm-long rim. The wall thickness varies from 6 
mm at the lip, 6–7 mm at the rim, 7–8 mm at the neck, 7–9 

mm at the collar, 11–14 mm at the carination and 7–11 mm 
on the body. The surface colour is a matte, dull gray to pale 
brown to light yellow brown (Munsell = 7.5YR 6/1–5/1 to 
10YR 6/3–6/4), varying within this colour range depending 
on the area of the pot under examination. An inconspicu-
ous, discontinuous horizontal incised line is found on the 
neck; it appears to be a manufacturing (tool) mark. There 
are three circular drilled holes in the wall of the vessel. 
These holes are conical in cross-section, being wider in the 
inside surface (c. 5 mm) than on the outside surface of the 
vessel (c. 3–4 mm). A diagonal tool mark found on the in-
side of the vessel (Fig. 9, bottom right highlighted section) 

Figure 8. Bogi 1 excavation in progress, 26 March 2010 (photograph by Ian J. McNiven).

Figure 9. The Bogi 1 Square Y XU1 pot after conjoining and conservation, with specific features highlighted (photographs by 
Steve Morton).

0 5
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may indicate that there was a fourth hole on what is now 
the outside bottom edge, and a possible hole of similar tool 
configuration to the three holes described above is present 
in a convex hollow under the rim. The lip is crenellated 
and the body is plain.

XRPD analysis of the ceramic body of the Bogi 1 Square Y 
pot revealed the presence of illite-montmorillomite. These 
minerals decompose at temperatures of 850° C or above 
(Stuart 2007: 35), which would suggest that this pot was 
fired at a lower temperature. 

Large quantities of calcite were also found. Calcite con-
verts to quicklime within the temperature range of 600–
800° C (Rye 1976). If the large quantities of calcite are due 
to temper, as is likely to be the case (see below), firing tem-
perature must have stayed below or near the lower end of 
this range. The ceramic body is soluble in water, suggest-
ing a firing temperature of 600° C or lower; however, this 
statement must be qualified (Unruh 2001: 81). The vulner-
ability of the ceramic to water may be due to degradation 
during burial rather than to the vessel’s firing tempera-
ture. Unburnt organics in the ceramic body suggest a firing 
temperature below 700° C or inadequate firing time. The 
combination of these characteristics lends support to this 
pot being fired at a temperature around 650° C.

The Bogi 1 Square Y pot is likely the result of oxidative 
firing for the reasons argued above. Carbon was found in 

all SEM-EDS scans. Furthermore, the pot has distinct core 
margins that further argue for low firing. 

Optical microscopy, polarised light microscopy (PLM), En-
vironmental Scanning Electron Microscopy Backscattered 
Electron (ESEM-BSE) and ESEM-EDS of a sample of the 
ceramic body revealed a large proportion of temper used 
in its fabrication. Non-plastic inclusions are coarse and 
very angular and include shell, granule and pebble (up to 
2 mm in length). 

What appear to be shell fragments were found through-
out the ceramic body. Examination under PLM shows a 
laminar structure with iridescent areas suggestive of shell 
(Hodges 2000: 172). While calcareous beach sand occurs 
in Lapita ceramics elsewhere (e.g. Kirch 1997: 51–52, 120), 
the analysis of fillers from Lapita sherds from continental 
islands such as those of the Bismarck Archipelago indi-
cates that volcanic islands tend to have volcanic tempers, 
whereas calcareous sands are dominant on limestone is-
lands, generally signalling local production (Summerhayes 
2000b). Analyses of the variety of tempers contained with-
in the Bogi 1 Square Y pot revealed the presence of several 
possible mineral types: calcite, quartz, ilmenite, feldspar 
(albite), aluminium silicates and magnesium aluminium 
silicates. This combination is not common among Lap-
ita ceramics, although similar tempers of Middle Lapita 
contexts have been identified from around Kandrian on 
New Britain, northeast PNG (Summerhayes 2000b). These 

Figure 10. The Bogi 1 Square Y XU1 pot being excavated by Ian J. McNiven (photograph by Michael Bonner).
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minerals are characteristic of both natural impurities in 
the clay and those added as tempers to clay (cf. Buys and 
Oakley 1993: 4; Hodges 2000: 22).

Quartz, feldspar, calcite and ilmenite were found in XRPD. 
The presence of quartz is either due to its natural occur-
rence in clay sources or its addition as a temper (Hodges 
2000: 198). Feldspar found in ceramic bodies is most like-
ly due to its natural occurrence in the clay source (Rice 
1987: 96–97). The presence of calcite (Leach et al. 2008: 436, 
446) and ilmenite is primarily due to their addition as a 
temper or due to calcite being absorbed from burial. The 
occurrence of ilmenite is possibly from the addition of 
volcanic beach sand as temper. Evidence of this has been 
found in other examples of Lapita ceramics elsewhere 
(Dickinson and Shutler 2000: 204; Leach et al. 2008: 436, 
446), but volcanic beach sand is not known to occur at 
Caution Bay.

Dimple marks on the internal surface of the Bogi 1 Square 
Y pot indicate the use of paddle and anvil manufacture. 

One hundred and sixty-eight AMS radiocarbon determina-
tions from Bogi 1, each on a single piece of charcoal (60 
dates), shallow marine shell (103 dates) or sea urchin exo-
skeleton (5 dates) firmly date the pot to 2900–2800 cal. BP 
(McNiven et al. in preparation; see Petchey et al. (2013) 
for deltaR values for the shells). The pot comes from the 
Middle Midden Horizon (SU7b) at Bogi 1, a well-defined 
stratigraphic horizon spanning c. 155–130 cm depth, dat-

ing to 2900–2600 cal. BP and containing numerous sherds 
with characteristic Lapita decoration. This Lapita horizon 
is culturally rich, a compact but poorly consolidated dark 
aeolian sand layer with large numbers of shell, pottery 
sherds and stone artefacts. It is stratigraphically preceded 
by pre-ceramic levels going back to at least 4200 cal. BP, 
and followed by overlying post-Lapita levels.

Bogi 1 Square F XU14 (in situ items 1–21).

This is a shoulder-carinated pot with a collar and a globu-
lar base reconstructed from 23 conjoining sherds (Fig. 11); 
10 additional rim and body sherds belonging to this pot 
could not be conjoined. The pot comes from the Bogi 1 
Middle Midden Horizon (SU7b) and dates to 2900–2800 
cal. BP (see above). The sherds were found in situ as a pur-
posefully placed vertical stack lying flat at a depth of 150 
cm to 140 cm in Square F (Fig. 12). On excavation, the 
sherds were covered with a film of calcareous accretion of 
relatively consistent thickness preventing conjoining and 
determination of surface and core colours. The accretion 
was removed during conservation so that the sherds could 
be conjoined. Prior to accretion removal, the total weight 
of the sherds making up the conjoined pot was 1113.2g, 
with a reduced total weight of 1074.4g after conservation 
removal of the calcareous accretion (weights exclude con-
servation adhesive and fill).

Once reconstructed the pot is not quite circular in plan 
view at the lip, with a slight ovoid shape. The pot is 14 cm 

Figure 11. The Bogi 1 Square F XU14 pot after conjoining and conservation (photograph by Steve Morton).
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in height, has an orifice diameter of 26 cm along its maxi-
mum axis and a minimum of 19 cm in the perpendicular, 
orientation angle of 45°, flat lip profile, convex rim course 
and predominantly parallel-sided rim profile with a 1 cm-
long rim and 4 cm-long collar. The wall thickness varies 
from 5–7 mm at the lip, 5–6 mm at the rim, 6 mm at the 
neck, 5–7 mm at the collar, 10–13 mm at the carination 
and 6–12 mm on the body. The surface colour is dark red 
brown to red brown to dark brown to brown (Munsell = 
5YR 3/2–4/3 to 7.5YR 3/2–4/2), varying slightly depend-
ing on the area under examination. The lip has shallow 
grooves impressed along the inner edge to less than half-
way across the lip’s width, and the body has traces of red 
slipping on its external surface (Figs. 6 c and 11). 

The Bogi 1 Square F pot was fired in oxidising conditions 
with incomplete oxidisation of the carbon; the core is very 
dark gray (7.5YR 3/1) and distinctly different to the colour 
on the subsurface (visible where there is surface loss) (see 
discussions of the Tanamu 1 Square N and Bogi 1 Square 
Y pots above for indicators of firing). The margins of the 
core are distinct and diagnostically indicate that the vessel 
was fired in an open fire followed by very rapid cooling 
in air. The inside core margin is smaller in some areas, 
indicating that the interior was either cooled more quickly 
or, more likely, was less accessible to air, i.e. that it was in-
verted during firing.

Optical microscopy of a sample of the ceramic body re-
vealed a large proportion of temper used in its fabrication. 

Non-plastic inclusions are coarse and very angular and 
include shell, granule and pebble (up to 2 mm in length). 
The estimated percentage of inclusions is 20% (following 
Matthew et al. 1991). 

The wall of one side of the vessel is thinner than the other 
side. The interior of the pot is highly eroded, and dim-
ples can barely be discerned by touch. However, paddle 
and anvil manufacture is apparent through variations in 
wall thickness; strong lamination is visible along break 
edges, and are associated with elongated voids and lami-
nar sherd-edge fracture. Small stone inclusions are found 
throughout break edges.

Discussion

Across the western Pacific, the undecorated body wares 
within Lapita assemblages are still in need of detailed 
consideration (but see Summerhayes (2000a, 2000b) who 
has especially alerted researchers as to the importance of 
plainwares in Lapita assemblages). Dentate-stamped Lapi-
ta ceramics receive most of the attention in Pacific archae-
ology, limiting the full understanding of Lapita chronology 
and post-Lapita developments (Bedford and Sand 2007: 6; 
Kirch 1997: 146, 2000: 102). As widely recognised, there is 
in most regions a range of other decorative techniques 
(and plainwares) that are used during the same period of 
dentate-stamping.

Although there is a significant and growing literature dis-
cussing post-Lapita ceramics (i.e. after the abandonment 
of dentate stamping for a ‘dentate-centric’ view of Lapita 
– the ‘narrow definition’ – and after the demise of vari-
ous formal conventions for a ‘broad definition’ that sees 
many elements of Lapita other than dentate stamping to 
continue over a longer period of time; the latter is particu-
larly relevant to the Bismarcks) (e.g. Bedford 2006; Gar-
ling 2003; Sand et al. 2011; Summerhayes 2000b), much is 
still desired on the nature of undecorated ceramics within 
Lapita across space and time.

A variety of vessel forms and sizes encompass the Lapita 
ceramic series across the western Pacific, but no single 
Lapita assemblage includes all varieties of form and size 
(Kirch 1997: 120). Decorated ceramics typically comprise a 
range of diverse vessel forms and attributes, while undec-
orated vessels within Lapita assemblages are sometimes 
seen as utilitarian ware, generally displaying a restrict-
ed range of vessel form variation and attributes (Kirch 
1997: 146). Although more in-depth studies of undecorated 
ceramics are needed, there appears to be a range of un-
decorated vessel body forms present in the Lapita phase, 
and these are usually taken to signal utilitarian require-
ments (Burley 1998: 353; Kirch 1988: 156–167; Kirch and 
Green 2001: 168–169; Poulsen 1987: 86–113; Summerhayes 
2000a: 292). The most common vessel types were plain 
globular pots with everted rim orientations, along with 
pots with shoulder carinations, narrow-necked water pots 
with handles and pots with collars. Various bowls and cups 
were present along with flat-bottomed dishes with everted 

Figure 12. The Bogi 1 Square F XU14 stacked sherds during 
excavation. Scale in 10 cm increments (photograph by Ian 

J. McNiven).
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sides, pot stands and pedestalled vessels. In addition, some 
of the jars and bowls had red slips and there is often minor 
decoration on the lip. 

