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ABSTRACT 

This thesis investigates the prehistoric diet of humans and two of their key 

commensals on Aitutaki using stable carbon and nitrogen isotopes.  This technique gives 

us new insight into the diet of these three groups and results are considered in the context 

of the development of agricultural systems on Aitutaki, as well as in light of the wider 

context of cultural developments and environmental change in the Cook Islands and 

Polynesia as a whole.  Ultimately, it allows us to more fully understand the complex 

interactions between humans and the two largest commensals in order to evaluate the 

utility of these animals as proxies for humans in dietary analyses.  

The results indicate that the prehistoric human diet on Aitutaki can be characterised 

as mixed, dominated by terrestrial plants and marine protein with lesser amounts of 

terrestrial protein.  While the amount of protein eaten by the individuals was very similar, 

they varied in how much marine or terrestrial protein they ate.  The pigs had a slightly 

more terrestrial diet, with a greater emphasis on plant foods.  Their protein intake was 

more variable and terrestrial in nature than the humans’.  Dogs had a higher trophic level, 

more marine-oriented, diet than either humans or pigs. Like the humans, their diet 

contained more variation in the source of their protein.  Overall, however, the diets of all 

three groups were very similar. 

While the overall nature of the human, pig and dog diets, and their relationships to 

one another, remained relatively constant over time, beginning in the 14th century they 

show a decline in the amount of fish consumed and had a more terrestrial diet overall.  

This confirms trends seen in the archaeofaunal assemblages, and throws light on the 
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relationship between environmental change and human subsistence practices in East 

Polynesia. 

The similarity of the pig and dog diets to human diet, and the fact that the 

relationship remained constant over time, demonstrates the usefulness of the Aitutaki 

commensal animals as proxies for humans in stable isotope analysis. However, the 

specifics of that relationship vary by species and by place.  While the individual dietary 

variability provides us with new ways of looking at dietary change within populations, it 

also demonstrates the importance of obtaining as large an assemblage for analysis as 

possible in order to ensure that samples are representative of the population as a whole. 

 

Keywords: stable isotope analysis, carbon, nitrogen, palaeodiet, human, pig, dog, 

Polynesia, Cook Islands, Aitutaki 
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CHAPTER 1:  

INTRODUCTION 

1.1 Introduction 

This thesis examines the diets of prehistoric humans, pigs and dogs on Aitutaki, 

drawing on different sources of evidence, particularly that of stable isotope analysis.  There 

are three main aims: to investigate the prehistoric diets of humans and two of their key 

commensals on Aitutaki using stable carbon and nitrogen isotopes.  Then to look at the diet 

of these three groups over time and consider it in the context of the development of 

agricultural systems on Aitutaki, as well as in light of the wider context of cultural 

developments and environmental change in the Cook Islands and Polynesia as a whole.  

And ultimately, to more fully understand the complex interactions between humans and the 

two largest commensals in order to evaluate the utility of these animals as proxies for 

humans in dietary analyses. 

Determining the character and development of the subsistence systems of the 

Polynesians and their ancestors through archaeological investigation has been the focus of 

much work in the region, with early debates over the concept of ‘strandloopers’ who 

concentrated on fishing and gathering wild resources versus models that emphasised the 

horticultural side of their subsistence (Burley and Clark 2003:239; Davidson and Leach 

2001).  Yen’s (1973) paper on the adaptation of ancestral Polynesian subsistence systems 

to new environments, along with Kirch’s (1984) model of increasing complexity in the 

development of these new systems, greatly influenced subsequent investigations in the 

region.  Recent work on subsistence has branched out in a variety of directions, some of 

the current areas of interest that influence this thesis are characterisation of subsistence 
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systems, change in those systems and how people adapt to them, and archaeobotany, as 

well as other non-archaeological evidence for the development and character of 

subsistence systems.  In the Cook Islands, Campbell (2001; 2003) and Allen (1992) stand 

out as in-depth investigations, utilising a variety of sources of evidence, of the prehistoric 

subsistence systems of Rarotonga and Aitutaki respectively.  They also deal with how 

these systems changed over time and the ways in which people adapted to that change, and 

this is an important theme around Polynesia and the Pacific in general.  Stevenson et al. 

(2006) and Ladefoged (2000) examined changes on Rapa Nui (Easter Island) and Hawaii 

using an evolutionary approach, and tried to understand how people used innovations in 

agriculture to adapt to changing environments and therefore reduce the uncertainty of 

production they faced.  Foraging theory is another way of approaching the ways in which 

people alter their behaviours in response to change, and Nagaoka (2002; 2002; 2006) has 

studied this extensively in the South Island of New Zealand in relation to seal and moa 

hunting, and the decline of both those resources as the result of human predation.  

Resource depression was also the focus of Butler (2001) who looked at declining fish 

numbers on Mangaia in the Cook Islands.  Intensification (Leach 1999) is another way that 

people can deal with changing environments and increasing populations.  For example, 

Vitousek et al. (2004) examine intensification in the context of differences in soil type and 

climate, concluding that the type of society that develops relies heavily on the degree of 

agricultural intensification possible on the soil types in the area.  Kirch’s (1994) work ‘The 

Wet and the Dry’, which examined the role of landscape and climate in Polynesian 

agricultural and cultural development, followed very similar lines.   

The spread of Polynesian agriculture across the region with the colonists resulted in a 

basic similarity between the islands, but there are variations in the flora and fauna on each 

island.  Archaeobotany has given us some insight into the processes that resulted in these 



 3

differences.  Work on the preserved remains of kumara (Ipomoea batatas) from Mangaia 

ca. AD 1000 (Hather and Kirch 1991) and Hawaii in the 14th century (Ladefoged et al. 

2005) help us understand the timing of its movement across East Polynesia from South 

America.  Similarly, the presence in Fiji of taro (Colocasia esculenta) and yam (Dioscorea 

spp.) remains from the first century BC (Horrocks and Nunn 2007) shows the spread of 

Lapita horticulture along with the first settlers, and the presence of taro and yam in New 

Caledonia ca. 750-150 BC (Horrocks et al. 2008) is the first direct evidence for prehistoric 

horticulture on the island.  Bay-Peterson (1984), Giovas (2006) and Kirch (2000) have all 

looked at the reasons behind the variable distribution of pigs across the region, citing many 

examples of their prehistoric presence on an island, but not at European contact.  

Linguistic evidence is another method of determining the presence or absence of particular 

plant and animals species and the extensive work done by Kirch and Green (Kirch and 

Green 2001) on reconstructing the language of the Polynesians ancestors has given great 

insight into their physical world and subsistence systems. 

Unlike the archaeofaunal and linguistic evidence, the archaeological remains 

generally reflect only the less perishable components such as bone and indirect measures 

such as processing tools and landscape changes to accommodate agriculture.  The bulk of 

the diet, however, likely consisted of more perishable items such as plant foods.  While the 

recovered bone can be used to examine the animals consumed, the plant component of the 

diet virtually disappears from the record except in exceptional circumstances, leaving a 

large gap in our knowledge about this major portion of the diet.  The ethnographic records 

on diet contain their own biases, the accounts were written by Europeans who would have 

had their own cultural and political views, and naturally they did not document every 

aspect of the culture that we might be interested in at the present time.   



 4

The circumstances under which plant material preserves are few: desiccation, 

waterlogging and charring.  As a result, our knowledge of the role of plant foods in the 

Polynesian diet can generally only be inferred from indirect sources such as field and 

irrigation systems, and artefacts such as peelers and scrapers, as well as the linguistic and 

ethnographic evidence discussed above. 

Allen (2003) has also identified a number of factors that inhibit regional comparisons 

of faunal assemblages.  Variation in quantitative measures (NISP and MNI), screen size, 

recording of bone concentration/density in deposits, basis for identification of species, and 

counts of all elements used in analysis mean that detailed comparisons between sites 

excavated by different archaeologists are difficult, and even more general comparisons are 

hindered by the uncertainty that like is being compared with like.   

While this gap in our knowledge of Polynesian diet does not preclude reconstructions 

based on these lines of evidence, a certain amount of uncertainty is inherent.  Independent 

evidence that could provide additional data related to, for example, the contention that 

terrestrial productions systems were never able to replace the protein that was available 

from native resources (Kirch 1984:160), or the apparent trend towards less offshore fishing 

and perhaps less fishing altogether in several islands (Allen, Ladefoged et al. 2001; Dye 

and Steadman 1990; Leach et al. 1997; Rolett 1989), would be valuable.  The technique of 

stable isotope analysis can provide such independent evidence, and is particularly useful in 

that it includes the plant component of the diet. 

1.2 Adding stable isotopes to the mix 

Aitutaki, in the southern Cook Islands, has been the focus of work by Melinda Allen 

(1992; 1994; 1996; 1997; 1998; 2002; 2003; 2004; 1997; 2007).  Her work on the 

prehistoric subsistence system was of particular interest to me, and combined with work on 

other areas such as fishhook use and changes over time, raw material exchange, climate 
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and environmental change, provided an excellent base from which to expand the 

investigations in new directions that made use of stable isotope analysis, an under-used 

application  

Allen’s (1992; 1994; 1996; 2002) research on changes in the faunal record over time, 

along with Nicholls’ (2003), has revealed changes in fishing techniques, species 

composition, and importance of fish over time in prehistoric Aitutaki.  She links these to 

changes seen in fishing technology and to other shifts in the subsistence systems of 

Aitutaki.  However, faunal remains are the only part of the subsistence system known from 

the archaeological record.  Although Allen assumes that plant carbohydrates are 

contributing the bulk of calories to the diet, and their availability was likely the limiting 

factor in population growth, we know virtually nothing about horticulture on the island or 

indeed whether the population was under any environmental pressures at all.  As such, 

there is clearly a large gap in our knowledge in this respect.   

The non-fish faunal assemblages from Aitutaki do not show any coherent, directed 

change in numbers.  Kirch (1984:160) has suggested that in Polynesia in general, increased 

terrestrial protein compensated for decreased marine protein, which is not supported by the 

Aitutaki assemblages.  The trends that are visible are weak, and there is a great deal of 

variation between the sites themselves, as well as between pigs and dogs within each site.  

Allen proposes two possible explanations for this: small sample size masking change, or a 

fairly stable population by the time of site establishment (Allen 1992:386, 437).  Another 

possibility is that the situation in prehistory was more complex than substitution of 

terrestrial protein for declining marine protein.  Variation between sites may reflect 

different usage and this is what Allen (1992), using artefacts and features as well as fish 

bone, argues in some detail was true for Ureia, a permanent settlement with a variety of 

activities taking place, and Moturakau, a site largely dedicated to one function—fishing.   
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The complexities involved in understanding prehistoric diet discussed above are 

well-known and certainly not limited to Polynesia.  In recent years stable isotope analysis 

has increasingly been used to assist in reconstruction of the diet of prehistoric groups 

around the world, and has provided valuable information on diet and dietary changes over 

time that are hinted at in the archaeological record or previously unsuspected, extending as 

far back in time as Australopithecus africanus (Dupras and Schwarcz 2001; Emery et al. 

2000; Katzenberg and Weber 1999; Minagawa and Akazawa 1992; Müldner and Richards 

2005; Valentin et al. 2006; van der Merwe et al. 2003; White et al. 1993).   

Stable isotope analysis is a technique which allows archaeologists to determine the 

diet of an individual through examination of chemical traces left in the skeleton.  Although 

the technique has its own inherent problems, many can be controlled for, and the results 

can provide independent evaluation of trends seen in the material and faunal component of 

the archaeological record.  As it is recording food eaten by one individual during a 

particular period of their life, stable isotope analysis gives us another way of looking at 

variation in diet between different groups within society (class, gender, age etc.), as well as 

change in diet over that particular individual’s life.  Combining the information from a 

variety of individuals together allows us to examine variation within a population, 

increasing the amount of information available to us. 

Most middens and sites represent the deposition of material by many people, doing a 

variety of things, over a period of time: the people may not always dump their garbage in 

the same place in the same way; they may move away from the site for a period of time to 

carry out a different activity; fewer people deposit less material; taphonomic processes 

may remove the remains from the record entirely or reduce the amount of information 

available through diagenesis; and lastly, all interpretation depends on archaeologists 

actually locating the midden or site.  Stable isotope analysis relies on the presence of well-
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preserved archaeological remains so the technique is also affected by the location of sites 

and taphonomy, but as the information on the diet is contained in one individual’s bone, it 

is less affected by changes in the way people dispose of their rubbish or how many of them 

there are depositing it.  There are a variety of different elements to work with, each with 

their own particular strengths.  For example they can reflect the proportions of vegetable 

and meat in the diet (though it is biased towards protein intake), and whether that protein is 

terrestrial or marine in origin.  Using isotopes of more than one element gives a much 

finer-grained picture of diet than utilising just one element, and often a second or third 

element will confirm a dietary trend that is suggested in the first, or expose one that was 

not. 

Evidence of diet is contained in a single bone, or tooth, of an individual, thus 

enabling information to be extracted from a small assemblage, ideal in this situation.  

Trends in diet that are masked by small sample size in traditional faunal studies may be 

clarified by stable isotopic analysis of the consumer population.  For example, changes in 

the relative proportions of marine and terrestrial protein in the diet will be reflected in 

human bone.  It is also possible that changes in human diet may be reflected in pig and dog 

diet, given that the majority of the protein in their diet would have been derived from 

humans in one form or other.  Thus the addition of stable isotopes to the already well-

established faunal studies gives us the flexibility to address a variety of problems in 

different ways, increasing the chances of isolating shifts in the diet over time.  Stable 

carbon and nitrogen isotopes were used in this analysis as they are particularly suited to 

situations where there is a combination of marine and terrestrial foods in the diet and there 

are questions about the importance of particular sources of protein. 

One of the major drawbacks to using stable isotopes to investigate human diet, 

however, is that human bone is usually required.  This can be problematic for several 
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reasons: many sites do not contain human bone, thus ruling them out of traditional methods 

of stable isotope analysis; if the site does contain human bone there may be ethical 

obstacles to using it, for example indigenous peoples’ objections to study of human 

remains; and lastly, even if there is human bone present, and no obstacles to using it, there 

may not be a large enough assemblage to examine change over time. 

Using a proxy for the human bone, therefore, could open up a much wider range of 

sites to study of human diet than would be possible relying solely on human bone.  

Previous studies in other parts of the world have investigated the use of dog bone to 

corroborate trends in the archaeological record (Cannon et al. 1999) or to provide dietary 

information when there is no human bone present (Clutton-Brock and Noe-Nygaard 1990; 

Dark 2003; Day 1996; Loy et al. 1992; Schulting and Richards 2002). 

Stable isotopes thus build on the current archaeological evidence for diet from 

Aitutaki, as well as allowing it to be examined in new ways.  We can also expand our 

understanding of the nature of variation in diet, looking at how the diet of individuals 

differed within a population as well as populations differing from each other.  The nature 

of the technique allows more information to be extracted from small assemblages, although  

the effects of a small sample size cannot be completely avoided with stable isotope 

analysis, it may mean that the full range of variation in a population is not necessarily 

represented by the samples at hand.  Combining this fine-grained dietary information with 

archaeological, ethnographic, geographical and climatic information provides the 

opportunity to consider larger theoretical questions about how populations adapt to new 

and changing environments and deal with stress or uncertainty. 

1.3 Theoretical background 

These two questions are particularly relevant in Polynesia where people adapted not 

only to new environments but environments undergoing rapid change as a result of the 



 9

arrival of humans and their transported landscapes.  The term ‘transported landscapes’ is 

commonly used in archaeology to describe the suite of plants and animals that 

accompanied humans as they colonised new areas.  The phrase was coined by Edgar 

Anderson (1952:9) who said “unconsciously as well as deliberately man carries whole 

floras about the globe with him…he now lives surrounded by transported landscapes”.  

While Anderson was referring to plants in particular, we now know that for the 

Polynesians, animals such as pigs and dogs were also an integral part of this ‘landscape’.  

Although plants and animals may be the most obvious components of a transported 

landscape they do not exist in a vacuum.  For example, the knowledge that yams require 

dry growing conditions, whereas taro requires wet conditions, is just as important as the 

plants themselves (Yen 1973:70).  As Yen explains: 

Subsistence systems may be seldom transported in toto, and cultural 

methods may or may not be transferable without immediate modification; 

however, the concepts that underlie method are a part of the cultural 

armoury transferred. (Yen 1973:70)[Emphasis in original] 

The role of agriculture in society, and the knowledge of how the component parts 

interact, is also part of the transported landscape.  For example, in Polynesia pig husbandry 

is largely dependent on agriculture to provide foods such as coconuts, breadfruit and sweet 

potato; if a group is transporting pigs to a new island, agriculture would likely be 

transferred as well if they are to provide an ongoing source of protein (Yen 1973:70).  The 

knowledge that was transported from island to island would have included both a marine 

component: which fishhooks catch what kind of fish, how to make those fishhooks, how to 

construct nets and build fish weirs, which fish were poisonous, etc; and a terrestrial 

component: what conditions taro grows best in, swidden gardening techniques, where to 

locate settlements, and so on. 



 10

One of the first, and most influential, investigations into the origins and adaptation of 

Polynesian agricultural systems was Yen’s (1973) paper The Origins of Oceanic 

Agriculture, in which he characterised agriculture in the area as “derivative”, contrasting it 

with systems in the New and Old Worlds in which local domestication had taken place.  

The unique subsistence systems found throughout Remote Oceania were a result of the 

adaptation of the ancestral systems (plants, animals and concepts) to new environments.  

The evolutionary nature of this model was explicitly stated although Yen did allow for the 

influence of human culture and history (Yen 1973:84). 