Collared pots with plain bodies are known from Lapita 
assemblages across the western Pacific, including carinated 
and uncarinated forms of similar shape and size to those 
reported here from Caution Bay. Some examples include 
plain-bodied carinated pots from Mussau, the Arawe Is-
lands and Anir in the Bismarck Archipelago (Summer-
hayes 2007: 146), collared pots with shoulder carinations 
from Sigatoka, Fiji (Birks 1973: 25, 98–99), and undecorated 
collared pots from Tonga (Connaughton 2007: 207). For 
West New Britain, Summerhayes reports that while gener-
ally speaking ‘decoration and vessel form are highly cor-
related’, Form V jars – which possess pronounced collars 
and carinations – represent a ‘major component’ of Lapita 
assemblages and ‘the non-dentate assemblage [including 
plain body wares] in terms of vessel form does not change’ 
(Summerhayes 2000b: 231). He suggests that ‘dentate ves-
sels were initially a specialised component, being added 
onto an assemblage of plain and decorated jars, plain glob-
ular pots and plain spherical pots’. Thus, there is ceramic 
diversity within Lapita assemblages, notably dentate and 
non-dentate vessels (Summerhayes 2000a: 303) but also 
a large undecorated component with attributes similar to 
decorated vessels, and with different rates of change and 
continuity through time. 

Relative to vessel form, inferences into the possible func-
tion of vessels are largely based on broad site contexts, eth-
nographic analogues and archaeological comparisons of 
ceramic use elsewhere in Oceania (Allen 1984; Hiroa 1930; 
May and Tuckson 1982; Roth 1935; Summerhayes 2000b). 
While little research has been undertaken on vessel func-
tions specifically through analyses of Lapita ceramic re-
mains, more general ceramic research suggests that bowls 
such as those discussed here may have functioned in a 
capacity to serve and process food (Rice 1987: 238). They 
are also functionally suitable for short-term storage and/
or presentation. 

The fact that one of the Bogi 1 pots was stacked in a heap 
of sherds and the Tanamu 1 pot was upturned is intriguing 
and arguably not related to random midden dumping. The 
stacking of sherds such as at Bogi 1 has been documented 
elsewhere, such as at the Sigatoka sand dune site VL 16/1 
(Gifford’s Site 20) in Fiji (Burley and Shortland 1999:figs. 
18, 19).

The Bogi 1 Square Y globular pot is of particular interest 
because it contains pre-fired holes, possibly indicating the 
addition of decoration or above-ground storage. Perfo-
rated holes on dentate-stamped vessels are known right 
across the region of Lapita distribution. For example, two 
perforated sherds (one dentate-stamped, one incised) were 
found at sites FCR/FCS on the Talasea area mainland and 
FEA on Boduna Island nearby (West New Britain) (Specht 
and Torrence 2007: 144; see also Bedford et al. 2010; Sand 
2010), and perforated vessels are known from a range of 

places across the western Pacific in post-Lapita times (cf. 
May and Tuckson 1982).

The widespread nature of the major characteristic ves-
sel shapes across the entire geographical expanse of the 
known Lapita world, covering earliest to latest times, rap-
idly followed by the almost total disappearance of col-
lared and shoulder-carinated forms in post-Lapita times 
across much of the western Pacific, indicates that such 
plain body wares need to be understood in the context 
of a socially and culturally connected Lapita realm. Cari-
nated shoulder-sherds are a feature often associated with 
dentate-stamped pots (Kirch 1997: 120, 157). Both collars 
and shoulder carinations themselves seem to be platforms 
from which, and possibly for which, to decorate pots, de-
fining critical morpho-decorative boundaries. For exam-
ple, on Lakeba (in the Lau Group, Fiji) Best (1984: 293, 295) 
illustrates that carination is abandoned soon after dentate-
stamping ceases. In relative terms, as dentate stamping de-
clines so too does collaring and carination across much 
of the Lapita world (where appropriate and reliable chro-
no-stratigraphic evidence has been presented), although 
there is also evidence of carination with incision continu-
ing after the dentate phase in a number of regions (e.g. 
Vanuatu [Bedford 2006]; New Caledonia [Sand 2010]). 
Furthermore, the last signs of dentate-stamping in some 
areas occur on globular out-curving rim vessels (Bedford 
and Galipaud 2010; Sand 2010).

In Caution Bay, while collared pots with carinated shoul-
ders are common during the Lapita period, here dated 
from c. 2900 to 2600–2500 cal. BP (the exact timing of 
termination of various Lapita conventions at Caution Bay, 
whether closer to 2600 or 2500 cal. BP, is the subject of cur-
rent detailed investigations), both collaring and shoulder 
carinations disappear entirely at the same time as Lapita 
dentate stamping also disappears. It is also notable that 
dentate stamping and other forms of body decoration 
(predominantly parallel and patterned curvilinear impres-
sions made by thin, arced objects) here occur predomi-
nantly on collars and shoulders, terminating at the carina-
tion (i.e. decoration occurs on where it is most visible). The 
distinctive culture of pottery-making in this geographical 
region of the Lapita world thus not only involved decora-
tive conventions but also vessel forms by which decora-
tion was spatially structured as latitudinal bands, together 
articulating as common Lapita practices in a broader geo-
graphical and conceptual realm. The fact that at Caution 
Bay 1) pots with plain bodies and decorated pots are of-
ten of similar shapes; 2) those shapes (among the collared 
and shoulder-carinated pots) guide the arrangement of 
decoration on a pot; and 3) pots with collars and shoulder 
carinations cease at exactly the same time as Lapita deco-
ration ceases, suggests that the particular shape of such pots 
emerged historically to accommodate characteristic Lapita 
decoration (dentate-stamped decoration also occurring on 
other ceramic forms such as stands, flat dishes and bowls 
during Early Lapita times elsewhere notwithstanding (e.g. 
Summerhayes 2000: 232)). It is significant to note here that 
while Lapita decoration and collars-shoulder carinations 
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disappear at the same time at Caution Bay, post-Lapita 
decoration here occurs into ethnographic times, with the 
Lapita and post-Lapita decorative traditions being sepa-
rated by a few hundred years of undecorated vessel bodies 
(sometimes with lip notching) only. In Caution Bay what 
most notably changes formally at the end of Lapita are 
collars and carinations, within the span of a single human 
generation (the calibrated radiocarbon dates from the 
sites analysed so far indicating within a period less than 
50 years) giving way to uncollared-uncarinated globular 
everted pots with necks (sometimes with very long rims) 
and undecorated bodies, eventually developing to a total 
predominance of the highly standardised Motu uro of eth-
nographic times. This suggests that collars and carinated 
shoulders had a fundamental role to play in the display of 
Lapita decoration and the social signalling that went with 
this, with similarly shaped plain body wares following a 
more generally-applied tradition of Lapita pot-making. 
In Lapita times, at Caution Bay carinated pots with collars 
were a standard form irrespective of the presence of body 
decoration (we will present the site-by-site evidence and 
address relationships of temporal trends in pot shapes/
body decoration/lip decoration at Caution Bay in detail 
elsewhere). 

Lapita plainwares were part of a standard range of pot 
shapes merely without decoration, and the ending of these 
vessel forms at Caution Bay at, or about, the same time as 
their ending further to the east suggests that the Lapita 
peoples of Caution Bay maintained chains of connection 
with other (proximal?) Lapita communities at least until 
the end of the Lapita ceramic tradition. We note here the 
presence of other Lapita communities nearby, as evidenced 
by Egloff ’s (1979: 29, 69–70) undated or poorly dated but 
arguably Lapita pot stands from the Collingwood Bay area 
and Negishi and Ono’s (2009) Wari Island finds (see also 
Skelly in preparation). However, in Caution Bay such east-
ward contacts continued well into the post-Lapita period 
(e.g. as evidenced by the presence of obsidian from Fer-
gusson Island at Caution Bay sites, and shared subsequent 
ceramic traditions). A key to understanding the ending of 
Lapita traditions are the ways that their transformation 
into something else in one area articulated as networked 
transformations further afield, a point well understood in 
Pacific archaeology generally (e.g. Summerhayes 2000b; 
Summerhayes and Allen 2007; Wahome 1997, 1999). Our 
documentation of Caution Bay’s plain body wares, as well 
as decorated forms and ceramic technologies, is one step 
towards better understanding such nested-scale transfor-
mations.
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Diving for pottery: Lapita in Jacquinot Bay, 
East New Britain, Papua New Guinea

Matthew G. Leavesley1 & Andrew Sarar2

Introduction

Although the Bismarck Archipelago is well known for 
Lapita archaeology, within New Britain research has fo-
cussed on only a few selected  areas: the north eastern 
tip of East New Britain including the offshore islands of 
Watom (Anson et al. 2005) and the Duke of Yorks (White 
2007); the Willaumez Peninsula and surrounds (Specht 
and Summerhayes 2007, Specht and Torrence 2007 a and 
b); the coast west of the Willaumez Peninsula along the 
Kove/Kombe coastline (Lilley 1991);  and the south west 
coast from the Arawe Islands to  Kandrian (see Summer-
hayes 2000 for an overview). These regions have provided 
a vast quantity of archaeological data reflecting human be-
haviour, including pre-Lapita, Lapita and post-Lapita. One 
area, however, that has seen relatively little attention  is the 
Pomio District, the south coast of East New Britain. Apart 
from a reconnaissance expedition by Specht over 40 years 
ago, little archaeological research has been undertaken in 
the Pomio District and relatively few archaeological sites 
have been recorded for the region. In this short paper we 
introduce a new Lapita site from Jacquinot Bay.

Jacquinot Bay

The Jacquinot Bay is located on the Southeast coast of New 
Britain. It is ~190 km from Watom and ~240 km from Kan-
drian ‘as the crow flies’. At the eastern end of Jacquinot Bay 
is the District Administrative centre at Pomio after which 
the District takes its name. The entire Pomio District has 
a limestone substrate (Löffler 1977: 37). 

The western end of Jacquinot Bay it has a relatively nar-
row stretch of beach fringed with coral reef. Inland the 
hills rise fairly sharply to mountains within a few hundred 
metres of the beach (Fig. 1). There are no off-shore islands 
in Jacquinot Bay, nor low coastal hills that may have once 
been islands during the late-Holocene period. There are 
a number of villages located on the narrow coastal strip 
to the west of the Liton River mouth. The main villages 

1 School of Arts and Social Sciences, James Cook University
2 School of Humanities & Social Sciences, University of Papua 

New Guinea

are called Bain and Malakur. Unlike the Gazelle and Wil-
laumez Peninsula, the Pomio District has little evidence 
of recent volcanic activity nor does it have many off-shore 
islands. In regards to Lapita, it is the lack of off-shore is-
lands that most likely explains the lack of archaeological 
attention to the district thus far.

The inland mountains located at the north-western end 
of Jacquinot Bay are drained by two major rivers, namely, 
the Galowe and Iowa Rivers. The Galowe River has a rela-
tively large delta upon which is the aptly named Galowe 
Plantation. Between these rivers are a number of smaller 
rivers that drain the coastal hills that are not captured by 
the major rivers. One such river emerges from a cave ~1 
km inland from the beach and is known as the Liton River.

The Liton River mouth site

The pottery described here was originally identified by one 
of us (AS) and collected from the riverbed at the mouth of 
the Liton River. The precise location of its primary deposi-

Figure 1: Map of site location at the western end of Jacquinot 
Bay, Pomio District, New Britain, Papua New Guinea.
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tion is not currently known and consequently we cannot 
directly date the pottery at this stage. 

The pottery assemblage currently held at the University of 
Papua New Guinea archaeology laboratories consists of 
185 individual fragments weighing 2039 grams. Some frag-
ments have extremely rounded edges while others do not. 
Decoration found includes dentate-stamping, and incised 
motifs. Three sherds have appliqué. One unique sherd 
(Fig. 2) has a design similar to that found from the Arawe 
site of Adwe found in an Early Lapita context (square 
F12 spit 3 – see Summerhayes 2000 and Phelan 1997: 119). 
The sherds are variously coloured grey through to brown. 
Some sherds have a dull reddish-brown slip on the exter-
nal (convex) surface while at least one sherd has slip on 
both sides. There is no evidence of the characteristic bright 
red slip or lime infilling of the motifs that are common on 
Lapita pots. A small number of rim fragments are present, 
one of which is characteristic of a pot stand. Of those large 
enough to provide reasonably accurate orifice measure-
ments range from 23 to 34 cm in radius. 

Dentate sherds

The assemblage includes four sherds with dentate motifs 
(Fig. 3 and Fig 4). All are grey (GLEY 5/1) in colour. They 
have calcareous sand temper with no obvious evidence of 
volcanic input. All four exhibit open dentate decoration. 
The largest has a maximum length 18 cm. They also vary in 
thickness from 8 mm (min.) to 32 mm (max.). The broken 
edges of the sherds are relatively jagged and angular.  The 
rim is absent but the curvature of the neck has an orifice 
radius of 28 cm. Immediately above the carination is a se-
ries of double dentate lines that collectively reflect a zigzag 
pattern. Below the carination there are a series of dentate 
arcs and straight lines. The body sherds exhibit a series 

of single dentate arcs that appear to radiate from double 
dentate curved lines.  

While the sherds are yet to be fully analysed all four are 
consistent in colour, texture, morphology and decoration 
and therefore may well have originated from a single glob-
ally pot. 

Discussion

The pottery was recovered from the bed of the Liton River. 
A large proportion of the assemblage reflects evidence of 
rolling. The large size of the Lapita sherds and the angular 
nature of the fractures reflect limited ‘rolling’ and suggests 
that they were in the river bed for a relatively short pe-
riod of time before retrieval. They are most likely to have 
originated from previously relatively stable in situ deposits 
nearby. The most parsimonious explanation for their de-
posit in the river bed is as the product of erosion caused 
by a recent alteration of the river course. Given that Lapita 
sites are conventionally coastally oriented coupled with 
the short (above ground) length of Liton River the most 
parsimonious explanation is that the original deposition 
of the pottery is located in or immediately adjacent to the 
beach itself. 

The presence of dentate-stamped decoration is a strong 
indication that these sherds are from the Lapita Cultural 
Complex. Similar motifs have been reported from  Kreslo 
(FNT) (Specht 1991), and Apalo (FOJ) site on Kumbun Is-
land in the Arawe Group (Summerhayes 2000). Unlike 
Early Lapita which has relatively dense motifs, the Liton 
River motifs are relatively open and are therefore thought 
to be consistent with Middle Lapita, perhaps in the order 
of 3100/3000–2900/2800 cal. BP (pers comm. Glenn Sum-
merhayes 12/09/12). 

Figure 2: Liton River mouth incised and notched sherd.
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Lapita is most commonly associated with the occupa-
tion of relatively small and isolated off-shore islands. The 
likelihood of this pottery coming from such a locale is 
highly unlikely. This is because the local geography does 
not suggest the likelihood of any such island occurring at 
or nearby the mouth of the Liton River. On this basis we 
suggest that the pottery might reasonably be interpreted 

as being derived from a mainland New Britain context.  

Further investigations are planned in order to determine 
the stratigraphic origin of these sherds (before they en-
tered the river) and the extent of the site both in time and 
space.  

Figure 3. Liton River mouth dentate-stamped sherds.

Figure 4. Liton River mouth dentate-stamped sherds.
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Examining the Dispersal of Domestic Chickens 
into and around the Pacific Before and After 

European Contact: A case study from the 
Santa Cruz Islands

Scott Harris,1 Roger C. Green & Alice A. Storey2

Introduction

A comprehensive investigation of potential agents and 
ports of introduction of chickens into the Santa Cruz 
Islands has never been undertaken before. While early 
European trade with the indigenous populations of the 
Santa Cruz Islands needs to be examined thoroughly, 
other instances of contact also extend our understanding 
of the history of human/chicken interactions. This study 
is unique in that it was extended to include contact with 
missionaries, slavers, traders and whalers, military vessels, 
World War II military shipments and secondments, aid 
agencies, as well as introductions by contemporary com-
mercial chicken operations. In this brief review over 3000 
years of chicken introductions and translocations are ex-
plored from first Lapita settlement through to the present. 
It would be impossible to detail every instance in which a 
chicken was introduced to or moved from an island but 
this overview illustrates the dynamic nature of the history 
of one domesticate in a Pacific archipelago and illustrates 
the complexity of human/animal interactions across the 
prehistoric/historic divide. 

Archaeological and linguistic evidence supports the view 
that the Lapita peoples had a variety of plants and ani-
mals that were regularly moved from place to place and 
were included in what can be described as a transported 
landscape (Kirch 1997; Baldwin 1990). Initial studies have 
revealed that the transported landscape included a variety 
of plants and animals including; domestic or tamed pigs, 
dogs and chickens carried as part of the colonisation pro-
cess (Oliver 1989).

Recent studies have revealed that the transportation of 
plants and animals into the Pacific by the Lapita peoples 
was significantly more complex than originally believed 

1 Department of Archaeology and Palaeoanthropology, School 
of Humanities, University of New England, Armidale, New 
South Wales 2351, Australia. 

2 Archer CRM Partnership, Fort St. John, British Columbia

(Matisoo-Smith 2007; Storey et al. 2008). Recent evi-
dence does not support the view that there was a single 
unified conlonization package of plants and animals that 
the Lapita peoples brought with them during initial set-
tlement (Baldwin 1990). These studies suggest that the 
plants and animals the Lapita people brought with them 
differed from island to island (Anderson 2009; Baldwin 
1990; Giovas 2006; Intoh 1986; Kirch 2000; Storey et al. 
2008; Wickler 2004).

Chickens were introduced to Near Oceania, by humans, be-
fore 3000 BP and yet their remains have only rarely been 
recovered from Near Oceanic archaeological sites (Storey 
et al. 2008). The earliest date for their introduction to the 
Pacific awaits direct attestation from the sites of Talepake-
mali and Etakosarai in Mussau (Kirch 2001). It has been 
suggested that chickens were among the first animals intro-
duced to new islands and served as the establishment spe-
cies during the period in which surpluses that could sup-
port pigs and dogs were accumulated (Kennett et al. 2006).

Understanding human animal interactions requires care-
ful consideration of the archaeological, historical, and 
ethnographic evidence. Chickens have been recovered 
from archaeological excavations in several islands of the 
Santa Cruz archipelago and were also introduced in the 
post-contact period. In prehistory a great deal of evidence, 
particularly of butchery, demonstrates that chickens were 
utilized as a food source (Steadman et al. 2002).Their 
bones were used for as raw materials for the production 
of objects such as musical instruments, and needles 
for tattooing and sewing (Rorrer 1998; Steadman 1997; 
Steadman et al. 2002). Chickens were also used in rituals 
during the ethnographic period (Baldwin 1990) and 
their feathers were used in the production of costumes 
(Baldwin 1990; Rolett 1998; Steadman 1997). In-depth 
studies of the archaeological distributions and ancient 
DNA signatures of chickens in the Pacific has been used to 
reconstruct some aspects of human colonization and later 
trade and exchange (Storey et al. 2007; Storey et al. 2008; 
Storey 2009; Storey et al. 2010) and we build upon those 
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ideas in this paper. After initial contact with the Spanish, 
specific introductions of chickens can be identified using 
documentary evidence. Combined with data from the 
archaeological record the origins of chickens in the Pacific 
can be examined from first settlement, though the changes 
of the historic period, and to the present. Examining 
the archaeological and historical evidence allows us to 
speculate about the importance of chickens to different 
groups of people and also potential changes in cultural 
values related to poultry through time. 

The dividing line between prehistory and history for the 
Santa Cruz Islands is AD 1595, when Alvaro de Mendaña 
arrived on the island of Nendö (Markham 1904). After 
this point ethnographic records are available to add to 
our understanding of how people were interacting with 
one another and with chickens in the protohistoric period 
and beyond. For example Graebner (1909) observed that 
the people of Santa Cruz rarely ate chickens, and never ate 
eggs. He suggested that this might be related to totemic 
affiliations with the domestic fowl. In the exogamous 
totemic system practiced on the islands social groups were 
tied to various animals including kuli, the dog, and kio, 
the chicken. Clan members were forbidden from eating 
their totem and husbands were required to respect the 
totems of their wives (Graebner 1909). Firth (1957) also 
noted an affiliation between birds and spiritual attitudes 
and linked this to the fact that few birds were included 
in the regular Tikopian diet. Graebner (1909) also noted 
the importance of chicken feathers in the construction 
of head-dresses.

This project began as the background investigation for a 
DNA study comparing ancient and modern chickens from 
the Santa Cruz Islands. It has been noted in several studies 
that the genetic patterns of modern domestic animals 
are part of a palimpsest assemblage and the underlying 
complexities must be understood to ensure that the genetic 
data is being properly interpreted (Jobling 2012). Therefore, 
it was important to explore all the potential agents of 
introduction for chickens to the Santa Cruz Islands from 
earliest settlement to the modern day before proceeding 
with the interpretation of modern genetic data from 
contemporary chicken flocks. However, as the research 
was being undertaken it became clear that the study 
had a much broader appeal and impact. Understanding 
the translocation of chickens in the prehistoric and 
protohistoric periods can help archaeologists understand 
the trade and exchange networks that involved the 
movement of domestic animals, and so tell us something 
about ancient human behaviour. Interactions between 
foreign visitors and indigenous groups are also of interest 
to archaeologists as well as historians and interactions 
in the early post-contact period in the Americas, 
involving the European transported landscape have been 
investigated by several archaeologists (Reitz and Scarry 
1985; Deagan 1983; deFrance 1996).

Aid Agencies and Non-Government Organizations, such 
as the Food and Agricultural Organisation (FAO) now 

work in developing countries to promote indigenous 
horticultural systems and farming. Aid groups are 
interested in ancient use of domestic animals, the sources 
of introduction of modern populations, their breeds, 
and the complex interactions of people with domestic 
animals both ancient and modern (Nonga and Keqa 2004). 
Therefore this study of the archaeological distribution of 
chicken remains and historic literature related to later 
introductions has much to offer. It may also serve as a 
case study for the sort of multi-disciplinary research 
necessary to document the introduction and translocation 
of domestic animals in Pacific Island environments.

Archaeological evidence for chicken in the 
outer Eastern Islands of the Solomons

The chicken was first introduced to the Outer Eastern Is-
lands of the Solomon Island chain more than 3000 years 
ago. A directly dated chicken bone from Nenumbo dem-
onstrates this occurred no later than 3150 to 2850 cal. BP 
[3047±25 yrs BP (NZA26177) ΔR of –81 ± 64]  (Jones et al. 
2007; Beavan-Athfield et al. 2008). Contextually secure 
chicken bones have been recovered from multiple archae-
ological sites in the region, primarily during excavations 
carried out as part of the Southeast Solomon Islands Cul-
ture History Project. 

Archaeological evidence from the Santa Cruz Islands

The Santa Cruz group is dominated by the main high vol-
canic island of Nendö and its small adjacent raised coral 
islands, Tömotu Neo and Tömotu Noi. The group includes 
the islands of Vanikoro, Banie, and Teanu as well as the 
island of Utupua (Fig. 1). In addition the Polynesian outlier 
islands of Anuta and Tikopia are also defined as part of the 
Santa Cruz group and have the distinction of being settled 
first by people carrying the Lapita cultural complex and 
later by Polynesians (~750 BP) (Kirch 2000).