Following on from Yen’s work, Kirch’s (1984) model of the development of 

Polynesian production systems proceeds from simple to complex in three main stages 1) 

adaptation 2) expansion and 3) intensification (Kirch 1984:152). “Essentially this process 

is that of the ‘founder effect’, which in the adaptation of agricultural systems acts both on 

the genetic material of transferred cultigens, and on the cultural basis for agronomic 

practice” (Kirch 1982:1).  Kirch (1984:193) was also very interested in the intensification 

of production that he saw occurring on all Polynesian islands, linking it with increases in 

population and the demands of the political economy.  This model has proved to be a 

useful way for archaeologists in the last 20 years to conceptualise processes of agricultural 

and social development throughout Polynesia. 

Despite acceptance of the basic utility of these models, it has become apparent that 

there is a great deal more variation in the archaeological record than can be adequately 

explained by pan-Polynesian theories, or indeed by such theories anywhere in the world.  

Darwinian evolutionary theory has become a popular way of accommodating this ever-

present archaeological variation and for discerning patterns and processes over time.  

Evolutionary ecologists use Darwinian concepts of fitness to examine human behaviour, 

looking at how human societies develop strategies for maximising their success within a 
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particular environment, drawing on many different types of behaviour and viewing them as 

an integrated whole (Broughton and O'Connell 1999:153).  Considerable borrowing from 

ecological theory has resulted in the incorporation of concepts such as foraging behaviour 

(specialist vs. generalist, resource depression) (Allen 2002; Broughton and O'Connell 

1999; Butler 2001; Nagaoka 2002), risk (Allen 2004; Allen, Ladefoged et al. 2001; 

Cashdan 1990; Halstead and O'Shea 1989; Rautman 1993; Winterhalder 1990:72) and prey 

choice (Broughton and O'Connell 1999).  It has also proved useful in examining 

agricultural developments and intensification (Cashdan 1992; Halstead and O'Shea 1989; 

Winterhalder 1990).  One of the strengths of this approach is that it requires researchers to 

develop predictions as to how the particular behaviours will improve fitness and how it 

will manifest itself archaeologically.  The result is “explicit propositions about the 

determinants of behavior that can be falsified empirically” (Broughton and O'Connell 

1999:153). 

Broughton and O’Connell (1999:153) use evolutionary theory to encompass the role 

that choice plays in outcomes, as well as the role of history in influencing the decisions 

made and the options available to choose from in the first place.  They explain that 

“optimization logic” only applies to the best strategy within the range of choices available 

to the individual or group at that time.  It is not denying the influence that history will have 

on what choices might be considered culturally appropriate, or even what choices will be 

available due to the environment for example.  The ability to incorporate history is vital in 

this thesis and will be elaborated upon later. 

The interest in understanding complex systems in prehistory is also reflected in work 

done in Polynesia.  There is a growing realisation amongst archaeologists in the region that 

change in subsistence systems is far more complex than earlier models would have 

suggested.  It is no longer possible to link change in subsistence patterns solely to 
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increasing populations, or to the demands of an increasingly powerful chiefly class.  In 

order to understand one part of a subsistence system, it is important to understand, or 

attempt to understand, how it articulated with the entirety of the subsistence system as well 

as with social and cultural processes, and the environment (both natural and 

anthropogenic) in which all this activity took place. 

Our understanding of prehistoric production systems on Aitutaki is fragmentary.  

Allen’s work (Allen 1992, 1994, 1998, 2002, 2003; Allen and Wallace 2007) on Aitutaki 

clearly shows that there is a complex interactive relationship between changes in fishing 

practices and changes in fish resources, human technology, population, landscape, and 

landscape utilisation.  Her detailed work on the large fish assemblages, along with work by 

Nicholls (2000; Nicholls et al. 2003), is particularly pertinent to this thesis, as she 

investigated how this important part of the Polynesian subsistence system articulated with 

agriculture and animal husbandry, as well as how perceptions of risk may have influenced 

the choices people made.  Despite this work our knowledge of how the other two major 

components of production, agriculture and animal husbandry, operated on Aitutaki in 

prehistory is scanty at best and largely based on analogy from other Polynesian islands.  

This thesis will address the gaps in our knowledge by examining the whole of the human 

diet—seafood, domestic animals, and plants—as well the role of pigs and dogs both as an 

integral part of the Polynesian subsistence system and as consumers themselves.  By 

considering change in diet as part of a larger whole it will be possible to draw links 

between it and changes in the total production, as well as changes in land-use, the 

environment and in Aitutakian society itself.   
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One useful strategy for incorporating multiple strands of evidence together is 

historical ecology1 which “…involves the empirical investigation of relationships between 

humans and the biosphere in specific temporal, regional, cultural, and biotic contexts…” 

(Balée 1998:3) and is ideally situated to considering this type of complex, interdependent 

system.  Most importantly, it focuses on the dialectical relationship between humans and 

their environment, exploring “sequences of mutual causation” (Crumley 1994:5).  

Winterhalder (1980) sees this interaction between humans and their surroundings as 

forming an actual part of the environment.  Building on this concept, historical ecology 

also recognises that even in the past there were very few landscapes that were entirely 

unaffected by human behaviour (Kirch 1997:2) and this is important when considering the 

history of the Polynesian islands and their anthropogenically altered ‘natural’ and 

transported landscapes.  Crumley (1994:6) defines historical ecology as “the study of past 

ecosystems by charting the change in landscapes over time” and as such it presents a way 

of integrating the various aspects of these landscapes rather than treating them as 

individually operating subsystems.  Consideration of ‘history’ is also an integral part of 

this research strategy, as its name suggests, and again this is important when considering 

the prehistory of Polynesia.  As will be discussed further below, the plants and animals that 

the Polynesians had available to them were largely a product of history: a history of which 

species were initially transported from SE Asia by the Lapita people; of which species 

                                                 

1 There is some debate as to whether historical ecology is unique enough in outlook 

and practice to qualify as a paradigm on its own.  Some would say yes, others place it as a 

method within the larger field of historical anthropology (Balée 1998:5).  Another option is 

to take the middle road and describe it as a research strategy (Balée 1998:5) as I have done. 



 14

were adopted from the earliest inhabitants of Near Oceania2; of which species survived the 

voyages to new islands; and of which species were able to live in the new environments on 

offer.  These environments also had histories of their own - different ages, geological 

origins, landscapes, native species and climates that necessitated novel adaptive techniques 

and ways of dealing with the changes that occurred over time as the result of human 

occupation. 

The use of evolutionary theory in archaeology has proved to be an important way of 

looking at these adaptations and how humans responded to changes in the environment 

(both natural and anthropogenic) in ways that allow a society to grow in size and survive in 

order to pass on their genes and culture to succeeding generations (e.g. Allen 1991; Kirch 

1994; Ladefoged and Graves 2000).  The strategies that people adopt in order to maximise 

their chances of success have an almost infinite amount of variety; but overall specialised 

systems are the most highly productive, resulting in increased fitness, greater success in 

rearing children, and therefore increased population.  Specialised systems are defined as 

those that focus on just a few very productive resources (Leonard 1989:498).  It might 

                                                 

2 Green (1991:494-5; 1994:24-6) uses the term Near Oceania to define the usually 

intervisible islands of New Guinea, Bismark Archipelago and the Solomon Islands, which 

have high biogeographic diversity, have been inhabited since Pleistocene times, and whose 

languages are both Papuan and Austronesian (Kirch 2000:5).  In contrast is Remote 

Oceania, the islands to the north, east and southeast of Near Oceania.  The islands are at 

least 350km from each other, and to travel between them requires voyagers to be out of 

sight of land for an often considerable amount of time (Green 1991:494-5; 1994:24-6).  

Inhabitants of Remote Oceania speak only Austronesian languages and the settlement of 

the islands did not occur until after 3500BP (Kirch 2000:5). 
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seem odd, therefore, that some societies take the alternate route and follow a more 

generalised strategy of production – utilising a wider range of less productive resources.  

However, specialised productivity “comes with a burden of high instability that arises from 

the potential for failure of one or a few key resources” (Larson et al. 1996:220) and 

increases immediate output at the possible expense of long-term survival (Colson 

1979:23), whereas the more generalised systems, based on a greater variety of resources, 

are far more stable but do not result in the population growth seen in specialised groups 

(Leonard 1989:498).  The more vulnerable the environment, the more diversified the 

economic activities tend to be (Colson 1979:23).  Groups do not usually follow one 

strategy completely, but will incorporate aspects of both into their subsistence strategies, 

favouring one over the other depending on their situation.  Which aspect will be favoured 

over the other will depend on the group’s perception of the risks involved in focussing on 

just a few resources.  In this thesis risk is defined as unpredictable variability in the 

environment (both natural and social) (Allen 2004; Halstead and O'Shea 1989; Rautman 

1993:404), or as an outcome of a decision that has greater variance than an outcome 

perceived as less risky (Cashdan 1990; Winterhalder 1990:72).  Winterhalder holds to the 

latter definition when he says “risk is taken to be the probability of falling below a fixed 

minimum requirement… This minimum threshold might be starvation or some less 

catastrophic cost to fitness or adaptation” (Winterhalder 1990:72).  This risk results in 

uncertainty as to which course of action to take in order to ameliorate any possible 

negative outcomes (Allen 2004; Halstead and O'Shea 1989; Rautman 1993:404) and may 

limit the options that could be used to deal with the risks stemming from the environmental 

variation (Rautman 1993:404), with some avenues not explored due to a perception that 

they were too ‘risky’.  Larson discusses techniques that can be used to even out variation:  
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1) altering resource production techniques, such as water control, planting 

drought-resistant crops, or planting multiple fields in several environmental 

zones; 2) storage of resources during favourable times for consumption 

during bad times; 3) exchange; 4) pooling harvests within sharing networks 

which may be facilitated by ritual and ceremonial activities that integrate 

regional settlements; 5) raiding and regional warfare to establish and protect 

territories. Stability is also enhanced by maintaining a somewhat diversified 

resource base, for example, by continuing to utilise wild resources along 

with agricultural resources…with greater numbers of food resources there is 

a corresponding reduction in the overall variance in food production rates 

(Larson et al. 1996:221) 

Leonard (1989:500) also suggests that selection may have favoured those groups 

who used technological mechanisms that worked to increase stability such as “water 

control, the use of multiple fields, the locations of settlements, [and] increased storage”, as 

do Halstead and O’Shea (1989:3) who list diversification and physical storage as two of 

the major types of buffering strategy.  Most authors (Halstead and O'Shea 1989:4; Larson 

et al. 1996:234; Leonard 1989:500; Rautman 1993:404) also emphasise the importance of 

social networks in buffering societies against risk, with higher risk environments 

producing more integrated social networks than more stable environments.  Both Colson 

(1979:20) and Kennett and Kennett (2000:389) found a mixture of responses to limited 

food resources, with both reliance on social networks as well as a certain amount of 

fracturing of those networks.  “Individuals responded to highly unstable environmental and 

social conditions in various ways, violently competing for available resources with some, 

while cooperating with others” (Kennett and Kennett 2000:392). 
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One of the greatest challenges to evaluating responses to risk in prehistoric societies 

is quantifying the risks they may have faced, and identifying their responses in the 

archaeological record.  Understanding the variability inherent in a particular environment 

will provide the researcher with the basis for predicting what risk buffering strategies 

might be successfully employed (Halstead and O'Shea 1989:3).  Paramount in 

understanding variability is determining its temporal structure (how often and for how 

long), spatial structure (over what area) and relative intensity (how severe the shortages 

are) (Halstead and O'Shea 1989:3).  Halstead and O’Shea also identify two types of 

variation in the environment, predictable and unpredictable.  Predictable variation 

encompasses such things as seasonal or annual changes that occur on a fairly regular basis 

(low uncertainty and less risk).  Unpredictable variation includes climatic occurrences such 

cyclones, pest infestations, or cyclic phenomena that repeat on a longer time scale than can 

be culturally encoded for (high uncertainty and risk) (Halstead and O'Shea 1989:3).  “By 

evaluating the factors that produce scarcity in terms of these three basic characteristics, 

therefore, one can obtain a relatively detailed profile of those elements with which a 

buffering strategy must cope” (Halstead and O'Shea 1989:3).  It is also important to note 

that the risks that a society must deal with will change over time and as Ladefoged and 

Graves (2000:425) point out “optimality is not a fixed quality or quantity associated with 

environmental structure, but rather varies over time and in relation to payoffs and 

associated costs”.   

In this thesis I will explore potential causes of instability, both natural and human-

induced, on Aitutaki in the past.  Drawing on the isotopic and archaeological evidence, as 

well geological, botanical and zoological work in the area, I will use an historical ecology 

approach to the problem of subsistence change in prehistoric Aitutaki. 
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1.4 Research Design 

This thesis has three main aims: 

1. To investigate the diets of humans, pigs and dogs on Aitutaki 

We have little idea as to the individual variability and overall change in the plant 

portion of the diet during the preceding millennia.  Using stable isotopes to gain 

direct access to that diet will give us not only insight into the diets of humans, pigs 

and dogs, but also into the variability within a population at any given time, 

something that is difficult to achieve using more time-averaged methods.  In 

addition, understanding the husbandry of pigs and dogs in the Cook Islands is 

important, given their major role in traditional Polynesian production systems.  

Little is known about feeding regimes for the two, how their diets related to human 

diet, and to what extent they may have competed with humans for food. 

Understanding the role that pigs and dogs played in the production systems of the 

Cook Islands will enable us to more fully understand the articulation of other 

components, such as agriculture and fishing. 

2. To examine shifts in the diets of the three species in the wider context of 

environmental and cultural changes 

The specific question of the apparent decline in fishing in the Cook Islands in late 

prehistory will be addressed, as will general changes in the diet of all species.  The 

faunal assemblages suggest there was a decline in the amount of fish consumed as 

well as shifts in the types of fish taken.  Stable isotope analysis can be used to 

further determine both the nature and degree of these shifts in diet. Possible 

causative factors such as responses to changing environments and increasing 

pressures on resources will be explored in relation to these changes, helping us 
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further understand the processes of colonisation of islands and human responses to 

both environmental and cultural factors. 

3. To determine the relationship between humans and their two main commensal 

animals. 

While a small amount is known about the relationship between humans and their 

pigs and dogs in Polynesia immediately post European contact, our understanding 

of those relationships in prehistory is sorely lacking.  Given the importance of pigs 

and dogs in Polynesian subsistence systems, one way to begin to remedy this gap in 

our knowledge is to examine the diets of the three and how they relate to one-

another.  In addition to informing on the relationships between the three species, 

analysis of pig and dog bone potentially gives two independent data sets from 

which to reconstruct human diet – both by reflecting changes in human subsistence 

patterns in the foods they were fed or had access to, as well as substituting for 

human bone if the relationship between the two diets is known.  I do not assume 

that pigs and dogs were eating exactly the same diet as humans.  Rather, it is 

assumed that pig and dog diets will parallel human diet, and reflect large-scale 

changes in the general availability of marine as opposed to terrestrial sources of 

protein.  Ethnographic evidence indicates that on many Polynesian islands their diet 

was very similar to humans both as a result of deliberate feeding, and of 

scavenging. Additionally, projects elsewhere have successfully used stable isotope 

analysis on dog bone to reconstruct human diets, for example in British Columbia 

(Cannon et al. 1999), Denmark (Noe-Nygaard 1988), England (Clutton-Brock and 

Noe-Nygaard 1990) and South America (Burleigh and Brothwell 1978).  This study 

will take the use of animal bone as proxy further than these previous studies – by 

using both dogs and pigs and thus providing two independent sources of dietary 
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information, and also by using them to create a larger assemblage, along with 

human bone, in order to look at dietary change at sites where the human 

assemblage alone is too small.  Understanding these dietary relationships gives us 

further insight into the way humans interacted with their two largest and most 

important commensal animals, who had a major role both in cultural and 

subsistence systems throughout Polynesia. 

 

There are two main themes running through the first two aims, which flow on to the 

third, that of the relationship of marine and terrestrial protein in the prehistoric diet, and 

how that changed over time.  Stable isotope analysis has been chosen as a way of 

independently evaluating the archaeological evidence as well as providing new insights 

not available using more traditional archaeological techniques.  Stable carbon isotopes are 

particularly good at distinguishing between marine and terrestrial protein in the diet, and 

nitrogen reflects the importance of protein in the diet or the trophic level at which the 

consumer occupies (Ambrose 1993).  They are also the stable isotopes most commonly 

used in dietary reconstructions, ensuring that the results from this thesis can easily be 

compared to other work in the field. 

If the archaeological evidence of declining amounts of fish in the diet and a shift in 

the kinds of fish caught holds true, then it is possible to make some predictions about the 

ways in which the stable isotopes will change over time.  The carbon isotopes will reflect 

shifts in emphasis from marine to terrestrial, in this case the 13C will be more depleted in 

later time periods as terrestrial foods tend to be more depleted in 13C than marine 

(Schoeninger and Moore 1992).  Marine protein tends to have more enriched nitrogen 

isotope values than terrestrial, so a decline in the amount of fish that is made up for with 

more terrestrial protein will likely show as more depleted consumer 15N values, as will a 
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decline that is not compensated for with terrestrial protein – the latter will be a larger shift 

than the former. 

Along with the actual changes in diet, it is necessary to consider whether the 

evidence supports Allen’s (2002:208) suggestion that these changes in diet were a response 

to a greater emphasis on protecting and maintaining terrestrial resources along with the 

greater risk of deep water fishing.  Identifying uncertainty in the archaeological record is 

difficult.  Shifting from concentrating on a resource that provides a high but unpredictable 

return such as fishing to a more generalised strategy which places greater emphasis on 

agriculture which might have a lower return but one which is more predictable, is a 

strategy that has been used by other groups (Leonard 1989:498).  Other changes that might 

be discerned either archaeologically or through other lines of evidence are increased social 

networks, increased storage facilities and possibly increased violence (Colson 1979; 

Halstead and O'Shea 1989; Kennett and Kennett 2000; Leonard 1989) 

In order to provide samples for stable isotope analysis and thus address the aims, the 

following research strategy was followed.  Samples of archaeological human, pig and dog 

bone were taken from a variety of sites and stratigraphic layers on Aitutaki, and the results 

from stable isotope analyses of these samples were used to examine dietary variation 

within populations as well as changes in the diet over time.  Having access to a certain 

amount of human bone was essential in order to establish a baseline against which to 

compare the pig and dog diets and the traditional owners of the sites where the human 

bone used in my thesis was excavated kindly granted me access to those samples.  I discuss 

the consent process more fully in Chapter 5. 