In the Santa Cruz Island group, chicken bones have been 
recovered from a number of site assemblages. Chicken re-
mains associated with Lapita style pottery dating from ca. 
3100 BP to 2600 BP were found in sites SE-SZ-33 (Mdailu), 
Layer V and SE-RF-2 (the Nenumbo site) on the islands 
of Nendö. Chickens persisted into the Plainware period 
dating from 2600 to 1900 BP at Mdailu (Layers I, II and 
IV). The identification of chickens from these sites was un-
dertaken by the late Alan Ziegler (2002) and supported by 
their subsequent examination at the University of Auck-
land by AS. Other possible chicken bones from Plainware, 
as well as the much later non-ceramic sites in this group 
await identification by Pacific avifaunal specialists (Do-
herty 2007).

Utupua and Vanikoro 

Archaeological investigations of Utupua and Vanikoro are 
still in the preliminary stages. Decorated Lapita sherds 
have been recovered from submerged locations on one 
of the islands of Vanikoro (Galipaud and Foanaota 2005 
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(ms)), but the best documented archaeological assemblage 
was recovered from sites on the islet of Teanu particularly 
the Emo Dune site (VK-10) (Kirch 1983: 85–97). In that 
multi-layered site Gallus gallus was securely represented 
by eight chicken bones recovered from its earliest occupa-
tion. The lowest levels of the Emo site’s stratigraphic units 
date to 1800 to 1900 years BP (Kirch 1983: 96). A single 
bone recovered from a later period of prehistory has so far 
only been identified as belonging to a Galliform and thus 
it is not clear if populations of chickens persisted past the 
early settlement phase (Kirch 1983:93).

Tikopia

The faunal remains from the excavations by Kirch and Yen 
(1982) in a number of sites on the larger island of Tikopia 
also yielded reliably identified bones of Gallus gallus from 
all three phases of the cultural sequence. These ranged in 
density from less than 0.5% to 1.1% of the total bones re-
covered. The earliest chicken bones occur in assemblages 
together with the Lapita ceramics of the Kiki phase dating 
from 2850 to 2050 BP Small numbers of chicken bones 
also appeared in the following Sinapupu Phase which is 
dominated by potsherds from vessels of Vanuatu origin. 
Chicken bones continue to occur in the same low frequen-
cy in the non-pottery assemblages making up the Tuaka-
mali Phase, a period strongly associated with the ancestors 
of its present day Polynesian speaking inhabitants. The 
cultural intrusion does not seem to have had a marked 
influence on the consumption of chickens. A continuous 
presence of chicken populations in Tikopia is likely to ex-
tend to at least 500 BP. The modern European contact pe-
riod for that island began when Quiros arrived in AD 1606 
(Kirch 2000; Kirch and Yen 1982). Unfortunately Quiros 
did not go ashore and therefore did not provide records 
of the fauna of Tikopia. As will be discussed in more detail 

in the historic section of this paper there were no chickens 
on the island when Dillon arrived in the 1800s.

Anuta

The excavation of the coastal site of An-6 on the island of 
Anuta resulted in the recovery of bird bone from each of 
the midden layers, increasing in abundance through time. 
When the excavation report was published, Kirch and 
Rosendahl (1973) remained cautious and stated they ‘were 
uncertain’ about the presence of domestic fowl among the 
avian remains. More recent inspection of these faunal re-
mains in the Bishop Museum collections has identified 
probable Gallus gallus bones in varying quantities from 
several test pit assemblages that are now awaiting confirm-
ing analyses. These should establish the presence of the 
chicken on Anuta by at least 2850 BP (Kirch 2000).

The Duff Group

The eleven islands of the Duff Group are in the Temotu 
province of the Solomons, located just northeast of the 
main Santa Cruz Islands. Very few excavations have been 
carried out in this region and none have yet been extend-
ed to the atolls.  Excavations of the two main islands of 
Taumako and Lakao have been undertaken by Leach and 
Davidson (2008). No chicken bones were recovered from 
those excavations (Leach and Davidson 2008). However 
the absence of chicken bone in their midden samples is 
more likely to be due to the poor preservation of bone 
samples and not due to a true absence of the domestic 
fowl in prehistory. A habitation site dating to the early 
historic period, excavated by Leach and Davidson (2008), 
contained extensive marine shell but yielded only a mea-
gre number of bone specimens, none of which could be 
identified as chicken. 
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Chickens were not present at the time Leach and Davidson 
(2008) undertook their research in Taumako but Spanish 
accounts place chickens on the island in A.D. 1606. Quiros 
specifically noted that ten cocks were killed and cooked 
for consumption during their stay in the Duffs but that 
the hens on the island were hidden away from the Spanish 
(Markham 1904). Fox (1917) provides further affirmation 
of the chicken’s continuing presence in Taumako into the 
early 20th Century when he learned that the chicken in 
that island group in fact served as one of the island’s clan 
totems and went by the indigenous name kio.

Interregional Contact and Exchange

People were very likely moving chickens between islands 
as they engaged in both regional and inter-archipelago ex-
change in formalized and opportunistic trading relation-
ships. Local and long distance exchange has been docu-
mented in the archaeological and ethnographic record. 
For the prehistoric period in Santa Cruz Green (1996) has 
defined four levels of exchange and outlined the sorts of 
materials that moved within and between islands and ar-
chipelagos. These examples included, transport of obsidian 
from the Banks Islands to Taumako and Santa Cruz, as 
well as the importation of low levels of Furgusson Island 
and Talasea obsidian to Santa Cruz (Davidson 2012; Green 
1996). Pottery was moved in quantity between Santa Cruz 
and the Reef Islands (Green 1996) and in the Sinapupu 
phase Mangaasi style ceramics appeared in Tikopia, along 
with other distinctive aspects of material culture with ori-
gins in Vanuatu (Kirch 1982).There is also good evidence 
for the movement of stone adzes from Samoa to Taumako 
(Davidson 2012) and from Vanuatu to Tikopia (Kirch 1982; 
Kirch and Yen 1982). Green (1996) has even suggested that 
some of the muscovite-garnet-schist found in Santa Cruz 
may have come from New Caledonia. In the Taumako as-
semblage there are also other exotics for which origins 
have not yet been established, thus providing tantalizing 
suggestions of contacts yet to be discovered (Davidson 
2012). Strong evidence also exists to suggest contacts be-
tween the Solomons and the Caroline Islands in prehistory 
(Intoh 1998).

Few discussions of trade and exchange in prehistory in-
clude mention of commensals, although Kirch (1982; 
1986) has examined the potential for novel introductions 
of plants and animals in both Tikopia and Vanikoro. He 
suggested that the Canarium almonds of Vanikoro may 
have been imported from Vanuatu and also speculated on 
the potential of a secondary introduction of mosaic-tailed 
rats from the Solomons in later prehistory. In addition he 
commented on a change in the types of anthropophilic 
land snails over time and linked this with the movement 
of plants. Kirch (1986) also surmised that Tikopians may 
have obtained pigs or at least pig meat from Vanikoro. 
The archaeological remains of commensals do not dis-
play morphological differences that might reveal their 
geographic origins and so it is difficult to document the 
potential for and directionality of movement of specific 
animals; such as pigs and chickens. However, given the 

historical records that will be detailed in the next section, 
it is clear that at least in the protohistoric period the peo-
ple of the Reef and Santa Cruz Islands considered chick-
ens a trade item. It was something they regularly brought 
with them during interactions with Europeans which were 
specifically aimed at trade and exchange (for example see; 
Dillon 1829). 

In order to understand the potential for prehistoric trans-
fers of chickens, one must investigate the potential routes 
by which chickens may have been moved in prehistory; 
this is most easily done by examining the routes revealed 
through the transport of exotic artefacts to reconstruct 
trade relationships. The Santa Cruz Islands provide an 
excellent starting point to examine the utility of such an 
endeavour for the Pacific as trade and exchange relation-
ships have been studied carefully by several scholars for 
the prehistoric, protohistoric, and ethnographic periods 
(Kirch 1986; Clark 2003; Green 1996).

Clark (2003) has carefully examined the trade and ex-
change relationships which are revealed by the study of the 
movement of exotic European artefacts from the wreck 
of La Pérouse’s ships. He found that the historic artefacts 
moved more readily through less formalized opportun-
istic trade between Vanikoro and Tikopia, than they did 
through well established formal channels, including those 
that existed between Santa Cruz and Vanikoro. Clark sug-
gested that the trade in red feathers between Vanikoro and 
Santa Cruz was separate from the feather money system 
and thus there was an institutionalized notion of what 
could be traded between certain islands and island groups.

Another potential source of chickens that will be difficult 
to distinguish archaeologically are drift voyages and acci-
dental contacts between the Santa Cruz Islands, and Tiko-
pia in particular, from a range of places in West Polynesia, 
including Rotuma, Samoa, ‘Uvea and Tonga. Firth (1957) 
recorded oral traditions relating to such contact and re-
vealed that Tonga was where one of the four chiefly lines 
of Tikopia was thought to have originated.

Documenting Sources for Post-contact Introductions 
of chickensto the Reef/Santa Cruz

There are many potential agents for the introduction of 
chickens to the Solomon Islands after AD 1595. In the 
post-contact period not only are chickens likely to have 
been moved by indigenous people but records exist for 
their translocation by foreigners. A detailed summary of 
the explorers and missionaries in the region is provided 
by Doherty (2007).Other potential agents of introduc-
tion include World War II Army regiments, international 
aid agencies often directed by the FAO, and commercial 
chicken suppliers who employ industrial style production 
to provide meat and eggs to the Solomon Islands and be-
yond. Each of these agents had the potential to initiate the 
movement of chickens in or out of the islands and these 
are often predicated by different motivational factors.
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Chickens are described as ‘native’ and abundant across the 
outer eastern islands in accounts by 19th Century Euro-
pean visitors to the Solomon Islands. The earliest reports 
of native fowls were made by the Spanish when they ar-
rived on the island of Nendö in the Reef/Santa Cruz Island 
group (Allen 1976). These were described as ‘fowls of Cas-
tille’ by Quiros (Markham 1904) and ‘common barn door 
fowl’ by Dillon (1829) and the descriptions may also imply 
that the descendants of the prehistoric chickens of Nendö 
were white in colour (Markham 1904; Burney, 1967 [1803]).

After the Spanish reports of the early 1600s no further 
mention is made of chickens in the Solomons for over 
one hundred years until Peter Dillon’s 1827 account. The 
missionary and ethnologist, Rev. Robert H. Codrington 
observed that, in the decades immediately before A.D. 1891, 
‘the rapidity with which imported fowls have replaced the 
indigenous breed is remarkable’ (Codrington, 1972:18). In 
the Solomon Islands the replacement seemed to have oc-
curred in only thirty years and in ports commonly visited 
by European sailing vessels. He did note that there were 
still some fowl which he regarded as native on Santa Cruz 
in the late 1800s. Otherwise, Codrington was unable to 
recollect having seen native chickens except on on Lepers 
Island (Aoba, northern central Vanuatu) and Florida (the 
Nggela Island group) of the Central Solomons. However, 
since no archaeological evidence is available to suggest 
that chickens were ever successfully introduced to any of 
the main Solomon Islands (Storey et al. 2008) the attribu-
tion is questionable and backs up the statement made by 
local informants that ‘there were no fowls in the Solomon’s 
until white men came’ (Codrington 1972: 18). 