Samples from a wide range of plants and fish from Aitutaki formed the basis of a 

suite of background dietary values against which the isotopic values from the 

archaeological samples could be compared.  Using dietary sources from the locality under 
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study is vital to obtaining the most accurate dietary reconstructions (Ambrose 1993:85-6) 

and this is often a problem in the central Pacific region where there are only a few 

published sources of potential food isotope values, modern (Ambrose et al. 1997; Leach et 

al. 1996; Leach et al. 2001) or archaeological (West 2007), and more problematically there 

were none specifically from Aitutaki.  Previous studies have of necessity been forced to 

use values from other parts of the world (Leach et al. 1996; McGovern-Wilson and Quinn 

1996).  Thus these dietary samples form a unique assemblage in East Polynesia as well as 

setting an important precedent for future studies on other islands. 

The small sample size available for study necessitated the use of a variety of skeletal 

elements from both juvenile and adult individuals.  Consideration of various sources of 

variation ensured that the differences between individuals within the populations were due 

to actual dietary differences rather than life-history.  For example, because the samples 

were from a wide age range, the identification of nursing animals was important as they 

have more enriched isotopic signatures relative to older animals (Balasse et al. 1999; 1995; 

Katzenberg et al. 1993).  Other factors that may affect isotopic values from the Aitutaki 

bone such as different isotope values from coral reef environments (Keegan and DeNiro 

1988), water conservation leading to nitrogen enrichment (Ambrose 1991; Ambrose and 

DeNiro 1986, 1986; Sealy et al. 1987) and pigs and dogs obtaining marine protein on their 

own (Groves 1981; Spennemann 1990; Titcomb 1969) were also considered. 

1.5 Organisation of the Dissertation 

Chapter 2 discusses the settlement of Polynesia and the origins of the agricultural 

systems in the region along with the role of pigs and dogs in Polynesian society.  This 

forms the background for the processes taking place on Aitutaki itself.  Chapter 3 focuses 

on the physical setting of Aitutaki, as well as the the archaeology, presenting the sites and 

a detailed examination of the stratigraphy and site formation processes .  Chapter 4 
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introduces stable isotopes, focusing on carbon and nitrogen, and explores in depth the 

factors which may affect their use on the archaeological and modern samples.  

Understanding the sources of potential variation in the isotopic values is crucial in 

establishing that any differences are due to differences in diet rather than external factors.  

The statistics used to analyse the results are discussed in this chapter as well, along with 

the computer models used in dietary reconstruction.  The results of the stable isotope 

analyses are presented in Chapter 6 as well as the statistical analyses and basic dietary 

reconstructions.  Chapter 7 contains the discussion and conclusions.  The basic results 

presented in the previous chapter are considered in depth and in relation to one another.  

Evidence from a wide range of sources is drawn together and placed alongside the isotopic 

results in order to evaluate the predictions made above as well as to present novel insights 

into the diet of prehistoric Aitutaki not possible using other methods of dietary 

reconstruction.  
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CHAPTER 2:  

POLYNESIAN PREHISTORY 

2.1 Introduction 

The southern Pacific represents the last frontier of human expansion across the 

globe, beginning when people first entered the area of Sahul and Near Oceania 40-

60,000BP in one of the earliest known instances of deliberate ocean voyaging by humans 

(Kirch 2000:67-8; O'Connor and Chappell 2003).  It finished in the sub-antarctic islands 

south of New Zealand in the 14th century (Anderson and O'Regan 2000; Hogg et al. 2003).  

This chapter will briefly examine the history and development of Polynesian subsistence 

systems as they relate to the areas of interest to this thesis, from their distant ancestors in 

Island Southeast Asia and Island Melanesia out through the far flung islands of East 

Polynesia.  While the suite of plants, animals and knowledge that constituted the 

Polynesian ‘transported landscape’ (Anderson 1952:9) meant that each island in an area 

may have started out with roughly the same building blocks, the paths they took after 

settlement diverged rapidly.  As this thesis is concerned with those changes on Aitutaki it 

is important to understand the base from which it started.  Pigs and dogs were not only part 

of this package but were also important for cultural reasons, and their role in Polynesian 

society will be examined in order to interpret the results of the dietary analysis. 

2.2 The Polynesian subsistence system 

Evidence from Island Melanesia shows that by the Pleistocene the people had a 

diverse subsistence base, incorporating hunting and gathering as well as marine resource 

exploitation.  The latter included specialised technologies such as fishhooks (inferred from 

drilled blanks); and the presence of pelagic (deep water) fish species in early sites indicates 
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that their watercraft and trolling techniques were fairly advanced (O'Connor and Chappell 

2003:26).  Later developments in the Holocene show settlement shifted to villages and 

there was a greater emphasis on agricultural activities (O'Connor and Chappell 2003:26).   

It is likely that many of the plant cultivars transported throughout Near and Remote 

Oceania had their origins in the New Guinea and Bismarcks area, including the very 

important taro (Colocasia esculenta) (Yen 1991).  Also thought to be native to the area are 

banana (Musa troglodytarum), sugarcane (Saccharum officinarum),  ti (Cordyline 

fruticosum) and atoll taro (Cyrtosperma chamissonis) (Kirch 2000:78-9; Yen 1991).  

Breadfruit (Artocarpus altilis) has a long and complex history in the region (Zerega et al. 

2003), moving out in to Island Melanesia as seeded varieties before becoming vegetatively 

propagated in West Polynesia.  Fruit and nut trees were important members of the locally 

cultivated plants, and these included the Canarium almond, Tahitian (or Polynesian) 

chestnut (Inocarpus fagiferus), Barringtonia asiatica and the Eastern tropical-almond 

(Terminalia glabrata) (Kirch 2000:78-9; Yen 1991). 

The people were experienced in moving animals between islands with evidence for 

the movement of non-domesticated animals such as the cuscus, various species of rats, 

bandicoots and wallabies (Matisoo-Smith 2007:347-8).  However, there is no evidence for 

more traditional domestic animals until the possible introduction of the pig (Sus scrofa) to 

New Guinea from SE Asia ca.3000 BC.  This appears to predate the appearance of Lapita 

in the region around 1500 BC (Kirch 2000:90) and shows that links with Southeast Asia 

may have been operative at this time (Green 2000:380; Kirch 2000:78).  The Lapita people 

are generally agreed to be the ancestors of the Polynesians (Kirch 2000:208-9), and they 

are responsible for moving these introduced and indigenous domesticates out into Remote 

Oceania. 
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There is general consensus that Lapita originated in Island Southeast Asia (as 

opposed to an indigenous origin (Allen and White 1989)). Compared to earlier peoples in 

the area, their sites show an increased reliance on marine resources, the unequivocal 

presence of pigs, dogs and chickens, and the introduction of some Asian food crops (Green 

1994:36; Kirch 2000:90).  As discussed above, it is possible that pigs may have been 

introduced into New Guinea 1500 years before Lapita first appears in the area; however, 

no pig bone has been found in clearly non-Lapita sites in Island Melanesia.  Dog and 

chicken bones also make their first appearance in the area in Lapita sites, although the 

early (pre-50 BC) evidence for Lapita dogs is fragmentary at best (Kirch 2000:336; 

Matisoo-Smith 2007:355). 

The exact nature of Lapita subsistence remains a debated topic, with early depictions 

of “strand loopers” (or foragers) contrasting with more recent views of them as 

agriculturalists (Burley and Clark 2003:239).  Currently the weight of opinion comes down 

on the ‘agriculturalist’ side and the importance of agriculture carried through to the 

Polynesians.  What is certain is that Lapita people, in common with other Austronesian-

speaking peoples from Southeast Asia, had a large agricultural component in their 

subsistence economies and readily adopted the locally domesticated crops from Near 

Oceania, adding them to their own suite of plants and domesticated animals.  Hather 

(1992:74) characterises their agriculture as a “…balance between the taro-yam complex 

and arboriculture”, much as their descendants practiced.  Reconstruction of their language 

reveals many words relating to horticulture, crops and domesticated animals (Kirch 

2000:92,109-110).  Simple swidden cultivation appears to have been the main form of 

horticulture, with various forms of intensification developing later in time (Burley and 

Clark 2003:239; Kirch 2000:110).  The impact of intensification on the environment can 

be seen in increased rates of sedimentation of valley floors as a result of hillside erosion 
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and changing pollen profiles, most notably the decrease of forest pollens and the rise of 

grasses and anthropogenic pollens, and this is a pattern seen repeatedly as humans spread 

out across the region (Burley and Clark 2003:239-240; Kirch 2000:59-61).  It is also likely 

that the gathering of wild plant foods was a large component of their subsistence activities, 

and this persisted long after agriculture became an important part of their subsistence 

system (Hather 1992:75). 

The Lapita peoples were also skilled mariners involved in long distance trade and 

they possessed a more sophisticated marine technology than the earlier inhabitants of the 

area.  “The fishing technology associated with the Melanesian Lapita sites indicate fish and 

shellfish continued to be important elements in the diet, and specialised fishing technology 

was well developed.” (O'Connor and Chappell 2003:27). 

2.2.1 Remote Oceania and Western Polynesia 

After a phase of development in Near Oceania, the Lapita peoples began exploring 

Remote Oceania (Kirch 2000:96), moving out through the Santa Cruz Islands and on to 

Vanuatu and New Caledonia by 1250-1150 BC.  One hundred to 200 years later they had 

arrived in Fiji (Anderson and Clark 1999), and by 950 BC they were in Samoa (Rieth and 

Hunt 2008) and Tonga by 900 BC (Burley and Connaughton 2007; Burley and Dickinson 

2001).  This tight group of dates indicates a very rapid spread out into the area.  The 

various regions maintained regular contact with each other, continuing to trade pottery and 

raw materials just as they had done in Near Oceania, resulting in a certain cultural 

continuity across the region (Green 1994:39-40; Kirch 2000:90). 

One of the keys to the success of Lapita colonisation was their use of transported 

landscapes.  When they left Near Oceania, they took with them a suite of domesticated 

plants and animals, as well as agricultural techniques.  Along with the domesticated plants 

and trees, Lapita transported the pig, dog, chicken and Polynesian rat out into Remote 
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Oceania.  Chicken is the most common kind of bone found in Lapita sites, and although 

pig bone is uncommon, and dog even rarer, they are unquestionably present and assume a 

larger role in the subsistence economy in Polynesian cultures descended from Lapita 

(Kirch 2000:111). 

Shellfish also appear to have played a major part in the diet, along with a variety of 

inshore, reef, and benthic fish species such as parrotfish, wrasse, surgeon-fish, triggerfish, 

eel, emperor, squirrelfish and grouper.  Larger offshore (or pelagic) species such as tuna 

were less common (Kirch 2000:111).  A variety of different hook forms were developed to 

take this wide range of fish species (Kirch 2000:111). 

As they had in Near Oceania, Lapita peoples in Remote Oceania maintained a 

cultural unity through long-distance trading of pots and raw materials (Burley and Clark 

2003:237; Kirch 2000:210).  However, beginning around 850 BC, the islands of Western 

Polynesia, particularly Tonga and Samoa, and to a lesser extent Fiji, became more isolated 

from the more western Lapita.  This increasing isolation, both in terms of culture and 

language, combined with new environments and social conditions, led to the formation of 

the ancestral Polynesian culture. 

2.2.2 Ancestral Polynesia and East Polynesia 

Most of the modes of subsistence the Ancestral Polynesians practiced would have 

been familiar to their Lapita ancestors.  While their main source of dietary protein was 

marine (both shellfish and fish) the Polynesians cultivated root crops such as taro and 

yams, as well as tree crops; and they also kept small numbers of pigs, dogs and chickens.  

Like the Lapita peoples it appears that they were using swidden cultivation to grow their 

annual crops, with the more permanent tree crops such as breadfruit and coconut tending to 

be located singly, and in groves, in and around their coastal settlements (Kirch 2000:216). 
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Although the timing is still debated (Anderson and Sinoto 2002; Kirch 2000:216), it 

appears that around AD 900 people moved out from the islands of West Polynesia and 

began to settle the scattered islands of East Polynesia, possibly beginning with the Central 

East Polynesian island groups such as the Cooks and Societies, and then spreading out to 

reach far-flung islands such as Hawaii around AD 800 (McCoy 2007), New Zealand, 

around AD 1200 (Hogg et al. 2003), and Rapa Nui, possibly as late as AD 1200 (Hunt and 

Lipo 2006).  

The islands of East Polynesia were diverse, ranging from large high islands through 

makatea islands and almost-atolls to atolls.  This range of environments, and varying 

carrying capacity of the land, resulted in the development of unique subsistence systems on 

each island.   

Fishhooks provide a prime example of both innovation and variation in response to 

these new environments.  While fishhooks are present in West Polynesian assemblages 

they are much less common than they are in East Polynesian assemblages and show less 

variety.  This likely reflects the importance of netting and spearing of fish over angling 

techniques, and is linked to the predominance in the West Polynesian physical 

environment of lagoons and reef flats (Kirch 1984:89).  As the Polynesians moved out into 

East Polynesia they faced new constraints on their fishing technologies: islands with no 

reefs and/or no lagoons (i.e. the Marquesas and makatea islands); different resources for 

making fishhooks and nets (i.e. lack of pearlshell); and different fish species and species 

availability.  Early experimentation with fishhook form is particularly evident in the 

Marquesas, where early assemblages show a large variety of hook types.  This variety and 

development of novel forms of hook reflect the arrivals’ attempts to adapt to a new 

environment, one that largely required open sea fishing due to a lack of sheltering reefs, 

and therefore different angling techniques.  This initial variation then decreases over time, 
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with the hooks becoming more and more standardised as the most optimal ways of 

catching fish were determined (Dye and Steadman 1990:210; Kirch 1984:88-89).   

2.2.3 Transported Landscapes 

Most species in Polynesia have an ultimate origin in SE Asia and/or Australia-New 

Guinea (New Zealand and its remnant Gondwanan flora and fauna aside), and there is a 

decrease in the numbers of plant, bird and fish species moving eastward from these areas.  

For example, New Guinea has 570 species of bird; Samoa 32; Easter Island only six.  

Similarly New Guinea has over 2000 species of saltwater fish and 111 freshwater species, 

while Tahiti has 625 and 15 respectively (Oliver 2002:83,85).  Many of these newly 

discovered islands, such as Aitutaki, had a depauperate flora, leaving the settlers almost 

completely reliant on the varieties they carried with them, with little chance of discovering 

new wild sources or of developing new domesticates (Oliver 2002:85; Yen 1973:71).  The 

number of total cultigens also decreases west to east (see Table 2.1), possible reasons for 

this include: failure of transported stocks to survive the voyage, unsuitable environmental 

conditions in new area, or a decision not to transfer the cultigen at all (Kirch 1982:2).   

Table 2.1 West-East decrease in the variety of cultigens and domestic 
animals (at European contact) across a variety of Polynesian islands (from 
Kirch 1982:2). 

Island Group Farinaceous 
Annuals 

Tree  
Crops 

Other Crops Dog Pig Fowl 

Western Polynesia       
Futuna 9 9 6 Yes Yes Yes 
‘Uvea 8 9 6 Yes Yes Yes 
Tonga 9 8 6 Yes Yes Yes 

Eastern Polynesia       
Societies 7 7 5 Yes Yes Yes 
Marquesas 7 6 5 Yes Yes Yes 
Easter Island 5 1 3 No No Yes 
Hawaii 6 3 4 Yes Yes Yes 
Tuamotus 3 1 0 No Yes No 
New Zealand 4 0 2 Yes No No 
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As they were for the Ancestral Polynesians, transported landscapes were key to 

successful settlement of these new environments.  Yen (1973:76) categorises subsistence 

system adaptation in the Pacific according to island form, differentiating between coral 

atolls, raised reef islands, and volcanic and continental islands.  Atolls (e.g. Tongareva), 

where water is a limiting factor, are characterised by a reduced number of cultivars, greater 

difficulty in raising plant crops, and limited irrigation.  The ocean provides the main 

variety of food resources.  Raised reef islands (e.g. the makatea island of Mangaia), with a 

greater variety in environment, have a heavier reliance on agriculture than do atolls; with a 

wider range of both crops and cropping techniques available although swiddening remains 

the most common.  Volcanic and continental islands (e.g. Rarotonga) have the greatest 

variety in environments, crops and cropping techniques.  Complex irrigation and field 

systems are frequently found on the coastal plains as well as extending up valleys.  

Swiddening is common inland.   

Polynesian subsistence strategies were generally a combination of arboriculture and 

cultivation of root crops (Hather 1992:74).  Coconut (Cocos nucifera), breadfruit 

(Artocarpus altilis), pandanus (Pandanus tectorius) and banana (Musa sp.) were the most 

common tree crops; supplemented with Canarium almonds, Eastern Tropical-almond 

(Terminalia glabrata), Tahitian or Polynesian chestnut (Inocarpus fagiferus) , and the 

Otaheite (Vi) and Malay apples (Spondias dulcis and Syzgium malaccensis respectively).  

The major Polynesian root crops were taro, yams and sweet potato.  Four species of taro 

were cultivated; ‘true’ taro (Colocasia esculenta), giant taro (Alocasia macrorrhiza), 

swamp or atoll taro (Cyrtosperma chamissonia) and teve (Amorphophallus paeoniifolius).  

‘True’ taro was the most preferred variety, and the leaves were also eaten.  Yams 

(Dioscoria sp.) were more commonly grown in West Polynesia than in East Polynesia, 

where the sweet potato (Ipomoea batatas) seemed to be preferred (particularly Hawaii, 
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Easter Island and New Zealand), perhaps for its ease in cultivation and higher yields.  As is 

commonly noted, sweet potato is a prehistoric introduction into East Polynesia from South 

America ca.1550-1250 BP (Yen 1973).  Other supplemental root crops were Pacific 

arrowroot (Tacca leontopetaloides), ti (Cordyline fruticosa), kudzu (Pueraria lobata) 

which was grown only as far east as Tonga and Samoa, and turmeric (Curcuma longa).  

Sugar cane (Saccharum officinarum) was also eaten in small amounts (Kirch 

2000:110,241; Leach et al. 2000; McCormack 2002; Oliver 2002:72-9). 

The three domestic animals of the Lapita peoples were also part of the Polynesians’ 

transported landscapes.  Along with agriculture, fishing and foraging for wild foods, pigs 

(Sus scrofa), dogs (Canis familiaris), and chickens (Gallus gallus), along with the 

Polynesian rat (Rattus exulans) on some islands such as Mangaia, completed the 

subsistence system.  

While there was a heavy reliance on introduced plants and animals in the Polynesian 

diet, the native fauna was also very important, particularly in the period immediately after 

settlement.  The new settlers exploited the wild plants and animals and the extinctions and 

extirpations that resulted from over-exploitation and anthropogenic changes to the 

environment are well documented throughout both Near and Remote Oceania (Allen 2003; 

Dye and Steadman 1990; Kirch 2000:111-12; Kirch and Ellison 1994; Kirch et al. 1992; 

Steadman 2006).  This pattern would be repeated throughout Polynesia as people moved 

from island to island. 

Oceanic colonists came repeatedly upon pristine environments in which 

impressive amounts of animal resources, especially birds, were eminently 

accessible.  It was to the discoverers’ advantage, in short-term adaptational 

terms, to relegate other economic activities to the background while they 

plundered these rich reserves… In the tropical Pacific two broad responses 
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were possible to the crisis which would develop as easily available animal 

resources declined; one was to migrate, seeking another uninhabited and 

more richly endowed island; the other was to develop extraction of marine 

resources and intensify horticultural production. (Anderson and McGlone 

1992:235-6) 

Faunal assemblages from early sites in most island groups generally contain a large 

variety of native land- and sea-birds, many of which were extirpated or extinct in later 

prehistory.  These faunal assemblages show an early reliance on local fauna such as fish, 

shellfish, birds and turtles (with variations in order of importance between sites), with 

bones of pigs and dogs being rather rare.  Over time the presence of bird and turtle 

decreases in the assemblage, and pig and dog bone increases (Dye and Steadman 

1990:209).  This change is probably due to two factors operating together; the first is over-

exploitation of the native fauna resulting in their increasing rarity and/or extinction.  The 

second reflects the small numbers of the founding populations of pigs and dogs and the 

length of time it took to build up breeding stocks that were able to sustain predation and 

provide a regular food source (Dye and Steadman 1990:211-12).  The sites on Aitutaki are 

thought to be later in the occupation sequence because they lack evidence of the early 

exploitation of the native land fauna (Allen and Wallace 2007:9). 

This change in subsistence strategies would have had implications for more than just 

diet; the switch from obtaining food from widely dispersed resources such as birds to more 

localised pig husbandry and fishing activities would have had an effect on social structures 

and provided opportunities for greater control of people and resources by leaders (Dye and 

Steadman 1990:214).   

The variation in subsistence systems across Polynesia is a reflection of the different 

ways in which the inhabitants adapted to their surroundings and attempted to maximise 
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their success within the constraints of their unique island environments.  Different 

subsistence systems reflect the various ways in which the inhabitants sought to buffer 

against uncertainty in those environments, whether drought, cyclones, environmental 

degradation, resource depression, warfare or innumerable other factors. 

2.3 Pigs and Dogs in Polynesia 

The faunal remains from Aitutaki indicate that pigs, dogs and chickens were part of 

the diet in prehistory (Allen 1992). Modern local chickens were not available for this 

study.  It is possible that the fourth Polynesian commensal, the rat (Rattus exulans), was 

occasionally eaten but work on at least one assemblage shows that the majority of rat bone 

present was most likely the result of natural deaths (Coleman 1998).  As they did not form 

a frequent part of the human diet it is unlikely that they were fed deliberately by humans.  

While their diet may partially reflect human access to various dietary sources, the potential 

input from other sources is unknown so they were not used in this study.  Along with 

chickens, they represent an unknown but potentially useful additional source of 

information on human diet, and one that needs to be explored further. 

As the two largest Polynesian domesticates, the pig and dog occupied an important 

place in Polynesian culture.  We know very little about their role in prehistory from 

archaeology, most is based on reports of early European explorers, missionaries and other 

early journals and books.  The introduction and dispersal of pigs and dogs throughout Near 

Oceania and West Polynesia was briefly discussed above.  This section will examine their 

diet and roles in Polynesian culture and agricultural systems, with particular attention to 

the Cook Islands and Aitutaki.  While little is specifically known about their role on 

Aitutaki in prehistory, it is important to have at least a general frame of reference against 

which to place the isotopic results, and to narrow the possible interpretations of those 

results. 
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2.3.1 Origins and Distribution 

The animals are the same not only in their kind, but have that approximation 

which indicates even the same breed, and what is equally remarkable is that 

these islands as well as every other of the tropical islands in the south sea 

have no other animals, and hogs, dogs and rats include the whole of their 

number, and none of those islands are found without those animals that are 

inhabited, and those which are uninhabited have none of them except rats 

(Ledyard 1963:134) 

Early European explorers were intrigued by the wide distribution of the Polynesian 

commensals, and speculated on how they were spread throughout the region, and where 

they might have originated from.  Recent mtDNA work (Larson et al. 2007; Larson et al. 

2005; Matisoo-Smith 2007; Savolainen et al. 2004) has shed new light on the ultimate 

origins of pigs and dogs, as well as allowing us to better understand their movement out 

from SE Asia.  Groves (1981), in examining the pigs of New Guinea, identified five 

species of Sus in the southeast Asian region: S. scrofa (Common wild boar), S. salvanius 

(Pygmy Hog), S. verrucosus (Warty Pig), S. barbatus (Bearded Pig) and S. celebensis 

(Celebese wild boar).  Of these species, Groves (1981; 1983) suggested that S. scrofa 

vittatus (the Banded Pig), moving out into Remote Oceania with the Lapita settlers (Allen, 

Matisoo-Smith et al. 2001).  Recent mtDNA work on pigs from around the world (Larson 

et al. 2007; Larson et al. 2005) demonstrated that the Pacific pigs formed a distinct 

subgroup within the species S. scrofa, and appear to have originated in western island 

South East Asia having particular affinities to the wild boar of the Philippines (Larson et 

al. 2007). 

Early European explorers remarked on the similarity of the pigs between the various 

Polynesian islands they visited (Ledyard 1963:134).  Forster (1996:130) described them 
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thus: “The hogs are of that breed we call Chinese, having a short body, short legs, belly 

hanging down almost to the ground, the ears erect, and very few thin hairs on the body…”.  

The Reverend Aaron Buzacott (1985 [1866]:240) said of the pigs on Rarotonga “…the 

original breed of pigs was very small…”, a very similar description to that of Reverend 

John Williams “…they had no other than a breed of small native pigs…” (Williams 

1838:40). 

Like the pig, dogs moved out into Remote Oceania with the Lapita people.  Recent 

genetic work on dog mtDNA (Matisoo-Smith 2007; Savolainen et al. 2004) suggests that 

there were three introductions of dog into the Pacific – one haplotype into Australia and 

New Guinea, one found along the coast of New Guinea and out into Remote Oceania, and 

the third into Indonesia and Polynesia only (with no evidence in Near Oceania).  The latter 

two haplotypes are assumed to have originated in Southeast Asia and to have been 

introduced by the Lapita peoples, although there is preliminary evidence that one of the 

haplotypes was introduced later, ca. 50 B.C. – AD 950, when dog remains become more 

frequent in archaeological sites in Remote Oceania (Matisoo-Smith 2007:357). 

Early European explorers remarked on the similarity of the dogs between the various 

islands they visited: 

The dogs of the South Sea isles are of a singular race: they most resemble 

the common cur, but have a prodigious large head, remarkably little eyes, 

prick-ears, long hair and a bushy tail… They are exceedingly stupid, and 

seldom or never bark, only howl now and then; have the sense of smelling 

in a very low degree, and are lazy beyond measure …(Forster 1996:130) 

Many attributed their apparent laziness and stupidity to their diet which was usually 

described as largely vegetarian (Cook 1955; Ellis 1969:142).  The following section 

examines the diet of pigs and dogs in more detail. 
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2.3.2 Diet and ecology 

The information we have about pig diet and husbandry in Polynesia is almost solely 

taken from historical accounts.  The only physical remains that might give us clues as to 

how they were treated would be the remains of pens or fences. 

Pigs and humans have many similarities between their gastrointestinal systems, body 

composition and nutrition requirements, to the point that pigs resemble humans in their 

nutrient requirements more than any other non-primate animal (Pond and Lei 2001).  Like 

humans, pigs need a well-rounded diet containing both carbohydrates and protein, and 

their ability to extract nutrition from plant fibres is also very similar (Pond and Lei 2001).  

Although a free-range pig will obtain the bulk of its diet from foraging (grasses, leafy 

plants, tubers, fallen fruits etc.), supplementing this with other foods higher in protein (eg 

kitchen scraps, dairy products) will result in faster weight gain (Munro 1994).  

In the prehistoric Polynesian context dairy would not have been an option, but the 

other foods would have been available.  It has been shown that pigs do well on copra 

(dried coconut) although the high oil content can affect the meat if too much is eaten.  New 

Zealand farmers were warned that “amounts in excess of 4lb tend to put the pigs off their 

feed” (Superintendent of the Pig Industry 1940), so clearly coconut is a filling food even if 

not a complete diet.  It has also been shown that fish meal is one of the few protein sources 

that young weanling pigs can tolerate without becoming ill (Maxwell and Carter 2001), 

making the abundant marine resources of Aitutaki an excellent source of protein for the 

island’s pigs. 

Forster (1996:130) sang the praises of the pork from Polynesian pigs and attributed it 

to their diet “consisting chiefly of the bread-fruit or its sour paste, yams, eddoes [taro], 

&c.”  This apparently vegetarian diet seems common on many islands across Polynesia – 

as this description from Huahine in the Society Islands illustrates: “We observed one of 
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them feeding a little pig with the sour fermented bread-fruit paste, called mahei.” (Forster 

1996).   

Ethnographically, the amount of management pigs had varied from island to island, 

ranging from the most intensive where they were completely penned to the least amount of 

care that saw feral pigs being hunted (sometimes with dogs) in Samoa, the Marquesas and 

modern-day Ngaputoru (Atiu, Mauke and Mitiaro) (Churchward 1971 [1887]:355; Rolett 

and Chiu 1994:379; Walter 1998:77-8).  Many islands would have penned them in 

enclosures of some type, such as the modern coral rubble pens seen in the Cook Islands 

(Walter 1998:77-8) or the elevated wooden pens found in the Marquesas (West 2007:58).  

The pigs, in these situations, are completely reliant on humans for their food.  No 

constraint of the pigs is a less intensive method, here described on Huahine “the hogs were 

likewise allowed to run about, but received regular portions of food, which were 

commonly distributed by old women” (Forster 1996:377).  This method of husbandry is 

still practiced in the Cook Islands and other islands such as the Solomons (Oliver 1949; 

Walter 1998) but pigs can be quite destructive, and gardens with ground crops, as well as 

bananas and other soft fruit trees need to be protected (Munro 1994:59).  In more densely 

populated areas the pigs are often tethered by their hind leg to a tree and fed coconuts and 

kitchen scraps.   

Unlike pigs, dogs are not generally considered to be a problem when it comes to 

crops and gardens and this reduces the need to restrain them.  Dogs require a diet fairly 

high in protein, with a balanced diet characterised as “three parts vegetable products such 

as bread, rice and corn and one part of animal products as meat, fish and eggs will make up 

a diet containing about 25% good quality protein.” (Hedhammar 1982:81-2).  Kronfeld 

characterises a maintenance diet as containing “16% protein, 4% fat, 80% carbohydrate” 

(1982:63).  Unlike humans and pigs, dogs are less able to deal with fibre-rich plant foods 
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although it is possible to maintain them on a vegetarian diet with care (Holme 1982:33).  

Green vegetables such as lettuce or cabbage, and raw root vegetables contain little or no 

nutritional value for dogs.  However, if the root vegetables are cooked the starch is 

gelatinised and becomes a good source of energy (Holme 1982:40).   

There are numerous historical reports in Titcomb (1969) of East Polynesia of dogs 

being fed largely on vegetable foods such as breadfruit, taro and yams so it was evidently a 

common practice.  The dogs were often described as being sluggish, stupid and docile and 

the vegetarian diet singled out as the cause, although the truth of this is hard to determine. 

On some islands, particularly the Society Islands, dogs were intensively raised as a 

high status food.  “The dogs which are here bred to be eaten, taste no animal food, but are 

kept wholly upon bread-fruit, cocoa-nuts, yams, and other vegetables of the like kind…” 

(Cook 1955).  This practice was also seen in the Hawaiian islands, though to a lesser extent 

(Ellis 1969:142).  In Samoa it is mentioned that they were fed on “bread-fruit and yams, 

having no other animal on which to prey, with the exception of the little native rat” 

(Gordon Cumming 1882:115-116), so the vegetable diet could also be a result of necessity 

rather than preference.  On other islands they had a diet high in fish, either as a result of 

their own efforts as in the Tuamotus: 

…dogs were splashing about in the shallows of the lagoon…they have 

developed a sort of team work in the business of catching fish.  Several of 

them working together in shallow water drive the fish shoreward, and they 

are amazingly quick to see and seize their prey (Hall 1928:53-4) 

or because they were so fed by their owners.  The dogs of New Zealand also reportedly ate 

a diet high in fish “…but in the low isles and New Zeeland, where they are the only 

domestic animals, they live upon fish” (Forster 1996:130). 
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2.3.3 Culture 

The fact that people were willing to keep such large and economically expensive 

animals on small islands with limited resources indicates the importance they had in 

Polynesian culture.  Pigs and dogs were not only a food source, they often had a role to 

play in ceremonies, and substituted for humans in sacrifices (Titcomb 1969:18-19).  On 

occasion they were considered pets, to the point where puppies and piglets would be 

breastfed by the women.  “This custom of suckling dogs and pigs is common to the natives 

of the Sandwich Islands [Hawaii]” (Macrae 1972 [1825]:42).  In the case of dogs at least, 

puppies that were breastfed were not generally considered to be potential food, but were 

destined to be companions to children – killed and buried with them if the child should die 

first, or their teeth extracted and worn by the child when the dog died (Titcomb 1969:10).  

Dog fur was used on many islands as decoration – and was especially noted in New 

Zealand where fur cloaks were especially prized (Cook 1955); and longer fur was used to 

fringe decorations and weapons on many islands (Forster 1996:130; Hiroa 1944; Titcomb 

1969:28-29); although “no trace of dog hair is found on the articles seen from the Cook 

Islands” (Hiroa 1944:16).  Pig and dog bone and teeth were also extremely useful for 

decoration (Titcomb 1969:15), as well as for fashioning tools such as fish hooks (Emory et 

al. 1959:21). 

Throughout Polynesia pork seems to have been, if not tapu, then a very high status 

food limited to a select few – usually men or important individuals.  The consumption of 

dog meat may not have been quite so circumscribed. In Hawai’i pork was tapu for women, 

and dog was only eaten in a ritual context (Valeri 1985).  In the Society Islands both pork 

and dog were reserved for high-status men only (Oliver 1974).  Rollett (1994) suggests that 

this widespread tapu on pork in Polynesia indicates that it is an ancestral trait that dates 

back at least to Ancestral Polynesian times.  In practical terms, it may have played a major 
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role in conserving pig herd numbers (Dye and Steadman 1990), and certainly would affect 

the distribution of pig and dog bone in middens (Rolett and Chiu 1994). 

2.3.4 Pigs and Dogs in the Cook Islands 

At the time of European contact the distribution of pigs and dogs across the Cook 

Islands was somewhat uneven.  It appears that Rarotonga had pigs “…they had no other 

than a breed of small native pigs, of which there were but few, as they were particularly 

tender and difficult to rear…” (Williams 1838:48), but not dogs until they were 

reintroduced: 

Dogs were unknown in the Hervey Group [Cook Islands] until one was 

obtained from the Resolution in 1777, in exchange for a hog.  The natives 

were wonderfully delighted with it. (Gill 1876:318-9)  

Aitutaki reportedly had neither, with Bligh (1937:95) observing “They said they had 

no Hogs, Dogs or Goats upon the Island… Notwithstanding they said there were no Hogs, 

Yams or Tarro, they called them by Name, and I am rather inclined to beleive [sic] they 

were imposing upon me”.  The Rev. Williams states that on Aitutaki “there being no 

quadrupeds on the island, but a few millions of rats, we sent from Raiatea a number of pigs 

and goats…” (Williams 1838:18); and the same on Mangaia “…there were no animals 

except rats until I visited it, these formed a common article of food…” (Williams 1838:64).  

Dogs were reportedly re-introduced to Aitutaki (along with fleas) from Atiu (Gill 

1876:319), but were not present on Mangaia at contact although they certainly were 

prehistorically (Kirch et al. 1995:58). 