Explorers

There are many instances of potential interactions which 
may have resulted in the introduction of chicken to the 
Santa Cruz Islands by European explorers, even if the ex-
change of chickens between local populations and explor-
ers were not expressly recorded. Due to their ubiquity in 
the ports frequented by European sailors chickens were 
not consistently recorded (Reitz and Scarry 1985). Euro-
pean explorers carried chickens in their holds as ready 
sources of protein and often exchanged them for local 
goods and then later restocked their ships in locales were 
supplies were sufficient. Confirmed incidences of contact 
between early explorers and indigenous people, as well 
as records relating to specific introductions of chickens 
to particular islands will be examined herein. In addition 
it was considered important to explore instances of con-
tact in which the introduction of chickens was probable 
if not explicitly recorded. In many cases a close analysis 
of the records relating to voyages of discovery reveals that 
domestic fowl were picked up at various points and were 
often onboard the ships when they arrived in Santa Cruz. 
This provides a serious complicating factor in establishing 
the origins of particular flocks and it is important not only 
to record the trade to and from European vessels but also 
the likely origins of the birds that were traded from Euro-
peans to the Cruzians in order to fully understand historic 

and prehistoric interactions. In many cases it is likely that 
the Europeans were translocating Pacific chickens from 
archipelagos to the east and west to the Solomon Islands.

Of the forty eight instances of contact spread amongst the 
records of nine early European explorers in the Solomon 
Islands, only four records explicitly mention chickens on 
the Santa Cruz islands. These four mentions were found 
within the entries of Pedro Fernandez de Quiros and Peter 
Dillon (see Appendix 1 for a summary of the resources 
used in compiling this information). Quiros observed that 
chickens were present on the Duff islands and also noted 
the presence of chickens in Graciosa Bay on the Island of 
Santa Cruz. Quiros further recorded similarities between 
the chickens in the Santa Cruz Islands and those of the 
Solomon Islands proper (Markham 1904).

As well as noting the trade of chickens between explorers 
and the local populations Peter Dillon’s account provides 
an example of the complexities involved in documenting 
the translocation of chickens in the post-contact period. 
In AD 1827 Peter Dillon took command of the Research to 
search for La Perouse and the Astrolabe. The Research and 
her crew were outfitted in Calcutta, India and sailed for 
Vanikoro. On its way the Research made stops in Australia, 
New Zealand, Tonga, Fiji, and Tikopia. In Tonga, Dillon 
traded with the locals on multiple occasions and received 
various items including a rooster. The Research also re-
ceived fowls in trade from the Rotumans after a stop in Fiji. 
No chickens were recorded from trades with Tikopians 
and in fact Dillon (1829) was surpised enough to note it 
in his journal. He reported that fowl no longer existed on 
Tikopia due to intentional extirpation but that they were 
readily available on neighbouring islands. Upon arriving 
in Vanikoro Dillon and his crew received ‘barn door fowl’ 
from some of the 180 canoes that surrounded the Research 
(Dillon 1829). Unfortunately this morphological descrip-
tion provides little assistance in reconstructing the poten-
tial breeds of chicken that may have been on the island at 
the time. The term barn door fowl was commonly used 
in the 1800s to describe mongrelized fowl of no specific 
breed or type (Tegetmeier 1867). 

Missionaries

Voyages to the Santa Cruz Islands by missionaries to con-
vert the local populations to Christianity are also an im-
portant potential source for the introduction of plants and 
animals to the islands. While records of the frequent and 
repeated instances of contact were detailed, the supplies 
with which each ship was equipped were not recorded. In 
addition the choices they made regarding the stock that 
they took to islands were also not explicitly stated. How-
ever, various possibilities exist beyond simple subsistence, 
including the use of food supplies for trade, as an incentive 
for people to convert to Christianity, or simply because it 
was an animal to which they were accustomed. Missionar-
ies, unlike explorers or traders, often intended to stay in 
one village for several years and so were likely to bring 
supplies to facilitate extended residences in the islands, as 
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opposed to shorter sea voyages between the continents. 
Contemporary Missions still contribute significantly to lo-
cal diets, along with schools they are estimated to produce 
20% of the chickens consumed by local communities in 
the Solomon Islands (Nonga and Keqa 2004). Thirty-two 
instances of contact between missionaries and the local 
peoples were examined for mention of chickens, and four 
of those mentioned chickens across a number of years (see 
Appendix 1).  

The records of the Missionary ship Southern Cross pro-
vided multiple entries which refer to the trade of chicken 
between the ship and natives of the Santa Cruz Islands. In 
1864 Codrington was offered ‘native fowls’ for trade (Co-
drington 1972 [1891]). Several years later aboard the same 
ship Beattie recorded in his personal diary in 1906 over 
100 canoes surrounding the Southern Cross. Chickens 
were prominent on the canoe platforms and were offered 
in trade for tobacco. Beattie notes that the tobacco was so 
valued by the natives that they would dive into the wa-
ter to retrieve the smallest amount that the missionaries 
would throw into the water (Beattie 1906). Writing in 1908 
O’Ferrall also recorded the trade of chickens, coconuts, 
and bananas as well as decorative items for the tobacco 
brought by the Missionaries (O’Ferrall 1908). 

Cecil Wilson’s 1901 visit to Graciosa Bay documented two 
very interesting instances of trade between indigenous 
people and the missionary ship Southern Cross. Wilson 
records that while on land and visiting a local village he 
and his men were able to trade tobacco for so many chick-
ens that they were able to fill the hold of their ship (Wilson 
1932). Wilson also wrote that on their canoes ‘they carried 
small fowls, like Bantams, for sale at two sticks of tobacco 
each’ (Wilson 1932). Bantams are a miniature breed of 
chickens which are thought to have been named for the 
port city of Bantam of Indonesia (Dickson 1853). These 
particular birds may have proved more popular with Eu-
ropean sailors for stocking their ships due to their diminu-
tive size. Therefore, the chickens in Santa Cruz in the early 
twentieth century may have actually been Indonesian va-
rieties or had at least cross-bred with more recently intro-
duced breeds of fowl from Southeast Asia. 

The attribution of Bantam to the fowl of Nendö strongly 
suggests a new source population as small fowl were not 
reported by previous visitors. Archaeological remains of 
chickens introduced by the Spanish to Florida are also 
notably smaller than full sized chickens. Reitz and Scarry 
(1985) found the dimensions of the Spanish chicken bones 
to be most like Brown Leghorn bantams, which also pro-
vides evidence that the bantam varieties Wilson saw in 
1901 were not native birds.

Traders, whalers, military vessels and slave ships 

A number of trading, whaling, military and slaving ves-
sels visited the Santa Cruz Islands after their first discov-
ery, and for this reason the trade between these ships and 

Santa Cruz islanders needs to be considered as an agent of 
introduction. A study of shipping movements in the Pa-
cific between late 18th and mid 19th century reveal that the 
most frequent visitor to many of these islands were whal-
ing vessels from New England (Scrimgeour 1983). Trad-
ing was important for island communities of the Pacific 
as well as the whalers and conflict between the two groups 
was rare, due to the mutually beneficial nature of the trade 
relationship (Gray 2000). While several instances of trad-
ing were recorded, the details of the supplies traded were 
not. Whalers worked in the area around the Solomon Is-
lands each year and the ships were at sea for up to three or 
four years at a time making resupply necessary from local 
ports (Scrimgeour 1983). Chickens were regularly traded 
with whalers who landed in New Guinea and the records 
indicate that whalers voyaged between New Guinea and 
Malatia following pods of whales (Gray 1999), suggesting 
that New Guinea stocks may have been traded into the 
main Solomon Islands. Since neither New Guinea nor the 
Near Oceanic Solomons are known to have had chickens 
in the prehistoric period (Storey et al. 2008), this trade 
may have facilitated their first introduction to the region. 
The movement of chickens may be better recorded in the 
Americas than in the Pacific, but can be used as an in-
dicator of likely behaviour. For example McGrew (1921) 
reported that Spanish sailing vessels ‘landing with a sur-
plus stock of fowls were willing to dispose of them and 
taken on a new supply that would be better able to stand 
the strain of the return trip.’ In fact ships Captains (both 
naval and commercial) were considered such authorities 
on the global varieties of chickens they were given status 
as honorary and corresponding members of the New Eng-
land Society for the Improvement of Domestic Fowls in 
the 1850s (Bennett 1854).

Slave ships also operated in the Solomon Islands recruit-
ing or kidnapping people to work in the sugar cane fields 
of Queensland. The ships would have required supplies for 
the journey but records relating specifically to the supplies 
taken on board were not recovered during the research 
phase of this project. It is, like the supplies on board whal-
ing and trading vessels, an important avenue for future 
investigation in examining the impact of the European 
transported landscape on Pacific society in the early his-
toric period. The nature of the slaving industry has left 
few detailed records, which create gaps in the knowledge 
of the interactions between the slavers and Pacific island 
populations.

Sixty-five instances of contact between traders, whalers, 
military vessels, slave ships and the local peoples were ex-
amined for possible instances of introduction, and three 
of those records mentioned chickens (Appendix 1). On  
2 December 1871 the military vessel HMS Rosario traded 
chickens with the locals in Byron Bay (Doherty 2007). 
Also in 1871 the HMS Basilisk purchased two chickens 
from the locals in Carlisle Bay and Brenchly, on board the 
Curacoa, also traded chickens with the locals in 1865 (Do-
herty 2007).
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World War II

The Solomon Islands campaign of World War II com-
menced in January 1942 and continued until August 21 
1945, therefore the potential for the introduction and trans-
portation of live chickens by Allied and Japanese forces 
also needs to be considered. Several Allied and Japanese 
garrisons were set up within the Solomons and there was 
substantial inter-island movement of men and supplies by 
both forces during this period (Thomson 2000). 

The movements and number of the respective fleets of the 
Allied and Japanese forces involved in the campaign of 
the Solomon Islands are well documented and the poten-
tial for chicken to be introduced into the Solomon Islands 
were numerous (Marshall 1992). The Japanese forces were 
resupplied on a nightly basis. These supplies of food and 
ammunition were brought from the neighbouring islands 
of the Pacific as well as from Japan. The Japanese ships 
were known as the ‘Tokyo Express’ and mainly consisted 
of fast battle ships from the 8th fleet based in Rabaul, Bou-
gainville, and Truuk (Coombe 1991). The Japanese soldiers 
valued chicken as a food item and a series of incidents 
are documented in which Japanese soldiers traded ciga-
rettes for chickens and on other occasions the Japanese 
stole domestic fowl and either took them to other islands 
or killed and ate all of the chickens in the village (White 
and Lindstrom 1989).

The allied forces are less likely to have been agents for the 
introduction of exotic chickens to the Solomons, as live 
chickens were considered too bulky to be shipped to the 
troops and supplies of pork and mutton were the preferred 
stock for overseas garrisons (Squier 2011). Eggs were a dif-
ferent story, and the techniques for the production of dried 
eggs for shipment to the troops considered crucial to the 
war effort. Chickens could be requisitioned to provide 
food for soldiers and this was done in 1943 in the conti-
nental US (Squier 2011). This is also likely to have occurred 
on islands in which military were installed for longer pe-
riods of time. Allied forces had a detachment of Catalina’s 
operating in the Santa Cruz area and these men were sup-
plied by the USS Mackinac and the USS Ballard (White 
1989). As well as the multiple entry points of regular supply 
by ships Allied and Japanese forces also had permanent 
garrisons of troops on Guadalcanal and Tulagi (Wiest and 
Mattson 2001) which involved thousands of men (Ham-
mel 1998). The introduction or movement of chickens by 
the military likely fed into the indigenous trade and ex-
change networks documented in the ethnographic period, 
including opportunistic and formalized trade relation-
ships which served to disperse them even further.