Although dogs were also considered a food item in the Cook Islands, traditionally 

they were never considered as important as pigs.  Historically dogs were used for hunting 

feral pigs on islands large enough to support a feral population (Walter 1998:79). 
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The ways in which pigs and dogs were treated was extremely variable throughout 

Polynesia.  Some pigs and dogs were allowed to run free, scavenging and being fed 

household scraps as well as fishing and hunting for shellfish on their own, others were 

confined to pens and fed vegetable foods almost exclusively.  Very little is known about 

where the pigs and dogs on Aitutaki fit into this range, or even if they were present or 

absent on the island at contact.  Determining the diet and from that what types of 

husbandry may have been practiced on the island will clarify an important part of the 

subsistence system on Aitutaki. 

2.4 The Cook Islands in Polynesian Prehistory 

Polynesian islands and island groups were not discovered by accident but as the 

result of deliberate and systematic voyages of discovery (Irwin 1992), and the sailing skills 

of the Polynesians ensured that most did not exist in isolation after their discovery.  In 

order to understand the prehistory of Aitutaki, it is therefore necessary to place it in the 

broader context of East Polynesian prehistory, to understand where the first settlers came 

from, when they arrived, and what concepts, plants and animals they brought with them on 

the voyages to new homelands.   

Up until the 1980s, the prevailing view of the settlement of East Polynesia saw the 

Marquesas Islands as the centre of innovation and dispersal for East Polynesia.  This came 

to be known as the Orthodox model (Kirch 2000:230).  This was a useful model for 

archaeologists at the time as it both reflected the linguistic relationships between 

Polynesian languages (Green 1966) as well as accounting for the cultural similarities 

between island groups and the radiocarbon dates from the known early sites (Walter 

1998:10). 

In the 1980s researchers such as Irwin and Kirch began re-examining and re-thinking 

the archaeological evidence for the settlement of East Polynesia.  Irwin (1981) focussed on 
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voyaging and the so-called ‘pause’ between West and East Polynesia, critical to theories 

that dealt with the mode and tempo of settlement.  He argued that the current models were 

illogical and too “narrow”, ignoring what was already known about Lapita colonising 

behaviour as well as the possibility of gaps in the archaeological knowledge of island 

groups other than the Marquesas.  Irwin instead argued that there had been no pause in 

voyaging, and that the new settlers were simply archaeologically invisible due to the loss 

of pottery (he likened this to the Just So story of the leopard and its spots blending into a 

new environment) (Irwin 1981:491). 

Kirch (1986) re-examined the archaeological evidence in the Marquesas, the lynch 

pin of the Orthodox theory, as well as other less well-studied archipelagos.  He noted 

problems with the Hane dates (Kirch 2000:232), which have been upheld by subsequent 

redating (Anderson and Sinoto 2002), and also the lack of fit between these dates and early 

dates from Hawai’i.  He saw the Orthodox model as “reflect[ing] the richness of the early 

Marquesan archaeological record and the lack of adequate samples from other islands.” 

(Kirch 2000:230); and noted that Cook, Society and Austral Islands occupied a pivotal 

location in East Polynesia, yet were relatively archaeologically unknown (Kirch 1986:37).  

As he pointed out, lack of data cannot be used to discount an island from being settled 

earlier than existing dates suggest, and as such further work in the Cooks, Societies and 

Austral Islands was imperative to clarify the timing and order of colonisation.  In light of 

his investigations he predicted that the status of the Polynesian Homeland would be 

removed from the Marquesas and applied to the entire central East Polynesian region, as 

Green (1981) had earlier proposed (Kirch 1986:36).  Figure 2.1 illustrates the sequence of 

settlement proposed by Kirch (1984), with regional dates of settlement as they were 

understood at the time.  The Cook Islands were part of the secondary expansion, ca. 

AD1000, south from the Society Islands.  Current work in the area (Allen and Wallace 
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2007:1; Walter 1998:11) suggests that the Cook Islands were one of the first areas settled 

by people expanding out from West Polynesia instead of being a secondary settlement by 

East Polynesians. 

 

Figure 2.1 Movement of people out into East Polynesia (after Kirch 
1984:78) 

 
Applying the concept of the Polynesian homeland to the entire central East 

Polynesian region implies a much more complex web of interactions between the various 

island groups than the more isolationist Orthodox model was able to encompass.  As 

Walter (1998:10) says: 

The innovation centre hypothesis is powerful in explaining observed 

patterns of cultural and linguistic similarity, but it is weak in its ability to 

describe past human behaviour and cultural process…  In short, the concept 

of pulses of migration out of a hypothetical innovation centre does not 

constitute a satisfactory theoretical model of colonising behaviour. 
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The ‘Interaction and Cultural Continuity’ model has been adopted by a growing number of 

researchers (Rolett 1994 ,Walter 1998) in Polynesia in order to account for the 

archaeological evidence which increasingly points to complex interactions.  This model 

stresses that in order to fully understand “settlement histories and post-colonisation socio-

political and economic change” in East Polynesia, it is necessary to determine the nature of 

the long-distance interaction networks which allowed the various island groups to remain 

in contact (Walter 1998:11). 

By dint of their location, the Cook Islands are now considered the most likely island 

group to be initially settled by people moving out from the West Polynesian homeland 

following “a pause of unknown duration” (Allen and Wallace 2007:1; Walter 1998:11).  

From here the other island groups were settled and contact was maintained both between 

these island groups and within the groups themselves.  Given the difficulties inherent in 

long distance voyaging, the networks were stronger within island groups with less frequent 

interaction between archipelagos.  Linguistic and cultural innovations were spread 

throughout these networks, and there was exchange of raw materials.  The cultures of 

islands more closely linked through these networks would be more similar than those 

islands further away.  As a result there were a number of “overlapping interaction spheres 

marked linguistically and technologically as dialect chains and style zones” (Walter 

1998:11). 

While most scholars accept that there was a pause in voyaging between West and 

East Polynesia, the length of, and reasons for, this pause remain debated.  At present the 

earliest non-contested dates for East Polynesia are around AD 900, approximately 2,000 

years after people first arrived in West Polynesia (Allen and Wallace 2007; Anderson and 

Sinoto 2002; Kirch 2000).  Those who believe that the pause was shorter (early settlement 

model) feel that the earliest sites in East Polynesia have yet to be discovered (Allen 1994; 
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Kirch 2000) and point to evidence of human impact on the environment at early dates 

throughout the area (Kirch et al. 1991; Lepofsky et al. 1996).  Irwin’s (1992; 1998; 2000) 

work on voyaging also supports this view of a continuous movement of people from West 

to East.   

 

 

Figure 2.2  The long chronology: An early log/log transformation of a 
Mercator projection map with time lines based on available radiocarbon 
dates.  Note the very early dates for the Cook Islands (after Irwin 1992) 

 

He predicted that the Southern Cook Islands and Austral Islands would have been settled 

ca. 300 BC, the Society and Tuamotu Islands ca. 600 BC, the Marquesas ca. 100 BC, 

Easter Island ca. AD 300, Hawaiian Islands ca. AD 200 and finally New Zealand ca. AD 

800. 
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While there is no archaeological evidence for such early settlement, there is 

palynological, sedimentological and faunal evidence for early disturbance on some of these 

islands.  Pollen cores from Mangaia, a high island in the Cooks, show changes in 

vegetation accompanied by increased amounts of charcoal and sedimentation and early 

settlement dates of up to 500 BC – AD 0 have been proposed on the basis of this evidence 

(Kirch et al. 1991; Kirch et al. 1995).  Parkes (1997) has found evidence for similar 

changes in vegetation on Atiu in the Cook Islands dating to ca. AD 640, along with 

possible evidence for the introduction of some Polynesian cultivars.  Faunal evidence from 

dated sites has also been used to suggest these locales do not represent the earliest 

occupation of the island, potentially allowing dates of first settlement to be pushed back a 

century or two from the establishment of the site.  In the Cook Islands both Ureia on 

Aitutaki (Allen and Wallace 2007) and Anai’o on Ma’uke (Walter 1998) are thought to be 

two areas occupied after initial settlement of the islands on the basis of this type of 

evidence. 

Currently the weight of archaeological evidence supports the late settlement model, 

supported by the lack of well-dated early sites, and there is doubt over palynological and 

sedimentary evidence used to support early settlement claims, or “archaeology by proxy” 

(Anderson 1995:116).  The bulk of early Central East Polynesian dates fall into the range 

of AD 900 – 1000, and Anderson’s ‘chronometric hygiene’ discard protocol (Anderson 

1991, 1995), which often removes the earliest dates from consideration, reinforces this 

tendency.  Recent redating of sites on islands such as the Cook Islands (Allen and Wallace 

2007), the Marquesas (Conte and Anderson 2003; Rolett and Conte 1995), Hawaii (Dye 

2000) and Easter Island (Hunt and Lipo 2006) has returned later and later dates and seems 

to indicate colonisation took place later than had been thought.  New dates for settlement 

of New Zealand (Hogg et al. 2003) and southern Polynesia (Anderson et al. 2001; 
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Anderson and O'Regan 2000) indicate that the region was not settled until the 11th or 12th 

centuries at the very earliest.  These more recent dates lead Anderson and Sinoto 

(2002:253) to suggest that no habitation occurred in East Polynesia before AD 900; this 

does not preclude earlier visits to islands that did not result in colonisation. 

Geology has also given some insight into the nature of the settlement of East 

Polynesia (Dickinson 2003; Dickinson 1998; Kerr 2003).  Dickinson’s work (Dickinson 

2003; Dickinson 1998; Kerr 2003) on the mid-Holocene highstand of sea levels has shown 

that many islands (of both the high and atoll variety) were simply unavailable for human 

settlement until the sea levels had dropped sufficiently to allow emergence, and/or 

development of fresh water lenses, barrier reefs and coastal flats suitable for habitation.  

The dates at which islands would have become habitable range from 1200 BC along the 

western Pacific fringes to AD 800 for the Tuamotu Islands on the eastern edge of 

Polynesia (Dickinson 2003:498).  While high islands would have been available for earlier 

settlement than low-lying atolls, the general dates for crossover3 in the central East 

Polynesian region are: AD 400 for the Society Islands and AD 800 for the Cook and 

Austral Islands (Dickinson 2003:494).  The Marquesas are presented as a special case in 

this scenario as they are high islands without reefs and therefore do not have 

palaeoshorelines that would have been significantly affected by sea level changes 

(Dickinson 2003:497).  This difference between high and lower islands during the 

Holocene highstand goes some way to explaining why some islands may have much earlier 

dates than their neighbours; and this may be particularly applicable given the debate over 

the possibility of early settlement of Mangaia in the Cook Islands.  While the majority of 

                                                 

3 Crossover is defined as the point after which coastal palaeoreef flats were no longer 

covered by sea water at high tide and thus available for year-round habitation. 
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other islands in the area would have been unattractive for settlement before the crossover 

of AD 800 (Dickinson 2003:496), there is nothing to preclude human visitation or 

settlement of Mangaia earlier in time, or indeed Rarotonga, although to date there is no 

evidence for early settlement there. 

The dating of early sites in the Cook Islands is currently in a state of flux with the 

recent redating of charcoal samples from what was considered the earliest site in the 

region, Ureia (AIT-10) on Aitutaki (Allen and Wallace 2007).  Previously dated to cal. AD 

900-1040 (1 σ), and possibly earlier (Allen 1994), the earliest layer is now dated to cal. 

AD 1225–1430 (1 σ) (Allen and Wallace 2007:5).  The earliest sites in the group are now 

Tangatatau (MAN-44) on Mangaia which dates to cal. AD 1020–1270 (1 σ) (Allen and 

Wallace 2007:13; Kirch et al. 1995) and Moturakau (MR-1), also on Aitutaki, which dates 

to cal AD 1160–1290 (1 σ) (Allen 1994).  The Moturakau dates are on wood charcoal that 

was not identified to species, which has proved to be a major factor in the dating problems 

with Ureia (Allen and Wallace 2007:12); so although the dates currently stand as is, there 

is the potential for redating in the future.  Similarly, the Tangatatau samples were not on 

charcoal from identified species (Kirch et al. 1995) and additional age determinations are 

needed.  Anai’o, located on Mau’ke, is slightly later at cal. AD 1375-1435 and the dates 

were done on shell (Walter 1998).  The archaeological evidence, therefore, suggests that 

the Cook Islands may have been settled around AD 1000-1200, and the secure Ureia dates 

show that settlement was well established in the group by the 13th century (Allen and 

Wallace 2007:12). 

The initial settlement date is slightly earlier than the archaeological evidence as the 

excavators of Ureia, Tangatatau and Anai’o all argue that they do not represent the earliest 

settlements on their respective islands.  Generally, the avifaunal assemblages form the bulk 

of evidence, although shellfish assemblages, wood charcoal identification, geomorphology 
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of shorelines, and land snails are also called upon to bolster (though in some cases not) the 

avifaunal evidence.  Essentially, all the avifaunal assemblages from these earliest sites, 

aside from Tangatatau, are seen as depauperate.  Across the Pacific, the earliest sites on an 

island contain a wide range of bird species, both land and sea, representing the pre-human 

populations present.  These diverse assemblages reflect the early reliance on easily 

obtained native resources by human founding populations.  The rapid decline in the 

numbers of many bird species in early archaeological sites reflects this heavy predation 

and subsequent extinction and extirpation of the most vulnerable birds, particularly the 

land-nesting species (Dye and Steadman 1990; Steadman 1995, 2006).  Initially Kirch 

(1995) suggested that Tangatatau represented a settlement that was first occupied 1400-

1500 years after first settlement of Mangaia but the lack of direct evidence coupled with 

the later settlement dates emerging for the region as a whole cast doubts on this claim.  The 

assemblage contains a fairly wide range of bird species, 31 native species in total, 

including 17 extirpated species which Kirch (1995:58-59) argues does not represent a 

“pristine bird community”.  The assemblage shows a heavy reliance on land birds earlier in 

the sequence, with seabirds becoming more important later.  The avifaunal assemblage 

from the archaeological sites on Aitutaki is characterised as “small but diverse” (Allen 

1992:378) and contains 14 native species in total, all four of which are land birds.  Allen 

considers this to be an impoverished assemblage, probably reflecting the rapid decline in 

the avifauna of Aitutaki after the arrival of humans, possibly a few centuries earlier (Allen 

2002:196; Allen and Wallace 2007).  Anai’o contains only one native species of land bird, 

the Pacific Pigeon, and this suggests that Anai’o also represents a site that was established 

after the arrival of humans on the island, and after their initial heavy impact on native birds 

had occurred (Walter 1998:74).  Based on the fact that these early sites do not seem to 

reflect the first settlement of the islands, and both Allen and Walter have placed their sites 
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‘a few centuries’ into the occupational sequence, the archaeology indicates that the first 

people arrived in the area by at least ca. AD 1000. 

However, work by Kirch (1995) on the palynological record from Mangaia shows 

possible human-induced changes AD 610-760 (1 σ) such as alteration of the species 

composition of plants in the interior of the island which shifted from a forested 

environment to a more open one.  This change is accompanied by an increase in charcoal.  

This pattern is often seen as being indicative of the arrival of humans and burning of 

forested areas to create space for gardens (Kirch 2000; Kirch and Ellison 1994; Kirch et al. 

1991; Kirch et al. 1995).  There is evidence for similar vegetation changes seen in cores 

from Lake Roto, on Atiu, dating to AD 610-760 (1 σ) (Parkes 1997).  This is accompanied 

by evidence for the arrival of sweet potato (Ipomoea batatas), ironwood (Casuarina 

equisetifolia), and Hibiscus tiliaceus, all of which are considered to be likely Polynesian 

introductions (Parkes 1997).  These early dates have not gone unchallenged however, with 

questions over the interpretation of the palynological evidence, some calling it 

“archaeology by proxy” (Anderson 1995:116).  Allen and Wallace (2007:14) suggest that 

the current debate may reflect different types of evidence for stages in the settlement of the 

Cook Islands, with the environmental evidence indicating initial discovery and small-scale 

settlements and the archaeological evidence representing only the more established, larger 

settlements  

Once settled, Aitutaki appears to have maintained regular contact with the other 

islands in the southern Cook Islands, trading raw materials and, no doubt, cultural 

information.  Based on the results of sourcing studies on stone tools and flakes from 

Ma’uke that indicated ‘early’ and ‘late’ periods of inter-island trade and exchange (Walter 

1998:58), Walter has proposed that the same divisions can be applied to inter-island 

voyaging throughout the southern Cook Islands as a whole.  In this context, ‘early’ 
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assemblages are defined as those dating to the 14th century AD or earlier, while ‘late’ 

assemblages are those that are dated after the 14th century AD (Walter 1998:98). However, 

Allen and Johnson’s (1997) work on sourcing the stone artefacts on Aitutaki indicates that 

movement of resources within the Cook Islands may have continued for longer than the 

Anai’o evidence suggests, although on a reduced scale relative to earlier times. 

 

 

Figure 2.3  Hypothetical interaction network during ‘early’ phase of Cook 
Island prehistory based on sourcing data.  Regular voyaging linked islands 
within the southern Cook Island archipelago.  Irregular voyaging events 
occasionally fed exotic materials into the central interaction network (after 
Walter 1998:99) 

 

The ‘early’ period of exchange is the time when the interaction sphere was at its 

widest (Figure 2.3), with extensive exchange of raw materials within the group, as well as 

further afield.  While most of the long-distance material appears to have been stone (either 

in a raw state or already worked) and pearlshell, there is also evidence for a small amount 

of pottery being brought in from Tonga and Fiji (Altonn 1988 in Walter 1998:50; Walter 

and Dickinson 1989).  The major source of stone from outside the southern Cook Islands 
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appears to have been Samoa.  Adzes and flakes from the Tataga Matau basalt quarry on 

Tutuila has been found at Moturakau, Aitutaki (Allen and Johnson 1997); Tangatatau, 

Mangaia (Weisler et al. 1994); Anai’o, Ma’uke (Walter and Dickinson 1989); and the 

Ngati Tiare adze cache found on Rarotonga has been sourced to the general Samoan region 

(Walter and Sheppard 1996).  It also appears there may have been material coming in from 

the Society/Austral Islands (Allen 1997:126).  Basalt from Rarotonga has also been found 

on all the southern Cook Islands (Sheppard et al. 1997:103).   