The modern chickens of Reef/Santa Cruz

It has been reported that contemporary flocks of village 
chickens are left largely to fend for themselves and fed 
scraps occasionally to prevent them from going feral. Eggs 
are not eaten and rarely collected, but when collected are 
typically set to lay under tame hens. Hens also frequently 

lay eggs in the bush and chick mortality is high due to 
predation from dogs and hawks (Jansen et al. 2006). The 
FAOs Domestic Animal Diversity Database (DAD-IS http://
dad/fao.org/) currently lists eight distinct chicken breeds 
as extant in the Santa Cruz Islands. These are Ancona, Aus-
tralop, Hampshire, Malayan Game, Rhode Island Red, San-
ta Cruz Wild Fowl, Temotu Wild Fowl, and Village chicken. 
The first five are listed only as imported exotic species, al-
though breed pedigrees can be examined in more detail in 
the American Standard of Perfection (American Poultry 
Association 2001). Santa Cruz fowl are classified by DAD-
IS as an autochthonous breed, most likely introduced by 
Mendaña in AD 1568; however there is no evidence in the 
historical acounts to support the introduction of chicken 
into Santa Cruz by Mendaña in 1568. Village chickens are 
listed as a mixed lot of birds whose origins cannot be as-
certained. These are assumed to be the progeny of many 
different flocks of chickens introduced from 3000 BP on-
wards to the present. There is no information provided at 
all with regards to the origins of Temotu wild fowl.

Aid agencies and non-government organisations 
(NGOS)

Aid agencies are another source for the introduction of 
chickens to the Santa Cruz Islands in the more recent past. 
Two factors motivate the Aid Agencies and NGOs. The first 
is the immediate relief of natural disasters, and the second 
is the bolstering of local economies though stimulating 
production. In the 1950s and 1960s the perception was 
the local chickens were inferior to commercial breeds and 
NGOs acting on behalf of the FAO imported foreign breeds 
of chickens to developing countries. Unfortunately these 
breeds were developed to utilize special diets and the im-
pact of and low quality feed and local diseases often left 
these chickens and their descendants ill equipped to cope 
with life on tropical Pacific islands (Jansen et al. 2006). In 
contemporary times hybrids can be vaccinated against 
several known diseases affecting poultry but this was not 
so in early periods.

A particularly striking example of the change in attitude 
to animals through their introduction by Aid Agencies is 
that of Tikopia. The localized extirpation of chicken in 
Tikopia was reported by Dillon in both 1813 and 1827 (Dil-
lon 1829; Firth 1959). Just when the prehistoric populations 
of chicken disappeared in Tikopia remains uncertain, al-
though some island residents suggested the demises was 
due to predation on the crops by fowl (Firth 1959; Dillon 
1829). Chickens were reintroduced to the island on sev-
eral occasions as aid after natural disasters. Rivers (1914) 
had been informed by John Maresere that they had been 
reintroduced in the early 1900s and another group were 
brought to the island after a severe hurricane devastated 
Tikopia and created serious food shortages at the begin-
ning of 1952 (Feinberg 1981). No records have been located 
which identify the sources of these chickens and Feinberg 
(1981) provides no further information. However, some 
descendants of the 1952 flock were also taken to Anuta. 
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The acceptance of chickens back into the cuisine and so-
cial world of Tikopians provides a striking contrast to 
the pests purposefully eradicated from the island in an 
earlier period. These reintroduced fowl were served with 
coconut cream and reserved for important ceremonial 
occasions (Feinberg 1981; Firth 1957). Is this a reflection 
of their status as a gift in a time of need? Why did the 
Tikopians change their attitudes to chickens in the recent 
past? Perhaps it was due first to necessity but later to the 
importance placed on them by foreigners.

The Department of Agriculture has actively encouraged 
the importation of foreign dual purpose breeds, including 
Australorps. Rhode Island Reds, New Hampshires, and 
Anaconas, to the Solomon Islands and disseminated 
these throughout the archipelago (Jansen et al. 2006). 
The European Union (EU) is known to have introduced 
commercial broiler stocks to the Solomon Islands in the 
last fifty years (Jansen et al. 2006). Hybridized broilers 
and layers are often common in Solomon Island village 
chicken flocks. Documented introductions of chickens 
to the Solomons are known from New Zealand, Australia, 
and China (Nonga and Keqa 2004). It has also been 
reported that several populations of village chickens 
have been crossed with an Australian chicken breed, 
the Australop, in order to improve productivity (Martin 
and Epstein 1999). However, other reports suggest that 
attempts to cross breed ‘wild’ chickens and domestics have 
been unsuccessful (Nonga and Keqa 2004) and so it is not 
clear which individual chickens are of mixed ancestry and 
which are not. Identifying pedigree is also problematic 
as many crosses are likely to occur naturally and are not 
observed by Aid Workers during short term visits. 

Commerical Chicken Operations

Industrial style intensive poultry production was intro-
duced to the Solomon Islands in the early 19th Century 
(Jansen et al. 2006). Until the social unrest in the Solo-
mons resulted in the destruction of the commercial chick-
en operations for broilers and layers these were located 
almost exclusively near Honiara in the main Solomon Is-
lands. However, sales of live produce were made to local 
farmers on Guadalcanal and had the potential to intro-
duce European commercial lines to the outlying islands 
as local farmers on Guadalcanal were then free to pass on 
their chicks to other consumers. Currently there are no 
commercial operations active in the Solomons and most 
of the chicken market relies on imports, such as day-old 
chicks from New Guinea (AUSAID 2004). 

Discussion and Conclusions

The literature review presented here demonstrates the dy-
namic nature of commensal animal movements through-
out Pacific islands, as exemplified by the movement of 
chickens in and out of the Santa Cruz Islands over 3000 
years. This information may be used by a variety of schol-
ars and is particularly enlightening in cases where mod-
ern distributions, morphological characteristics, or genetic 

signatures are presumed to reflect prehistoric populations. 
The modern DNA of several Pacific domesticates, including 
pigs (Gongora et al. 2004; Lum et al., 2006) and chickens 
(Dancause et al. 2011) have previously been used in an at-
tempt to infer prehistoric colonisation and later trade and 
exchange. This review clearly demonstrates some of the 
potential pitfalls in employing such an approach.

The introduction of domestic animals to Pacific islands 
resulted in the movement of chickens from Southeast Asia 
into the Pacific from earliest settlement though to the re-
cent past. This may cause problems with differentiating 
proximate and ultimate origins of modern flocks. In addi-
tion non-Pacific sailors, missionaries, commercial interests, 
and Aid Agencies have moved chickens within the Pacific 
further complicating prehistoric signatures that may be 
retained in modern flocks. This suggests that only through 
the use of well controlled temporally relevant and directly 
dated chicken bones for DNA analyses can a better model 
of past migration and interaction be constructed. This may 
then be compared and contrasted with the DNA profiles 
of contemporary flocks for a broader understanding of 
their origins. In addition the application of modern DNA 
to ancient questions must include sufficient background 
material to demonstrate a firm grasp on potential issues 
of later introductions. Without this such studies are likely 
to be flawed and should not be readily incorporated into 
archaeological reconstructions of the past. This is an even 
greater concern when only short stretches of mtDNA are 
targeted for studies of modern populations. It has recently 
been suggested that these are insufficient  to distinguish 
ancient, historic, and modern chicken lineages in contem-
porary Pacific flocks (Storey et al. 2012). The appropriate 
application of DNA to answering the sorts of questions 
about interaction networks that archaeologists are inter-
ested in may lie in the future as the chicken genome is 
decoded and the technology becomes available to reliably 
extract and amplify nuclear DNA from ancient Pacific sam-
ples and modern chicken populations.  

This study goes well beyond a cautionary tale aimed at ex-
emplifying the dynamic nature of the movement of ani-
mals in the post-contact Pacific and the confounding effect 
this is likely to have on the interpretation of modern DNA 
signatures. The literature review also highlighted some 
interesting cultural changes associated with the trade and 
exchange of common objects with new partners. As was il-
lustrated by the Tikopian case, animals that were purpose-
fully excluded from the economy in prehistory may be re-
introduced and take on important ceremonial roles in the 
present. In addition the preliminary evidence also seems 
to suggest a relationship between trade in chickens and 
tobacco in the Santa Cruz Islands. Trade both with mis-
sionaries in the early twentieth century and during World 
War II seems to have involved the exchange of chickens 
for tobacco and cigarettes. Further study is needed to con-
firm or refute this association. It is also interesting to note 
that in modern Santa Cruz eggs are rarely eaten (Graebner 
1909; Jansen et al. 2006). Graebner (1909) had suggested 
almost a century earlier that such a prohibition on chick-
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ens and eggs could be linked to totemic associations but 
the heavy Spanish influence in the early history of Santa 
Cruz may also have a role to play. The Spanish demanded 
hens and eggs as tribute in both Philippine and South 
American colonies (Caudill 1975; Newson 2009). While 
this has not yet been documented specifically in the Santa 
Cruz islands it is worthy of further investigation and may 
reflect a shift in cultural values due to foreign influence 
and not the persistence of a prehistoric belief system. 

The use of chickens and their importance to humans will 
be of particular interest to Aid Agencies who now aim to 
augment existing horticultural systems to bring about ef-
fective grass roots changes to productivity in developing 
countries. Aid Agencies will also benefit from an examina-
tion of the many potential ports and agents of introduc-
tion in trying to determine the ancestry of contemporary 
village chicken flocks. This will be very important in mak-
ing decisions about what to introduce, what to conserve, 
and what to eradicate. This is the sort of information 
that can be used to supplement the DAD-IS database and 
to consider which types of chickens fare better in free-
ranging village agricultural systems and thus will bring 
the greatest benefit to contemporary Solomon Islanders.

This paper does not represent a comprehensive list of 
chicken introductions to the Santa Cruz Islands. It seems 
unlikely that one could ever be assembled due to the 
sporadic reporting of chicken transfers by all potential 
historic agents. However it does exemplify how in a few 
short months of intensive research the overlapping waves 
of commensal introductions and transfers can be docu-
mented. This is not an exercise out of reach of any scholar 
assembling a study of contemporary plant and animal 
communities in the Pacific and more detailed information 
about post-contact interactions in the Pacific is sure to 
shed even greater light on prehistoric economies, cultural 
practices, trade relationships, and how new interactions 
bring about cultural change.
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APPENDIX 

This appendix was assembled to show the resources that 
were consulted in the preparation of this document. Docu-
ments that contain accounts of chickens are discussed in 
the main text, however, resources which did not mention 
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Spreading the Word: Archaeological Awareness 
and the Wider Public in Vanuatu

Richard Shing1

Introduction

At the close of the Lapita Conference in New Caledonia in 
2002, indigenous Pacific archaeologists who had attended 
saw that there was a clear need to further promote ar-
chaeology more broadly at a community level, to develop 
broader awareness and understanding amongst Pacific Is-
landers, young and old, of what archaeology involves, what 
it tries to achieve, along with its associated implications. 
For a long time Pacific Islanders have been wary of archae-
ology, often associating it with grave digging, a practice 
that of course in many Pacific cultures, is considered sac-
rilegious (see also Sorovi-Vunidilo 2003). Over the last 15 
years the Vanuatu Cultural Centre (VCC), in collaboration 
with a number of foreign researchers, and guided by the 
Vanuatu Cultural Centre’s research policy, has been run-
ning an active program of increasing public awareness in 
relation to archaeology. This has involved such activities 
as running training workshops for VCC staff and the as-
sociated volunteer fieldworkers (or filwokas, see below), 
school tours of excavations often including some level of 
participation, mounting exhibitions, producing a range of 
publications (booklets, posters and comic books) in the 
three national languages and regular features on national 
TV and radio and articles in newspapers (Bedford et al. 
2011). Through these collaborative awareness programs, 
an increasing number of Ni-Vanuatu are gaining a much 
greater appreciation of archaeology and its potential to 
contribute to a better understanding of our country’s 3000 
year history. 

The Vanuatu Cultural Centre

The Vanuatu Cultural Centre, which began as the New 
Hebrides Cultural Centre, was set up in 1957 primarily as 
a museum with a range of artifacts and ornaments from 
across the islands but later in the 1970s it also acted as a 
liaison point for researchers who were coming into the 
country. When the country gained Independence in 1980, 
the name changed to the Vanuatu Cultural Centre and it 
was officially tasked with the preservation, protection and 
promotion of kastom and culture in Vanuatu (Bolton 1999).