This period is also characterised by the extensive trade in the pearlshell used in 

manufacturing fishhooks.  The source of this pearlshell in the southern Cook Islands is 

debated, with Allen suggesting that the bulk of it may have come from Aitutaki’s lagoon 

which she contends formerly supported larger populations than it does at present (Allen 

1992).  On the other hand Walter and Campbell (1996:54-55) believe it was most likely 

coming from the northern Cook Islands, contending that Aituaki could never have 

supported a pearlshell population large enough to supply the fishhook needs of the region.  

Some of the Anai’o artefacts are also of a size that Walter and Campbell feel suggests a 

northern Cooks source rather than Aitutaki, which may have had smaller shells.  In the end 

however, the ultimate source of the pearlshell matters less than the fact that it was traded 

extensively around the southern Cook Islands and is a good indicator of the robusticity of 

trading networks. 

Walter sees the introduction of goods from Western Polynesia as the result of rare 

voyaging events, after which the goods circulated throughout the Cook Islands network.  

The contact with the Society Islands/Austral Islands networks would have been closer, 

allowing for a more regular exchange of ideas and a variety of raw materials (Allen and 

Johnson 1997; Sheppard et al. 1997:103-4; Walter and Dickinson 1989:99). 
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The ‘late’ period of exchange is characterised by the contracting of the spheres of 

interaction (Figure 2.4).  Goods are no longer coming in from other archipelagos, and 

exchange within the southern Cook Islands also seems to tail off.  This decline in inter-

island or inter-archipelago exchange, is particularly clear when considering the use of 

pearlshell for fishhooks.  Sites on Aitutaki, Mitiaro, Ma’uke and Mangaia all show a steady 

decline in the use of pearlshell for fishhooks (Kirch et al. 1995:52; Walter 1998; Walter 

and Campbell 1996), and in increase in the use of, and experimentation with, other less 

satisfactory species of shellfish for fishhooks (Allen 1992).   

 

 

Figure 2.4 Hypothetical interaction network during ‘late’ phase of Cook 
Island prehistory based on sourcing data.  A chain of voyaging linked 
islands from Mangaia to Aitutaki with most frequent interaction 
occurring within the intervisible islands of Ngaputoru. (after Walter 
1998:101). 
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Later in prehistory on Aitutaki, ca. AD 1650, the manufacture of fishhooks disappears 

altogether, perhaps due the fact other varieties of shellfish available, particularly Turbo, 

did not produce hooks that performed as well as the pearlshell hooks had done (Allen 

2002:199).  Similar changes in fishhook raw material are seen on the other three islands as 

well (Kirch et al. 1995:52; Walter 1998; Walter and Campbell 1996).  The patterns of 

exchange of stone also change during this period, with a concentration on more local 

resources on all the islands, cessation of importation from outside the archipelago, and the 

reduction (to almost nothing) of the use of basalt from Rarotonga, suggesting that it may 

have dropped out of the network fairly early on in the ‘late’ period (Sheppard et al. 1997).  

During this period Aitutaki became more and more isolated, although the evidence from 

stone tool sourcing (Allen and Johnson 1997:125) suggests at least limited contact with 

Mangaia, and possibly also with the Society Islands until proto-historic periods. 

Although the islands bear his name, Captain Cook only sighted three of them, 

Manuae on 23rd September 1772, Palmerston on 23rd June 1774, and Mangaia on 29th 

March, 1777.  He did, however, land on Atiu the day after he sighted Mangaia.  The first 

European contact with Aituaki was with the Bounty under the command of the infamous 

Captain Bligh.  The ship sighted Aitutaki on the 11th April 1789 and anchored long enough 

for some of the inhabitants to come out in a canoe and speak with the sailors (Rere 1985). 

Bligh visited Aitutaki again on 25th July 1792 in the Pandora, as part of the search for the 

mutineers, who had by that time reached the safety of Pitcairn Island.   

The next ship to arrive was the Cumberland in 1814, under Captain Goodenough.  

He was followed in 1821 by the first missionaries, led by the Rev. John Williams of the 

London Missionary Society, and the first permanent mission was established on Aitutaki in 

1839.  Outbreaks of disease in the mid-1800s saw the population decline from around 2000 

when the mission was established to less than 1200 after 1880 (Stoddart 1975:11).  
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Beaglehole (1957:6) says that prior to the arrival of the missionaries, all the villages were 

located on the ridge of hills inland, but most were moved to the west coast, and two to the 

east, through missionary influence.  This change in habitation sites, combined with the 

introduction of crops such as arrowroot, tapioca, rice, pumpkins, pineapples and oranges 

by the Europeans (Stoddart 1975:11) would have altered the subsistence systems of the 

inhabitants quite drastically.  Not only were there new foods to eat but the peoples’ 

proximity to resources would have changed – for example living on the coast would allow 

easier access to marine resources for not only the humans but possibly also for the pigs and 

dogs. 

Understanding where a site fits in the occupation sequence of an island is essential in 

interpreting the faunal evidence.  Polynesian subsistence appear to have followed a general 

process of change over time, with early settlers incorporating both terrestrial hunting of the 

native wildlife, usually birds, as well as exploitation of easily reached beds of shellfish 

along with fishing into their systems.  Over time there was an increased reliance on 

agriculture and animal husbandry (Dye and Steadman 1990; Kirch 1973, 1984, 2000, 

2000; Kirch and Yen 1982; Rolett 1989; Steadman 1997; Walter 1998). 

Developing a better understanding of the relationship between diet and other aspects 

of culture and its unique manifestation on Aitutaki, forms the major part of this thesis.  I 

will be building on previous work in this area by Allen (Allen 1992; 1992, 2002) who has 

concentrated on subsistence and subsistence change on Aitutaki, as well as in the wider 

Pacific.  Walter (Walter 1990; 1998) has done similar work on Anai’o, an early site on 

Ma’uke, linking in changes to subsistence practices such as fishing to wider trends in the 

southern Cook Islands and East Polynesia. 

As an almost atoll, Aitutaki places certain limitations on the plants and animals 

inhabiting it, and this includes people.  For example, limited resources will govern which 
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components of the introduced production systems will do well, which will assume greater 

importance and which will, perhaps, be allowed to fall by the wayside.  Bay-Peterson 

(1984), Giovas (2006) and Kirch (2000) present a compelling arguments that the presence 

of pigs in later prehistory is closely tied to island size and population pressure – small 

islands with large populations are less likely to keep pigs, who compete for food with 

humans, than those islands were there is less pressure on resources.   

The environment may dictate, for example, which fish species are initially 

represented when the island is settled, but the addition of humans to the ecosystem will 

have an immediate effect through predation and habitat alteration.  These changes in the 

environment, both natural and anthropogenic, and the human responses to them led to the 

unique production system and culture on Aitutaki.   

The path of adaptation is a significant contributor to the third topic of interest, the 

determination of a general archaeological sequence for Aitutaki and the Cook Islands. 

Most work in the southern Cook Islands, no matter how focussed on one island or 

subject (i.e. settlement pattern, change in subsistence, early settlement, human impact on 

the environment) will seek to place those results in some kind of chronological framework; 

and link that with the general archaeological sequence of the southern Cook Islands, if not 

with that of East Polynesia as a whole (Allen 1992, 1996; Allen and Wallace 2007; Kirch 

et al. 1992; Kirch et al. 1995; Walter 1996, 1998). 

At this point in time a very basic sequence has been developed, although there is 

much debate over the actual date of initial settlement.  This is discussed in the following 

section which deals with the so-called pause and the early settlement debate. 

By the time of the earliest settlements on Atitutaki ca. AD 1000 or slightly earlier 

(Allen and Wallace 2007:13), the southern Cook Islands shared a cultural complex with 

the rest of Central East Polynesia (CEP) which is often referred to as the ‘Archaic’ (now a 



 58

somewhat dated term).  This shared cultural complex reflects both their common ancestry 

as well as contact within the region.  The islands in this region were central to the 

development of these shared cultural practices.  Many similarities between the islands 

reflect “intermittent contact and the sharing of ideas, materials and innovations” (Walter 

1996:525) rather than wholesale transport of cultural traditions, although each island 

retained its unique local traditions. 

After this period of close contact with other CEP groups, a period of regional 

isolation began ca. AD 1500 during which inter-group voyaging declined markedly, as did 

intra-group voyaging to nearby islands (Allen and Johnson 1997; Walter 1998).  The 

reasons for this are unknown, although there may have been environmental causes, such as 

increased storminess during the so-called “Little Ice Age” ca. AD 1550-1900 (Allen 2006) 

which made voyaging more dangerous; or cultural causes such as the lessening of the 

cultural drive to maintain contact, or a combination of any number of such factors. 

2.5 Aitutaki the Island 

The Cook Islands is comprised of 15 islands, divided into two groups and is located 

in Central East Polynesia (Figure 2.5).  The northern Cook Islands consist of seven atolls, 

Palmerston, Suwarrow, Nassau, Pukapuka, Rakahanga, Manihiki and Tongareva 

(Penrhyn).  The more geologically diverse southern Cook Islands consists of Rarotonga (a 

high island), Mangaia, Takutea, Atiu, Mitiaro and Ma’uke (raised coral or makatea 

islands), Manuae (an atoll) and Aitutaki (an almost-atoll). 

Aitutaki is the most northern island of the southern Cook Group, approximately 

225km north of Rarotonga (Figure 2.5).  The term ‘almost atoll’ is used to describe 

morphology in which the main island is small enough that the surrounding reefs ‘almost’ 

form an atoll (Dickinson 1998:1051).  
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Figure 2.5  Map of the Cook Islands and Aitutaki (with permission from 
Allen and Wallace 2007:3) 

 

The main island of Aitutaki, is approximately 8km long and averages 2.4km wide 

(Milne 1991:5) with a total area of 16.8 km2 (Stoddart 1975:2), is essentially an eroded 
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pinnacle, with interior uplands surrounded by a flat coastal plain.  The highest point is Te 

Maunga Pu at 124m above sea level (Milne 1991:7). 

In general, the soils of the interior are volcanic in nature, while the coastal fringe is 

comprised of coralline sand (Milne 1991:8).  The island was originally formed by Late 

Miocene volcanism 8.0-6.6mya, and possibly existed as a submerged seamount until a 

second episode of volcanism during the Quaternary period (1.9-0.7mya) raised it above sea 

level (Dickinson 1998:1060).  Further post mid-Holocene emergence of approximately 

1.3m has also been documented (Dickinson 1998:1060) 

The island is surrounded by a large, roughly triangular reef of 50km2 (Stoddart 

1975:3).  To the north the reef comes to within 100m of the coast, while in the south it 

extends out to a distance of 2.4km (Milne 1991:5).  In common with other islands in the 

Cook-Austral group, Aitutaki’s lagoon is shallow with most of it around 4.5m deep and 

with maximum depths of only 10 to 15m (Dickinson 1998:1052; Stoddart 1975:36-37).  

Two islets, Rapota and Moturakau are volcanic (mostly basalt) in origin.  The other islets 

in the lagoon, concentrated along the eastern edge of the reef, are coralline in nature (Milne 

1991).  There are several passages through the reef, most located along the west coast.  The 

main one, and the largest, is the Arutanga Passage, which is located opposite the modern 

village of the same name. 

Aitutaki has a warm humid climate that is fairly uniform throughout the year.  The 

mean annual air temperature is 25.6°C, with a small range from 27.1°C in the hottest 

months to 24.1°C in the coldest (Milne 1991:6).  Although the mean annual rainfall is 

quite high at 1887 mm, there considerable variation in that amount, and the island suffers 

from drought or near-drought on a semi-regular basis during the dry months of June 

through September (Johnston 1967:75; Milne 1991:6).  The Cook Islands sit on the edge of 

the hurricane belt, and the “hurricane season” extends from November to April.  Winds of 
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gale force occur only three days of the year on average, but devastating cyclones and 

hurricanes touch the group at least every two years, with each island affected about once in 

every ten years (Gerlach 1954:3 in Johnston 1967). 

The modern vegetation of Aitutaki, based on work done on other Polynesian islands, 

is quite different than it was upon the arrival of the Polynesians and there are no areas of 

native flora remaining, as there are on Rarotonga (Stoddart 1975:117,122).  Unfortunately, 

no palynological studies have been done, so it not possible to say with any certainty what 

the original species compositions were.  Allan and Wallace’s (2007) work on identifying 

charcoal to species is the only archaeological evidence we have for what was present in 

prehistory.  Native and introduced species represented in the charcoal include Aleurites 

moluccana, Artocarpus altilis, Cocos nucifera, Cordia subcordata,  Guettarda speciosa, 

Hibiscus tiliaceus, Messerschmidia argentea, Pemphis sp., Pinctada margaritifera, 

Terminalia glabrata, Thespesia populnea and Tournefortia sp. (Allen and Wallace 2007:6-

8) 

Currently, Aitutaki can be divided into coast and inland zones.  Native species are 

generally confined to the coastal areas, and best represented in the more uninhabited areas, 

particularly the coral atolls (Milne 1991:8).  The coastal vegetation is generally formed of 

low scrub (Pemphis acidula, Suriana maritima, Scaevola taccada, Sophora tomentosa, 

Leucaena insularum) mixed with herbs (Heliotropium anomalum, Ipomoea pes-caprae, 

Triumfetta procumbens, Vigna marina), sedges (Fimbistylis cymosa), and grasses 

(Lepturus repens).  Pandanus (Pandanus tectorius) and au (Hibiscus tiliaceus) are also 

quite common along the coast, and are often mixed in with larger trees where they come 

down closer to the coast (western side of Aitutaki and motu). Within the coastal forest, 

common trees are puka (Hernandia peltata), pukatea (Pisonia grandis), tamanu 

(Calophyllum inophyllum), ano (Guettarda speciosa), toa (Casurina equisetifolia), and 
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coconut (Cocos nucifera).  Grasses, herbs and ferns are common under these forest trees 

(Milne 1991:9). 

The volcanic motu of Rapota and Moturakau differ from the coralline ones in that 

they have less scrub growing on the edge of beaches and support larger species such as 

tamanu, which grows down to the shore (Milne 1991:9). 

The inland vegetation is far more diverse, and contains a large introduced (both 

prehistoric and historic) component.  Coconut trees are most visible, though au is the most 

common tree on Aitutaki.  Other common trees are mango (Mangifera indica), and the 

Polynesian chestnut or i’i (Inocarpus fagiferus).  Ti (Cordylinefruticosa) frequently grows 

beneath these larger plants, along with various climbers and liane.  In more open areas 

(such as the summit of Maunga Pu) the vegetation is dominated by grasses (Panicum 

maximum, Sorghum sudanense), along with a variety of herbs (Milne 1991:9-10).  The 

swamp areas are primarily used for the cultivation of taro, but do have sedges and grasses 

growing around the edges, while water lilies grow in the water (Milne 1991:10). 

Allen (1992) suggests that prior to human occupation, the interior vegetation of 

Aitutaki may have resembled that of Atiu, for which palynological studies have been done.  

A core from a brackish water lake on the interface between the volcanic interior and the 

surrounding makatea (uplifted coral reef) indicates that the surrounding forest contained 

Weinmannia (cf. kaiatea), Coprosma, Glochidion (cf. ma’ame), Rapanea 

myricifolia/tahitiensis, Canthium, Gardenia, and a palm other than coconut (Parkes 1997). 

As discussed above, the Polynesians brought a variety of tree and plant crops with 

them when they settled new islands, and Aitutaki would have been no exception.  The 

impact of this on the original ecosystem would have been profound—land would have 

been cleared for crops resulting in loss of habitat and also erosion of soils, introduced crop 

and weed species would have competed with native species, and introduced predators such 
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as rats and land snails would have also had an effect.  Given that we only have 

circumstantial evidence as to the composition of the original flora of Aitutaki and the 

impact the introduced species had on it, we are reliant on what we can glean from the 

accounts of the very first European explorers and missionaries as to what the subsistence 

system had evolved into during the intervening centuries.  Unfortunately, there are only a 

few European references to agricultural practices at the time of European contact (e.g. 

Bligh 1937; Williams 1838), and virtually no archaeological evidence, although the carbon 

identification done by Allen and Wallace (Allen and Wallace 2007) does include food 

plants such as coconut, breadfruit, candlenut and pandanus.  As a result it is necessary to 

draw on what is known from other islands in the group, such as Rarotonga.  The Rev. 

Aaron Buzacott described the Rarotongan diet at contact thus: 

In 1828 the natives lived upon cocoa-nuts, bread fruit, bananas, and taro 

(wild arum), with what fish they could catch.  The original breed of pigs 

was very small, and pork was rarely tasted by the middle class, never by the 

poor (Buzacott 1985 [1866]:240). 

Although Buzacott was probably simplifying the precontact diet, possibly for political 

ends, its limited nature is clear (see Table 2.2 for a more complete list of ethnographically 

important foods).  The coconut was an important tree crop, dominating the coastal fringe, 

and providing drinking liquid when green, and when mature, flesh for eating and for 

making coconut cream and milk.  The tree also provided fronds for thatching and coir for 

making rope. When in season, breadfruit probably had a prominent position in the diet, 

although the degree of importance in Rarotongan prehistory is uncertain due to their 

destruction during precontact warfare (Rev. Pitman in Campbell 2003).  In historic times 

on Aitutaki, breadfruit trees were owned by individual families and grown next to the 

house (Johnston 1967:16).  Ma’i, a fermented paste of breadfruit, stored in large pits, was 
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an important famine food throughout Polynesia, and although no evidence of these pits has 

been found, Cheeseman reports its presence on Rarotonga (Campbell 2003:13; Cheeseman 

1901:296).  The early missionaries on Rarotonga reported that bananas were a common 

crop, and this was also the case on Aitutaki well into the 1960s (Campbell 2003:13; 

Johnston 1967:14).   Two kinds of banana were present on Rarotonga, the common banana 

or meika (Musa acuminata x balbisiana) and the ‘utu or plantain banana (sometimes 

referred to as Musa fehi), which grows up in the mountain valleys and was reportedly an 

important resource during famines (Cheeseman 1901:268).  