Pioneering archaeological research began in Vanuatu in 
the 1960s, with the arrival of Richard and Elizabeth Shutler 
and John Hedrick from the United States and José Ga-
ranger from France. Later in the 1970s, there was major 
input from the Australian National University in the form 
of Les Groube, Graeme Ward, Matthew Spriggs, Winifred 
Mumford and Norma McArthur. This pioneering archae-
ology was undertaken across various parts of the country 
largely up until Independence in 1980 (Bedford 2006). 

Foreign-led archaeological research was short-lived after 
independence. In 1985 the Vanuatu Government placed a 
moratorium on all humanities based research, including 
archaeology. As Kirk Huffman explained, this was because 
(1) the newly established government resented some of the 
early views and influence of researchers and missionar-
ies from the pre-colonial and early phases of the colonial 
period on the indigenous population, and that (2) they 
believed that Ni-Vanuatu should be researching their own 
culture (Bolton 1999). 

Researchers and missionaries from the late 19th century 
up to the early 20th century had studied the local popula-
tion from a very European perspective and so the early 
literature was overwhelmingly Euro-centric when it de-
scribed and dissected the lives of the indigenous popula-
tion. This was common of course not only in Vanuatu but 
also in many other places around the world in the 19th and 
20th centuries, where Europeans were coming into contact 
with local populations, and their very different lifestyles 
were portrayed as being ‘savage’, ‘primitive’, ‘non-civilised’ 
and ‘backwards’.  In reality of course, these cultures had 
evolved and adapted over thousands of years living in their 
respective environments, coping with the stresses and 
adapting to suit the social and environmental situations 
they faced. To the newly educated Ni-Vanuatu, many of 
these early accounts that portrayed our ancestors as primi-
tive were a gross insult to our custom, culture, heritage and 
history. Ni-Vanuatu are brought up to respect and cherish 
their cultural way of life and to consider the knowledge 
our ancestors passed down to us as being paramount. They 
viewed, and it is still the case even today, the ‘white man’ 
way of life as being inferior. Growing up as a child, we 
are taught to work together as a community, to assist each 1 Vanuatu Cultural Centre, Port Vila.
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other in surviving and it is this kastom that acts as a guide 
to ensure prosperity and sustainability for all. 

The moratorium introduced in 1985 was lifted 10 years later 
in 1994 as Vanuatu, as an independent country, began to 
grow in confidence. At the same time the Vanuatu Cultural 
Centre’s Research Policy (weblink: <http://www.vanuatu 
culture.org/news/list-all-categories/21-cultural-research-
filming-policy/73-the-vanuatu-cultural-research-policy>) 
was refined and put in place. The policy provided essential 
guidelines on how cultural research should be conducted 
in the country and offered more opportunity for re-en-
gagement with foreign researchers. An important part of 
the policy states that a researcher must provide some form 
of training to people in whatever community they work in. 
Copies of all documentation, whether it be theses, articles 
or film must be submitted to the Vanuatu Cultural Centre.
Researchers are also obliged to provide copies of simple 
summaries of their work to the relevant communities.

The decades leading up to Vanuatu’s Independence saw a 
gradual change in the views, perception and field strate-
gies used by visiting researchers and anthropologists and 
archaeologists who began immersing themselves in the 
local communities in order to document them from the 
‘inside’. This was in contrast to previous observers of our 
culture who worked within the community boundaries 
but lived separately and once their research had been 
completed there was limited or no feed-back. Many later 
researchers began to live with the locals in their homes, eat 
with them and some have gone to the extent of partaking 
in custom ceremonies and economic activities as a way of 
being further accepted as part of the group.

The Vanuatu Cultural Centre Fieldworkers

The Vanuatu Cultural Centre Fieldworkers (or ‘Filwokas’, 
as  referred to in Bislama [the most common lingua franca 
in Vanuatu]), are a group of men and women volunteers 
from different islands in Vanuatu who are nominated by 
their community to represent their island or their cultural 
group in a network associated with VCC. Initiated by Kirk 
Huffman and Peter Crowe in the late 1970s, one of the 
objectives of the Men’s Fieldworkers program was to assist 
the VCC in the sourcing and collecting of oral tradition. 
The fieldworkers are men and women who are very knowl-
edgeable in the kastom and culture of their area and most 
of them are leaders in their community. They have had an-
nual meetings (The Vanuatu Fieldworkers Workshop) for 
over 30 years, where a topic is chosen the previous year so 
they can research and then report on it over the course of 
two weeks. All aspects are discussed, recorded and stored 
at the Vanuatu Cultural Centre. Full details from a number 
of workshops have also been published by the VCC (e.g. 
Tryon 1996).

The role of the fieldworkers has developed very positively 
over the years, with the assistance and cooperation of 
overseas institutions and agencies. Activities now include 

the collection and preservation of knowledge of tradition-
al ceremonies, cultural rituals, genealogies and many other 
cultural practices. These activities are recorded in the form 
of written accounts, audio, digital and other visual me-
dia. What began in the 1970s as a men’s-only program, in-
cluded a separate women’s fieldworker program from 1989. 
Separate workshops are held each year comprising of an 
almost equal number of men and women. They also assist 
the VCC staff and foreign researchers when conducting 
research in the islands, especially with logistics and in ex-
plaining the work that the VCC or researchers are planning 
to carry out to the respective local communities. Field-
workers also promote cultural festivals and other related 
activities and many have been instrumental in initiating 
and conducting such activities. It was therefore seen as an 
imperative that these same fieldworkers underwent some 
form of archaeological training if research programs were 
to begin again (Bolton 1999).

The Vanuatu Cultural and Historical Sites 
Survey / Vanuatu National Register

It is common knowledge that the gradual flow of mission-
aries into the Pacific led to the extinction of many tradi-
tional practices and knowledge concerning everyday life 
including such things as the management of land, spiritual 
activities and customary governance. As these early mis-
sionaries introduced the Word of God to people across 
Vanuatu, most also forbade the traditional ways of liveli-
hood, and the rituals and customary practices associated 
with them. Coupled with the massive drop in population 
following early contact and missionisation, a cache of val-
uable knowledge of cultural sites was lost from that period 
up until the Independence of the country in 1980.

The Vanuatu Cultural and Historical Sites Survey (VCHSS) 
was set up in 1990 by archaeologists David Roe and Jean 
Christophe Galipaud and a local team, comprising man-
ager Martha Yamsiu, (later Kaltal) and field officers, Peter 
Kolmas, Ralph Regenvanu, Nicolas Vanusoksok, François 
Wadra and Fidel Yoringmal. The VCHSS was established 
to create and maintain a database of sites of cultural, ar-
chaeological and historical significance (Roe and Galipaud 
1994; Roe et al. 1994). Not only did the VCHSS record these 
sites but a major component of their mission was to in-
form and educate people in the areas they visited on the 
importance of their cultural, historical and archaeological 
sites, and why and how they should be preserved. After the 
establishment of the Vanuatu Cultural Centre, and subse-
quently the VCHSS, an ever growing number of people be-
gan to understand the importance of these sites and appre-
ciate their value and relevance in the world today. Through 
the tireless efforts of those who assisted in the early stages 
of the VCHSS, more and more people in Vanuatu became 
aware of the issues surrounding these types of sites. The 
VCHSS changed its name to the Vanuatu National Register 
(VNR) in the mid 2000s although its role has essentially 
remained the same. 

http://www.vanuatuculture.org
http://www.vanuatuculture.org
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Archaeological Training Workshops

In 1996 an archaeological training workshop was initiated 
by the VCC at the Mangaasi site, on the west coast of Efate, 
in collaboration with Dr. Stuart Bedford and Professor 
Matthew Spriggs from the Australian National University. 
It was initially designed to train the VCC and VCHSS staff, 
but as interest grew, a number of fieldworkers were includ-
ed. From 1996 to 2003, training workshops were conducted 
annually and eventually many of the VCC fieldworkers at 
that time from all over the country went through training 
on basic archaeological excavation methods and training 
on how to conduct surveys of cultural sites. Further train-
ing workshops involving fieldworkers and funded by the 
Sasakawa Pacific Islands Nations Fund (SPINF), were car-
ried out on the offshore islands of Malekula in Northern 
Vanuatu, namely Uripiv, Uri, Wala, Atchin, Vao and the 
Maskelynes Islands, from 2001 to 2005 (Bedford et al. 2011).

Fieldworkers from many different islands were involved, 
and this was as advantage in that as they returned to their 
various islands, they not only assisted in the dissemina-
tion of information about archaeology, but can also then 
identify and explain sites in their area. An extraordinary 
example of the benefits of the programs is the discovery 
of the Lapita site at Teouma, where Salkon Yona, a VCC 
fieldworker from Epi who had been to the training at Man-
gaasi, correctly identified a Lapita sherd brought to him 
by Charlie Nati, a bulldozer driver, and fellow Epi islander, 
who was working on the Teouma site removing earth for 
the development of a prawn farm. Yona’s enthusiasm and 
interest led to one of the most important Lapita discover-
ies in Vanuatu to date.

Prior to, during and after these archaeological training 
workshops, excavations were also taking place in other 
areas and islands in Vanuatu. During these excavations, 
communities would be fully involved which provided an 
opportunity for the archaeology team to talk about ar-
chaeology to the participating locals, the schools within 
the vicinity of the excavation and all people who showed 
interest in archaeology. Archaeology also provides a good 
topic for kava-time conversation in the evening.

Archaeological Projects and Spreading 
Awareness

A whole range of activities designed to raise awareness 
amongst the wider community have been developed by 
the Vanuatu Cultural Centre. These activities were mostly 
developed independently and separately depending on the 
availability of resources and their suitability.

School visits

Young people constitute a large portion of the population 
of Vanuatu (71.6% under the age of 25 (National Census 
2009)).It is of course important that this generation is en-
couraged to learn about archaeology. They can also pass 

on their newly gained knowledge of archaeology to their 
friends, parents and extended families. 

School visits to the excavations began during the field-
workers training workshops at Mangaasi in the 1990s. This 
was done primarily to increase awareness of archaeology 
in the schools and for students to get some exposure to 
archaeology in the field and to see archaeologists at work. 
During these early school visits the students would be giv-
en a short talk introducing archaeology and the theories 
surrounding it then they would be taken on a tour of the 
site. Schools in Port Vila and around Efate were invited to 
the excavations and sometimes whole schools would turn 
up. In the beginning it was quite chaotic as we had not 
anticipated the huge interest that the archaeology gener-
ated. We eventually had to put together a strict booking 
system so we could limit the number of classes coming 
on a particular day so as to ensure that the benefits of the 
visit could be experienced by all groups.

Students of all ages, ranging from kindergarten to univer-
sity levels, have visited the various excavations and all have 
showed great enthusiasm in archaeology. Much of what 
they learnt was relatively new to them, certainly it was a 
unique experience to visit an archaeological investigation 
in action. Students were also not only learning about their 
history and the past but also about various aspects of oth-
er disciplines such as geography, geology and biology (to 
name a few) that are used by archaeologists to assist them 
in analysing a site. 

Initially, the groups that visited the excavations were only 
allowed to view the work in progress and could not par-
ticipate. But an opportunity arose in 2008 that enabled 
students to get some hands-on experience. At the Teouma 
Lapita site there was a large mound feature that had been 
created by bulldozers working at the site prior to its dis-
covery. The mound consisted of mixed cultural materi-
als from the Lapita and immediately post-Lapita periods. 
When the mound was discovered in 2004, it was realized 
that there was much cultural materials in it and it was de-
cided that the mound had to be sifted eventually to col-
lect the artifacts and faunal remains. However it was not 
until 2008 that it was decided that student visits could be 
incorporated into the work and so students were allowed 
to dig and sift through the mound to find and collect ar-
chaeological materials. This not only assisted the team in 
retrieving the cultural material from the mound, but also 
the students had the opportunity to be fully involved in 
the retrieval of information from the site. The turnout of 
that year and the years that followed was spectacular with 
over 1,000 students visiting in 2008 alone. A lot of stu-
dents were very excited, and while they took turn in dig-
ging, sifting, washing and drying the artifacts and faunal 
remains recovered, most were keen to continue the search 
for more interesting material. All students seemed to really 
enjoy themselves and not only because it was a day out of 
the classroom. Sometimes teachers even found it hard to 
get students to board to buses to return to Port Vila.  
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Most students that came to the excavations were very in-
terested and excited in what they learnt because they had 
the opportunity to visit and participate at Teouma, they 
got to learn more of their past and were involved in its 
investigation.