As on most Polynesian islands, great importance was also placed on taro, the most 

common being the Colocasia varieties.  While Rarotonga, with its running streams and 

steep valleys, provided a better environment for growing taro intensively in terraces 

(Campbell 2003:10-11), it would have grown well in the swampy areas of Aitutaki and 

today is found in lowland coastal swamps as well as swamps and fields in the interior.  The 

other varieties of taro were largely considered famine foods and not eaten on a regular 

basis.   

Other root crops such as yam (‘oi) were probably grown as well, although it appears 

that sweet potato (kumara) was not present on Rarotonga at contact (Campbell 2003:14). 

However, Hather and Kirch (1991) document its presence on Mangaia c. AD1000 so it was 

unquestionably present in the Cook Islands prehistorically.  Cheeseman (1901:289) lists 

two varieties grown “from time immemorial”, one with a white skin and yellowish flesh 

(Kumara-rea) and one with a white skin and flesh (Kumara-tea).  He reports that “of late 

years many varieties have been introduced from Tahiti, Samoa, &c., and these appear to be 

preferred to the original stock.”  Cheeseman (1901:299) states that there were eight or ten 

native varieties of yam on Rarotonga.   
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Table 2.2 Ethnographically important Cook Islands food plants (from 
McCormack 2002) 

Common Name Traditional 
Name 

Species Name Portion Eaten 

Potato fern Para Marattia salicina  
Giant Taro Kape Alocasia macrorrhiza Corm, leaves? 
Stink Lily Teve Amorphophallus 

paeoniifolius 
 

Coconut Palm Nu Cocos nucifera Nut – flesh and milk 
Taro Taro Colocasia esculenta Corm, leaves 
Cordyline Ti Cordyline fruticosa Root 
Turmeric Renga Curcuma longa Root 
Atoll Taro Puraka Cyrtosperma chamissonis Corm, leaves? 
Winged Yam U’i Dioscorea alata Tuber 
Bitter Yam ‘Oi Dioscorea bulbifera Tuber 
Lesser Yam ‘Oi (Mitiaro) Dioscorea esculenta Tuber 
Spiny-base Yam U’i Parai(?) Dioscorea nummularia Tuber 
Finger-leaf Yam Pirita Dioscorea pentaphylla Tuber 
Wild Sugarcane To Kaka’o  Saccharum officinarum Stem 
Mountain Banana ‘Utu Musa troglodytarum Fruit 
Banana Meika Musa X paradisiaca Fruit 
Pandanus ‘Ara-tai Pandanus tectorius Fruit kernals 
Pacific Arrowroot Pia Maori Tacca leontopetaloides Root 
Candlenut Tuitui Aleurites moluccana Nut 
Breadfruit Kuru Artocarpus altilis Fruit 
Boerhavia tetrandra Runa Boerhavia tetrandra  
Reinwardt’s Cherry Ni’oi (Ma'uke) Eugenia reinwardtiana Fruit 
Polynesian Chestnut I’i Inocarpus fagifer Nut 
Sweet Potato Kumara Ipomoea batatas Tuber 
Melastoma ‘Ua Motukutuku Melastoma denticularum  
Indian Mulberry Nono Morinda citrifolia Fruit 
Cook Islands Myrsine Ka’ika Ma Myrsine cheesemanii  
Native Pigweed Pokea ‘Enua Portulaca lutea Stem, leaves 
Large-fruit Solanum Morerei 

(Mangaia) 
Solanum repandum Fruit? 

Otaheite Apple Vi Kavakava Spondias dulcis Fruit 
Malay Apple Ka’ika Maori Syzgium malaccensis Fruit 
Eastern Tropical-
almond 

Kauariki ‘Enua Terminalia glabrata Fruit kernals 

Sea-Grapes Seaweed Rimu Kai Caulerpa racemosa Leaves 
 

According to McCormack and Künzlé (1995:87), two species of yam, Dioscorea bulbifera 

and D. pentaphylla have naturalised on Rarotonga, probably as a result of swiddening in 

the area; other common yam varieties such as D. alata and D. esculenta are not found on 

the island today, which does not, however, preclude their cultivation in prehistory 

(Campbell 2003:13).  Ti (Cordyline fruticosa) and i’i (Tahitian or Polynesian Chestnut, 



 66

Inocarpus fagifer) were secondary food plants.  Ti was cultivated for its large root, which 

could be baked, and was reportedly very like butterscotch in flavour and sweetness 

(Campbell 2003:13).  I’i is a large tree which produces edible nuts.  These long-lived trees 

grow wild throughout the forests on Rarotonga and Aitutaki (McCormack and Künzlé 

1995:99; Milne 1991:9), and also serve as boundary markers throughout Rarotonga 

(Campbell 2003:14). 

The bird life of modern-day Aitutaki is notably depauperate compared to other 

islands in the area.  There are currently no native land birds on the island, and only two 

introduced species: the Indian Myna (Acridotheres tristis) and the Tahitian Lorikeet (Vini 

peruviana).  Two native species, the Pacific Pigeon (Ducula pacifica) and Cook Island 

Fruit Dove (Ptilinopus rarotongensis) are thought to have been extirpated in the last 50 

years (Allen and Steadman 1990).  Presumably the remaining native species became 

extinct or were extirpated at some point in prehistory or outside the range of living 

memory.  The seabirds have fared a little better on Aitutaki, with a number species found 

extant in and around the island (Child 1981; Taylor 1984): frigate birds (Fregata minor 

and F. ariel), the Fairy Tern (Gygis alba), noddies (Anous spp.), Red-tailed Tropic Bird 

(Phaethon rubricauda), Bristle-thighed Curlew (Numenius tahitiensis), Golden Lesser 

Plover (Pluvialis dominicus), Reef Heron (Egretta sacra) and the Grey Duck (Anas 

superciliosa). 

Pigs, dogs, and rats were the only land mammals on Aitutaki in prehistory along with 

chickens, aside from the extirpated fruit bat Pteropus tonganus.  If little is known about 

pigs and dogs in Cook Islands prehistory, then even less is known about chickens and rats.  

Chickens receive barely a mention from the first Europeans in the area, other than to note 

their presence or absence.  On Managaia they disappear from the archaeological record just 

before European contact (Kirch 2000:432), but experienced a rise in numbers, along with 
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pigs and dogs, before disappearing, perhaps due to overpredation by humans (Steadman 

1995:1125; 2006).  A rise in numbers during prehistory was also noted in the Aitutaki 

excavations (Allen 1992:383).  Rats in plague numbers were mentioned by the 

missionaries on Rarotonga (Buzacott 1985 [1866]:37) from their first days there, as well as 

on Aitutaki “there being no quadrupeds on the island, but a few millions of rats…” 

(Williams 1838:18).  On Mangaia rats formed an important part of the diet (Williams 

1838:64), but there no evidence that they were eaten on Aitutaki in prehistory (Coleman 

1998). 

The surrounding reef and deep ocean areas also supplied the prehistoric people of 

Aitutaki with a significant amount of their dietary needs.  Allen (1992:81) identified two 

main habitat zones, the outer reef and the inner reef.  The outer reef is also known as the 

‘barrier reef’, and encloses and protects the lagoon from the ocean swell.  The inner reef, 

protected from large waves except in storms, has a higher salinity level due to evaporation, 

and the flow of nutrients from the open ocean is limited, except through the reef passages. 

The number of fish families present in the Southern Cooks is estimated to lie 

between the 84 families present in the Society Islands to the northeast, and the 63 fish 

families present in the Austral Islands to the southeast (Randall 1985; and Springer 1982 in 

Allen 1992b:89).  The Cook Island Ministry of Marine Resources estimates that there are 

45 fish species commonly eaten in the southern Cook Islands today.  This can be broken 

down further: twenty six lagoon and reef species, six outer reef species, six deep bottom 

species, six pelagic species, and one species of eel (Allen 1992:89). 

Aitutaki is rich in molluscs as well, with 130 species recorded (Gibbs 1975).  

Important species are Turbo setosus, T. argyrostomus (Turbans), Tridacna spp., Asaphis 

violascens (Box Sunset Shell) and the introduced Trochus niloticus (Pearly Top Shell).  

Also important, especially in prehistory for making fishhooks, is pearlshell (Pinctada 



 68

margaritifera), which is still found in the lagoon today, though in small numbers (Allen 

1992:92).  Crustacea are also common food items, and the list of those exploited includes 

Cardisoma carnifex (Butcher Landcrab), and Panulirus penicillatus (Golden Rock 

Lobster).  Green turtles (Chelonia mydas) are also found within the lagoon and are a 

sought-after delicacy (Allen 1992:92; 2007).   

Aituaki provided a rich and varied environment for the new arrivals, one which they 

modified and added to with the plants and animals they carried with them. 

2.6 Conclusion 

This chapter presents the background to areas that the following chapters will draw 

upon to examine the diets of humans, pigs and dogs in Aitutaki’s prehistory, as well as 

dietary change.  An overview of Polynesian subsistence systems, and how pig and dog 

were integrated into them, provides the necessary backdrop against which to evaluate the 

isotopic results.  Understanding the physical setting of the island, as well as the natural and 

introduced biota, gives context to discussions on what plants and animals were utilised and 

how access to them might have changed over time.  Finally, understanding the links 

Aitutaki had with local and regional interaction spheres places the island within a wider 

framework against which to evaluate changes occurring on Aitutaki along with wider 

regional changes.   

The following chapter will present the archaeological evidence for dietary change on 

Aitutaki, and how stable isotopes can help us to understand those changes in more detail 

and from different angles.
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CHAPTER 3:  

AITUTAKI AND THE SITES 

Chapter 2 set Aitutaki within the broader Polynesian framework, examining what we 

know of the exploration and settlement of the region, as well as subsistence systems.  

Chapter 3 focuses on the archaeological evidence for dietary change over time on Aitutaki, 

its nature, and potential reasons for this shift.  The sites, along with their stratigraphies and 

chronologies set the stage for examining both change in diet over time, as well as 

differences in diet across the island. 

3.1.1 Testing the model 

In order to meet the three main objectives of the study, it was necessary to choose 

sites on Aitutaki that met certain criteria.  The four basic requirements were: 

1. They must contain human, pig and dog bone in reasonable quantities from a 

range of stratigraphic layers; 

2. They must have securely dated stratigraphic layers that represent a reasonable 

span of time; 

3. There must be good isotopic preservation; and 

4. There must be permission from the associated families and landowners of the 

site to use human bone in the study. 

The four sites on Aitutaki that met, or largely met, these requirements were Ureia (Ait10), 

Hosea (Ait50), Aretai (Ait49) and Moturakau (MR1).   
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3.2 The Sites 

Three of the four sites Ureia (AIT-10), Hosea (AIT-50) and Aretai (AIT-49) are 

located on the western side of the main island; the fourth site, Moturakau (MR-1), is 

located on the island of the same name (Figure 3.1). 

 

 

Figure 3.1 Map of Aitutaki showing the four sites of Ureia (AIT-10), Hosea 
(AIT-50), Aretai (AIT-49) and Moturakau (MR-1) (used with permission 
from Allen and Wallace 2007). 
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The sites represent both permanent (Ureia, Aretai and Hosea) and temporary 

occupations (MR-1), as well as two different areas of the island.  Ureia and Moturakau are 

the focus of the analysis as they produced the largest assemblages and this combined with 

their slightly greater time depths means their assemblages are more useful for examining 

any changes in diet over time than Aretai and Hosea which had fewer samples and less 

stratigraphic zones represented.   

3.2.1 Ureia (AIT-10) 

The site of Ureia is located next to the Siloa Congregational (or Free) Church on the 

western coastal fringe of the main island, near the large reef passage of Arutanga (see 

Figure 3.1).  The shoreline along this section of coast is largely shallow reef-flats, with a 

sharp drop-off outside the reef.  Inland of the site is a marsh and beyond that the land rises 

abruptly into the hilly interior (Figure 3.2) (Allen 1992:130).   

The site was first recorded by Peter Bellwood (1978:97) in 1969.  Ureia is commonly 

believed to be the site of the marae called Aurupe-te-rangi (place of heaven), built by 

Matareka, brother of Te Erui (Allen 1992:130; Bellwood 1978:97).  During the 1969 

survey the site was recorded as consisting of a basalt-lined cist, which he concluded was 

probably a Christian burial.  In 1970 Bellwood (1978:135) spent three and a half days 

excavating four trenches near the cist, with a total area of 11.8 square metres excavated to 

approximately a metre depth (in the trenches where human burials did not interfere).  He 

identified 9 stratigraphic layers (Figure 3.4), and charcoal from the basal occupation layer 

yielded two dates (Bellwood 1978:135).which have been recently recalibrated by Allen 

and Wallace (Allen and Wallace 2007:6) cal. AD 1020-1190 at 1 σ and cal. AD 1280-

1400, suggesting initial occupation during the 11th to 13th centuries.  A date of cal. AD 

1410-1620 1 σ (Allen and Wallace 2007:6) was obtained from layer 5 and a modern date 

from layer 3  
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Figure 3.2 The site of Ureia (AIT-10) showing both Bellwood’s and Allen’s 
excavations (after Allen 1992:129) 

 

Faunal remains recovered during the excavation were predominantly fish bone, but 

pig, dog and rat bone, and shell was also recovered.  Five human burials were uncovered in 

layer 3 and were left in situ, although some human bone was found amongst the other 

faunal remains when they were forwarded by Bellwood to the University of Auckland for 

analysis.  A variety of pearlshell hooks and blanks were also recovered, and one adze 

(Bellwood 1978:136-8).  Bellwood classified Ureia as a “beach midden” and likened it to 

the site of Ngati Tiare on Rarotonga, based on site location, dates, and assemblages 

(Bellwood 1978:139). 
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The site was reinvestigated by Melinda Allen and David Steadman in 1987 (Allen 

and Steadman 1990) for seven weeks, and again for an extended period in 1989 (Allen 

1992:107-9), with a total of 13 square metres excavated to approximately a metre in depth.  

There were 13 stratigraphic layers (termed zones) identified (see Figure 3.3); four were 

cultural in origin (the prehistoric zones are C, E and G), and two contained redeposited 

cultural material (zones I and J).  These cultural layers were separated by bands of largely 

sterile marine sediments, most likely storm deposits (Allen 1992:137).  These storm 

deposits contain small amounts of cultural material, representing material caught up from 

the cultural layers below during deposition, or intrusions from cultural layers above (Allen 

1992:137).   

 

Figure 3.3 Stratigraphic sequence at Ureia, showing the east face of TP4 
(after Allen 1992:134) 
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The site has recently been redated (Allen and Wallace 2007) and this has shown 

Ureia to be a later site than was previously thought, probably because the original dates 

were run on wood from long-lived trees.  The oldest Zone, J, is now dated to cal AD 1225–

1430 (1 σ). Zone G dates to cal AD 1220–1440 (1 σ).  The dates for Zone E, cal AD 1220–

1390 (1 σ), are those reported in Allen (1994), although she points out (Allen and Wallace 

2007) that Bellwood’s (1978) calibrated date for this layer of AD 1410–1620 (1 σ) places 

this Zone much later in time.  This new chronology suggests rapid, successive occupations 

at Ureia during the 13th and 14th centuries, interspersed with major storm events that 

reworked the cultural deposits and laid down clean white sand (Allen and Wallace 2007:5).  

These storm events may have contributed to the abandonment of the site after this period, 

with resettlement occurring in the 17th century (Zone C).   

 

 

Figure 3.4 Correlations of stratigraphy from excavations at Ureia by 
Bellwood (1978) and Allen (1992). 

 

Zone G seems to represent the most intensive occupation of the site, covering at least 

40 m2, with evidence of structures and earth ovens, as well as a high density of artefacts 
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and faunal remains.  Activities carried out at the site included cooking, shell fishhook 

manufacture, and reworking of basalt adzes (Allen 1992:146).  The artefacts from this 

Zone, as well as the redeposited artefacts from Zones I and J, are typically early East 

Polynesian in character.  Zone E is similar to Zone G in that there is the suggestion of 

living structures on site, but the density of artefacts and faunal remains is lower, suggesting 

a shorter time of occupation, or occupation by fewer people.  Zone C contains a mixture of 

prehistoric and historic artefacts, and while largely prehistoric it probably spans the period 

of European contact given the historic burials that were dug from that level, possibly 

containing the first victims of introduced European diseases (Allen 1992:141; Bellwood 

1978:136).  Ureia appears to have been a residential occupation initially, with the function 

changing to that of a burial ground at some point (Allen 1992:147; Bellwood 1978:136). 

Correlations between Allen’s and Bellwood’s excavations have been problematic, in 

large because of discontinuities in stratigraphy across the site; however it is possible to 

make several general associations (Allen 1992:142-3) based on depth, composition of the 

layer, and associated radiocarbon dates (see Figure 3.4).  Allen’s Zones A, B and C 

correspond directly with Bellwood’s Layers 1, 2 and 3.  Bellwood’s Layer 5 probably 

corresponds to Allen’s Zone D/E; while his Layer 8 may correspond either with Zone G or 

with Zones I-J (Allen 1992:142-3; Bellwood 1978:134-5). 