Booklets and Posters

Due to the increasing interest shown by schools and the 
general public (including many prominent government 
officials), the VCC decided it should start producing short 
publications on the archaeological work and findings con-
ducted in the country. At that time it was very important 
since all the literature available in schools and to the gen-
eral public was very outdated or in an English or French 
that was too difficult for those with limited education to 
fully comprehend. The booklets also reinforced the infor-
mation that was being presented and viewed on the visits 
to the sites. They were also souvenirs that could be taken 
home and shared with the extended family. One very im-
portant feature of these publications was that the language 
used in them was very basic so that people of all ages and 
educational background could read and easily understand 
them.

In 2004 the VCHSS published a comic book in Bislama 
about site surveying and archaeology (Fig. 1). This 18 page 
booklet, illustrated by the late Fidel Yoringmal, gives a pic-

torial account of what transpires during site surveys and 
archaeological excavations (Kaltal et al. 2004).

The Vanuatu Cultural Centre then created a small six page 
booklet in 2005 in Bislama, titled ‘Wanem ia Akioloji?’ 
(What is Archaeology?)(Shing and Bedford 2005) (Fig. 2) 
that briefly explained archaeology and Lapita, introduced 
some of the findings from Teouma and answered some 
of the most commonly asked questions. This booklet 
was handed out to all students and the general public as 
they visited the sites. It was so successful that in 2008 re-
prints had to be made. An updated version of the booklet 
was printed with eight pages in 2008 with funding from 
AUSAID which funded the school awareness/participation 
program that year. Due to its immense popularity, the VCC 
decided to recreate the booklet in the three national lan-
guages, Bislama, English and French, in order for students 
to understand archaeology in the language they were be-
ing taught in class.

The AUSAID funding for the school programs in 2008 also 
enabled the VCC to document and prepare individual re-
ports for all the schools that visited the Teouma excavation 
in 2008. The first part of the report to the schools con-
sisted of an introduction to archaeology, outlining basic 
archaeological methods, ideas and theories, the second 
part summarised major findings at Teouma and the last 
part talked about the school visit and what the specific 
class did, complete with pictures of the students during 
their visit. 

Figure 1 Figure 2
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In 2007 the VCC published site reports in Bislama and 
English for archaeological excavations conducted at Man-
gaasi, Teouma, Malakula and northern Vanuatu (Shing et 
al. 2007a)(Fig. 3). These reports were then distributed to 

Figure 3

Figure 4

communities where excavations had taken place to ensure 
that the people from those areas got feedback on the ar-
chaeology of their area. The first part of the reports con-
sisted of an introduction to archaeology, outlining basic 
archaeological methods, ideas and theories and the second 
part talked about the discoveries at the respective sites.

In 2009 a booklet titled ‘Ol Bubu Oli Flasem Bodi Blong 
Olgeta’ (Body Decoration and Ornamentation)(Fig. 4) was 
published, in the three languages, to coincide with an ex-
hibition of the same title (see detail below) and in 2010 
another book ‘Lapita Peoples’ was produced, again in the 
three languages (Bedford et al. 2010), to coincide with 
the ‘Lapita: Oceanic Ancestors’ exhibition in Paris, France 
(again see below).

Another very efficient way of disseminating information 
in a country like Vanuatu, where television and even radio 
are not available in parts of the country, is by using posters. 
Posters are a very useful means of educating the public 
because they not only easily and efficiently disseminate 
information, but they are also cost effective, being easy 
to transport and many more people can have access to 
one poster in comparison to a book or pamphlet. In 2005 
the VCC released its first poster in Bislama on the findings 
from the Teouma site titled ‘Akioloji mo Lapita long Te-
ouma’ (Archaeology and Lapita at Teouma)(Fig. 5). We got 
a lot of positive feedback from that first poster, but some 
commented that there was way too much text crammed 
into it. This was rectified in 2007 when a second lot of 
posters was released, in the three languages, called ‘Lapita 
in Vanuatu’ (Fig. 6) where text was minimised but basic 
archaeological information was retained. 
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In 2010, a two week exhibition was held, titled ‘30 yia Inde-
pendens, 3,000 yia Histri ’ (30 Years of Independence, 3,000 
years of History)(see below) and another poster to com-
memorate the event was produced (Fig. 7). All the materi-
als that we produce are for educational purposes and we 
try to distribute them to as many people as possible, espe-
cially the schools because you can cover a much broader 
audience.  

Exhibitions

Exhibitions are an effective means of both educating and 
attracting public interest and even though we are a small 
unit in the Vanuatu Cultural Centre, we have put together 
and taken part in a number of exhibitions.

In 2009 the VCC launched a permanent exhibition titled 
‘Ol Bubu Oli Flasem Bodi Blong Olgeta’ (Body Decoration 
and Ornamentation). The exhibition explains and displays 
various forms of body decoration and or adornment, dat-
ing from the Lapita period, some 3,000 years ago, right 
up to the early ethnographic period. This exhibition com-
prised of a wide selection of archaeological artifacts, early 
photographs and artifacts from the ethnographic period. 
To coincide with the exhibition a booklet was produced 
and a set of 4 posters, all in the three languages, so that 
they could be both given to visiting schools and sent out 
to others around the country who were unlikely to be able 
to visit the exhibition.

Figure 5

Figure 6
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In July 2010 the ‘30 Yia Indipendens, 3,000 Yia Histri’ ex-
hibition was launched. It was a means to again, stress the 
importance of Lapita in our history. It was held in the cen-
tre of town with support from the French Embassy who 
provided the exhibition space. We held the exhibition a 
couple of weeks before the country’s 30th Independence 
celebrations and we wanted to remind the public in Va-
nuatu that compared to the 30 years of being independ-
ent from the two colonial powers, people have been living, 
surviving and flourishing independently for 3,000 years. 
This exhibition also provided an opportunity for the VCC 
to show the public in Port Vila materials from the Lapita 
period that were to be subsequently shipped off to Paris 
for the ‘Lapita: Oceanic Ancestors’ exhibition held in No-
vember 2010.

The ‘Lapita: Oceanic Ancestors’ exhibition held at the Mu-
sée du Quai Branly in Paris for 3 months from November 
2010, was a collaborative effort between the Vanuatu Cul-
tural Centre, the Institute of Archaeology for New Caledo-
nia and the Pacific and the Quai Branly Museum. It was 
the largest Lapita exhibition ever held to date and it not 
only had archaeological materials from New Caledonia 
and Vanuatu, but it also included Lapita materials from 
the rest of the Pacific where Lapita is found. A major aca-
demic publication was produced (Sand and Bedford 2010) 
for the exhibition but the VCC thought that a booklet for 
the wider Vanuatu community, who were unlikely to see 
the exhibition or the academic publication, should be pro-
duced. A 50 page booklet, titled ‘Lapita Peoples’ (Fig. 8), in 
the three languages, was printed and became a big hit not 

Figure 8

Figure 7
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only in Vanuatu but it also appeared to be quite popular in 
Paris where they were first distributed (Bedford et al. 2010).  

Newspaper/Radio/Television

Another easy and efficient means of disseminating infor-
mation regarding archaeological issues and findings is via 
newspapers and through the radio. We make it a must that 
every time after an excavation, we put together an article 
to send to all Vanuatu newspapers. This is in order for the 
public to be aware of the work we are doing and the results 
of the excavation. 

The VCC also has a weekly one hour radio program that 
is aired by the Vanuatu National Broadcasting Corpora-
tion which reaches most islands in the group. A few weeks 
before we venture out to do excavations, we go on air to 
let the people know of our arrival and of what we hope to 
achieve. After each excavation we do another radio broad-
cast to thank the communities that have assisted us in the 
excavation and to give some feedback on some of the find-
ings made during the excavation.

Many documentaries have been prepared by the VCC and 
they air every now and then on Vanuatu TV. In addition, 
we have had, over the years, numerous visits by various 
international film crews who have produced a range of 
documentaries (e.g. dABC Catalyst 2010).

The effort made by the VCC in raising awareness in re-
lation to archaeology has had a positive impact on the 
work of archaeology in Vanuatu. Archaeological sites are 
regularly reported by fieldworkers or the general public on 
various islands. For example, in 2010 during the upgrad-
ing of the main road around Efate Island, three burials 
were found, reported to the VCC by road crews and they 
were successfully investigated and excavated (Shing and 
Philip 2010a-c). Again in July 2011 pot sherds were found 
by locals on the island of Aneityum were delivered to the 
VCC. This was very exciting as previously archaeologists 
had not found pottery on the island. On further examina-
tion of the sherds and a visit to the site of their discovery 
they were subsequently identified as being from the island 
of Santo. However a second sherd found on the island in 
January 2012 looks much more likely to relate to an early 
pottery site. Numerous pot sherds and other archaeologi-
cal materials are regularly deposited at the VCC by indi-
viduals interested in what they are and what they might 
signify. Widespread archaeological awareness has enabled 
people in many areas to properly identify an archaeologi-
cal artifact when they see one. 

Conclusion

As an individual trains to become an archaeologist, he or 
she is taught how to plan an excavation, execute a strategy 
and analyse the findings. Equally important to the archae-
ological discoveries is the dissemination of these findings 
back to the people from whose places where the discover-
ies were made. In this way, not only are you assisting in 

the education of the people you come in contact with in 
the communities you work in, but also once they begin to 
understand the nature of the work and the importance 
of it, they begin to appreciate the work and are fully sup-
portive. One establishes important links between yourself 
and the communities and when fostered, you will always 
be supported by those people whenever you go back to 
work there.

Due to the extensive awareness program carried out by 
the VCC over the past years, an ever increasing number of 
people in Vanuatu are becoming more aware of the im-
portance of archaeology. The reactions we get from many 
people when we talk about Lapita are often one of shock, 
surprise and excitement and they are keen to know more. 
Sometimes they think we can answer all questions about 
the past, but we always tell them that there are always 
limitations in what you can interpret from what you find 
below the surface. We are regularly approached by people 
asking if we can dig up a grave to prove the person buried 
there is one of their ancestors. This is often associated with 
land claims so, of course, we kindly let them know that 
such task is not possible.

The VCC archaeological awareness program has come a 
long way and it has proven that a country like Vanuatu in 
the Pacific, with limited funds, but with a lot of effort and 
our ‘one small step at a time approach’, can achieve a lot 
in the long run. It is far from over. For us at the Vanuatu 
Cultural Centre, it is only the beginning to encourage the 
whole of Vanuatu to further understand and appreciate 
their rich and valuable past and to share this with the rest 
of the world. 

Custom, culture and tradition are very important to the 
people of Vanuatu and the Pacific as a whole. It defines 
who we are and where we stand in the world today. The 
rules, regulations, guidelines and oral traditions that define 
one culture from another are based on age old knowledge 
passed down from generation to generation, ever evolv-
ing, and though much has been lost, that which remains is 
highly guarded and continues to be passed on. Archaeol-
ogy is therefore very important to the people of Vanuatu 
in that it provides this tangible link that connects people 
with their deep past and that it can work in collaboration 
with oral tradition to assist in giving a better picture of 
how our ancestors lived in the past.
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