Allen (1992:143) argues that based on the composition of the faunal and wood 

charcoal assemblages, Ureia does not represent the initial settlement of Aitutaki, and the 

later dates reported in Allen and Wallace (2007) would seem to support this.  Early East 

Polynesian settlements are usually characterised by a wide range of bird species, including 

species that later became extinct or extirpated; and wood charcoal from native forest 

species rather than charcoal from introduced crop trees such as breadfruit, as is seen at 

Ureia (Allen and Wallace 2007).  The avifaunal record from Ureia is depauperate, with 
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remains of only four native land birds, and one seabird, recovered.  Assuming that the 

avifaunal population of Aitutaki was similar to that of the other southern Cook Islands, the 

record from Ureia would seem to show the population was already severely affected by 

human predation and habitat alteration by the time Ureia was first settled (Allen 1992:383; 

Kirch et al. 1992; Steadman 1995, 1997, 2006).  The lack of temporal change in the pig 

and dog bone assemblage would also seem to suggest that populations of these 

domesticates were well established on the island at the time of settlement at Ureia, and do 

not represent a small, seldom-utilised founding population (Allen 1992:386). 

The fish remains indicate that at Ureia, the majority of the fish species were taken 

from the inshore environment (Allen 2002; Nicholls 2000), with two families, the Scaridae 

(parrotfish) and Serranidae (rock cod and groupers) dominating the assemblage (Allen 

1992:405).  Scarids are the most common fish in Zones G and E, giving way to the 

Diodontidae (porcupinefish) in Zone C; Serranidae is the second most common family 

throughout the occupation.  The rise of the Diodontids, and another family the Balistididae 

(triggerfish), both fish that are commonly taken with nets, may indicate a shift in fishing 

techniques (Allen 1992:196).  While changes in fishhook styles and abundance can be 

clearly seen in the Moturakau assemblage and have been linked to changes in the fish 

species represented at that site (discussed below), only five hook fragments were excavated 

at Ureia, and all appear to be one-piece; limiting any correlation between changes in fish 

species taken and fishing technology for this site (Allen 1992:238). 

Ureia, while not representing the earliest settlement of Aitutaki, is currently the 

earliest settlement along the western side of the island.  For most of the time it was 

inhabited, the site was residential, and the occupants utilised the resources of the nearby 

reef, as well as domestic animals and, early in the sequence, the native birdlife.  Later in 

prehistory, or during the early contact period, the area became a burial ground. 
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3.2.2 Aretai (AIT-49) 

The site of Aretai is located on the northern coast of the island (see Figure 3.1) on a 

level coastal shelf between the steeply rising inland area and the coast, and was located and 

excavated by Allen in 1989 (1992:155).  The lagoon at this point is wider than further 

south near Ureia and Hosea, as well as being deeper, sandier, and contains actively 

growing coral heads.  Allen considered it a more diverse marine environment (1992:156).  

According to Allen’s informants, the area was the residential focus of the island before 

WWII, after which it moved south to Arutanga. 

 

 

Figure 3.5 The site of Aretai (AIT-49) (after Allen 1992:157) 
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Approximately 11 square metres were excavated to a depth of over a metre.  Four in 

situ cultural zones were identified, and these covered the entire area, though separated by 

storm deposits closer to coast.  The inland areas appear to have been continuously 

occupied throughout the history of the site.  The earliest of these zones, Zone G, dates to 

cal. AD 1440-1620 at 1σ and is roughly contemporaneous with Hosea’s Zone E.  Zone E 

at Aretai dates to cal. AD 1490-1660 at 1σ.  Zone C is also presumed to be prehistoric 

based on its artefact assemblage (Allen 1992:159-60; 1994:68-69). 

 

 

 

Figure 3.6 Stratigraphic sequence at Aretai, showing the nor-northeast 
face of Trench 21 (after Allen 1992:158) 
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Storm deposited sediments were apparent in the excavation units closest to the coast, 

separating the deep cultural deposits, while the units further inland had uninterrupted 

cultural layers (Figure 3.6) (Allen 1992:156). 

Site use appears to be similar to that of Ureia.  There is evidence of structures, pebble 

paving, ovens and activities such as fishhook manufacture and basalt tool manufacture.  

The densities of faunal remains were lower at Aretai, in contrast to the other two sites.  

Although located on a different part of the coast to Ureia and Hosea, the type of occupation 

of Aretai appears to have been fairly similar to those two sites. 

3.2.3 Hosea (AIT-50) 

The Hosea site lies north of Ureia on the north end of the Arutangi-Amuri Bay (see 

Figure 3.1).  The site is located on a flat area approximately 120 metres inland from the 

coast.  A stream runs to the north of the site, and inland the land was low-lying, prone to 

flooding, and contained a semi-permanent pond which has now been filled in.  On the 

northern side of the stream there is a ridge running inland from the coast that contains 

exposed adze quality basalts.  The coastal environment is very similar to that at Ureia—

shallow reef-flats fronted by a sand beach.  Oral tradition holds that this was the location of 

a marae, although no physical remains are visible.  A marae called Kakeu-te-rangi (AIT7), 

believed to be built by the ancestral figure Te Erui, sits on the crest of the ridge 

overlooking the coast (Allen 1992:148-9; Bellwood 1978:97).  In the 1990s a house was 

built on the central part of the site, possibly over, or just to the south of, TP3, 4, and 7. 
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Figure 3.7  The site of Hosea (AIT-50) (after Allen 1992:150) 

 

The site was first recorded by Allen and excavated in 1989 (Allen 1992:148).  A total 

of seven square metres was excavated to a depth of just over a metre, revealing eight 

stratigraphic layers; two of which were in situ cultural layers (Zones E and G), Zone C was 

a badly disturbed cultural layer, four represented storm deposits (Zones B, D, F and H) and 

Zone A is the modern surface.  Zone G has been dated to cal. AD 1290-1410 at 1σ and 

Zone E to cal. AD 1480-1660 at 1σ, while the few artefacts recovered from Zone C 

indicate that it is likely prehistoric as well although it has been badly disturbed and shows 

some mixing at the boundry with Layer B above (Allen 1992:151; 1994:68).  The 

occupation of Zone G was the most intensive, with Zone E containing less artefactual and 

faunal remains.   
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Figure 3.8 Stratigraphic sequence at Hosea, showing the east face of TP5 
(after Allen 1992:152) 

 

Like Ureia and Aretai, the sequence at Hosea shows evidence for a number of storm 

deposits interrupting the cultural layers.  Zone C, in particular, was badly disturbed by the 

laying down of the storm deposit in Zone B (Allen 1992:151). 

The occupation sequence at Hosea appears to have been very similar to that of Ureia, 

with evidence for structures and associated activity, as well as artefacts such as fishhooks 

and stone flakes.  The faunal remains are also roughly comparable, with similar amounts of 

pig, dog, chicken, birds and sea-mammal bone (Allen 1992:154).  With the recent redating 

of Ureia the two sites are now considered contemporaneous (Allen and Wallace 2007).    
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3.2.4 Moturakau (MR-1) 

The site of Moturakau consists of a rockshelter with two compartments, located on 

the islet of Moturakau, which is about 5km from the main island (Figure 3.1).  As 

mentioned above, the islet of Moturakau and Rapota are volcanic in nature, unlike the 

majority of the islets surrounding the lagoon.  The rockshelter is found at the base of the 

“spine of volcanic tuff” (Allen 1992:161) which runs across the island, with coral sand 

build-up on either side (Figure 3.9).  The volcanic tuff, while mostly palagonite ash, also 

contains blocks of adze-quality basalt (Allen 1992:161).   

 

Figure 3.9 The site of Moturakau (MR-1) (Allen 1992:162) 

 

The islet is not currently inhabited on a permanent basis (although boat tours do visit 

the island daily), and there is no surface water.  The translation of Moturakau is “wooded 
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islet” (Allen 1992:161), and this is an apt description, even today.  As discussed above, 

Moturakau, unlike most of the islet which only support coconut palms and low shrubs, 

supports a larger range of vegetation, including Tamanu trees (Calophyllum inophyllum) 

which reach up to 25m in height (Allen 1992:161).  The surrounding lagoon provides a 

wide range of marine resources.  Several species of gastropod can be found along the 

rocky parts of the shore, and a variety of fish species are available both close to the islet 

and further out by the reef. 

 

 

Figure 3.10 Location of the Moturakau test pits within the two 
rockshelters (after Allen 1992:166) 

 
The site was initially located and tested in 1987 by Allen and Schubel (Allen and 

Schubel 1990) and excavated in 1989 (Allen 1992:161).  Shelter A is approximately 3.5 
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metres wide by 2.8 metres deep, and Shelter B about 3.2 metres wide by 2.2 metres deep.  

Both shelters are about a metre in height.  Altogether 16 square metres were excavated 

between the two shelters (Figure 3.10), eight square metres in and around Shelter A and 

seven square metres around Shelter B.  One metre square unit was excavated between the 

two Shelters (Unit 11) (Allen 1992:167).   

 

 

Figure 3.11 Stratigraphic sequence at Moturakau Shelter A, showing the 
south face of TP1 (after Allen 1992:168) 

 

Allen identified a total of 13 stratigraphic layers in Shelter A, and 10 in Shelter B 

(Figure 3.11 and Figure 3.12).  It was not possible to correlate the stratigraphy between the 

two shelters with complete confidence, but the alphabetic Zone assignments given to the 
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layers in both shelters represent the most probable correlations.  Both shelters were 

excavated to approximately 1.2 metres in depth (Allen 1992:167,171). 

The earliest dates for Moturakau come from Zone K of Shelter A (cal. AD 1160-

1290 at 1σ) and Zone D of  Shelter B (cal. AD 1185-1280 at 1σ), although the latter 

sample may represent older material shifted upwards as a result of faunal disturbance.  

These dates indicate that the shelter was probably first occupied during the early part of the 

13th century.  A thick storm deposit overlays these layers, and is dated to sometime after 

the 14th century.  Zone D of Shelter B, which overlays this storm deposit, is dated to cal. 

AD (1460-1630) at 1σ.  The dates for Zone C in each shelter differs, with Shelter A 

retuning a date of cal. AD 1320-1460 at 1σ, and Shelter B Zone C dating to cal. AD 1670-

1950.  Allen suggests that the early date for Zone C in Shelter A probably reflects intrusive 

material from below, but the Shelter B date was from an in situ fire pit which suggests that 

this date is more reliable.  Zone B in Shelter A dates to cal. AD 1700-1960 at 1σ, and Zone 

A in Shelter dated to cal. AD 1640-11810 at 1σ (Allen 1992:174; 1994:70; Allen and 

Wallace 2007). 

Storm deposits affected both shelters, although Shelter A appears to have borne the 

brunt of these inundations.  The storm event represented by Zone E significantly affected 

the underlying layers, particularly Zone F, and artefacts found in that layer most likely 

originated from Zone F and below.  The upper layers are affected by processes of 

sedimentation and weathering of the rockshelter walls (Allen 1992:177-8). 
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Figure 3.12 Stratigraphic sequence at Moturakau Shelter B, showing the 
north face of TP7 (after Allen 1992:172) 

 

Based on the recovered artefacts and faunal remains, Allen interprets Moturakau as a 

special purpose site, probably for fishing.  It appears that use of the shelters intensified 

through time, and possibly they began to serve different purposes, with Shelter A used for 

cooking and eating based on the charcoal and faunal remains recovered, and Shelter B used 

for other activities such as sleeping (Allen 1992:178-9). 

3.3 Archaeological evidence for changing diet in prehistoric Aitutaki 

Allen’s (1992) work on Aitutaki revealed not only the expected evidence for a 

decline in the avian populations on the island after the arrival of humans (based on 

avifaunal assemblages across many other islands), but also evidence for an overall decline 
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in fishing over time across all the sites on Aitutaki.  This was unexpected because “one 

expectation is that the disappearance of accessible and abundant protein resources [i.e. 

birds] would have led to an increased dependence on less desirable and more costly ones, 

as for example fish and shellfish” (Allen 2002:195).  Clearly in the case of Aitutaki, this 

did not happen, leading to the question of why the inhabitants had not gone along with the 

“…theoretical expectations and popular notions about life on tropical Pacific islands…” 

(Allen 2002:195) and reduced their reliance on fish.  Allen has identified three other 

interrelated trends in prehistoric fishing on Aitutaki, in addition to the apparent decline in 

fish consumption (though clearly tied in with it, and probably contributing factors), that 

she considers significant and these are: “changes in fishing technologies, catch 

composition, [and] fishing habitats…” (Allen 2002:198), the latter referring to where the 

fish were caught, for example reef-flats or beyond the reef.   

3.3.1 Changes in fishing technologies – fishhooks 

The shelter site of Moturakau contained a relatively large assemblage of fishhooks 

(n=151), from all the occupational layers, enabling Allen to examine changing fishing 

technologies from a source other than the fish bones themselves.  As discussed above, 

pearlshell (also known as black lip oyster, Pinctada margaritifera) was the most common 

raw material for fishhooks throughout the Cook Islands, and in the early settlement period 

Aitutaki was no exception.  Early in the Moturakau sequence (ca. AD 1300), there was on-

site manufacture and use of fishhooks, the majority of which were made from pearlshell, 

though a small number were made from turban shell (Turbo setosus).  Around AD 1450-

1550 (Zone D), the number of pearlshell hooks begins to decline (Figure 3.13), along with 

preforms and blanks, but it was still most common type of shell in the assemblage. The 

amount of pearlshell continues to decline after this, and by ca. AD 1650 shell hooks of any 

kind have disappeared altogether.  The increased presence of turban shell seems to be 
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evidence for a period of experimentation using turban shell as a replacement for pearlshell, 

but turban may lack pearlshell’s strength and resilience, making it an inferior raw material 

(Allen 1992); and only jabbing forms of hook are made from this shell, not the curved 

forms seen in pearlshell.  Hiroa’s ethnographic study of Aitutaki showed that nets and 

weirs were the most common way of catching fish in early historic times, leading Allen to 

argue that this lack of appropriate raw material for making fishhooks may have led to a 

drastic change in technologies (Allen 1992:257; 2002:200; Hiroa 1927).   
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Figure 3.13 Moturakau fishhooks, preforms, and blanks by raw material 
type, from early Zone J to most recent Zone A (after Allen 2002:199). 

 

This decline in pearlshell may be linked to a decrease in voyaging and exchange in the 

southern Cooks in general at this time, with the result that islands that relied on imported 

pearlshell, which was largely sourced from the northern atolls (Walter and Dickinson 

1989:98), found it increasingly difficult to obtain.  Although local pearlshell might have 

been available initially, Allen speculates that runoff from deforestation of the island’s 
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interior may have silted up the lagoon to the point that their habitat deteriorated and their 

abundance declined (Allen 1992). 

3.3.2 Catch composition and habitats 

Work by Allen (Allen 2002) has shown that at both Ureia and Moturakau the 

emphasis throughout time was always on the inshore habitat and this has been bolstered by 

Nicholls’ (2000; 2003) work using DNA to identify the most common family, Serranidae, 

to species level and therefore habitat.  Perhaps as a result of this inshore focus, the catch 

composition at Ureia seems to show resource depression with the number of large bodied 

fish decreasing over time.  In contrast, this trend is not seen at Moturakau, perhaps 

reflecting the greater range of habitats available to the fishermen based at that site 

compared to the more limited inner-reef area available to the Ureia fishermen.  The people 

of Ureia seem to have countered this reduction in local inshore fish by travelling further to 

fish, utilising different habitats, and as a result taking fish in slightly greater quantities 

from offshore (Allen 2002:204).  At Moturakau, however, there was a slight decline seen 

in a few groups of offshore and pelagic fish such as lutjanids (snapper) and carangids ( 

jacks and trevallies).  For example, lutjanids (snapper) decline from 9% in Zone F/H 

(early) to 2% in Zone B (late).  These kinds of fish are typically taken with hooks, so this 

may tie in with the decline in use of pearlshell for hooks (Allen 1992:419; 2002). 

3.3.3 Decline in fishing over-all 

The trend is most dramatic at the site of Moturakau which sees a six-fold drop in fish 

bone density from the earliest stratigraphic zones to the most recent, although it is clear at 

Ureia and Hosea as well (see Table 3.1 below).  Aretai is slightly more ambiguous, 

showing an initial increase in fishbone density, before a decline. 
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Table 3.1: Density of fish bone in occupation zones. (data from Allen 
1992:419) 

Site Density (NISP) 
Ureia (AIT-10)  
Zone C minus diodon bone 70/m3 
Zone E 315/m3 
Zone G 952/m3 
  
Hosea (AIT-50)  
Zone E 448/m3 
Zone G 759/m3 
  
Aretai (AIT-49)  
Zone A 112/m3 
Zone C 124/m3 
Zone E 205/m3 
Zone G 96/m3 
  
Moturakau (MR-1)  Shelter B  
Zone A 563/m3 
Zone B 1774/m3 
Zone C 2402/m3 
Zone D 5706/m3 
Zone F/H 6040/m3 

 

The steepest drop in fish numbers takes place after the 16th century, coinciding with 

the decline in pearl shell fishhooks.  In 1984, Kirch  proposed the idea that over time, 

terrestrial protein would assume greater importance in the diet of a particular island, partly 

making up for a decline in fishing, resulting in an overall decline in protein consumption.  

Was this the case on Aitutaki?  Looking at changes in amounts of the potential terrestrial 

dietary sources—pigs, dogs and chickens (rats were not considered to be part of the 

prehistoric diet)—Allen concluded that there was no clear temporal changes over time in 

any of these species.  As can be seen in Table 3.2 and Table 3.3 below, chicken is the only 

species that shows a general increase over time in all sites.  Pig declines over time (Ureia), 

increases (Moturakau and slightly at Hosea), or remains roughly the same with fluctuations 

(Aretai).  Dog generally increases at Ureia, Hosea and Aretai; and at Moturakau, increases 

dramatically until Zone C, when the numbers decline just as sharply.  She suggested two 

possible reasons for these mixed trends: firstly that the small sample sizes were masking 

any changes that are present or; that the sites excavated were all established late enough in 
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the prehistoric sequence that the populations of domestic animals, and their exploitation, 

had largely stabilised (Allen 1992:386, 437).  The one trend that is fairly clear though, is 

that pig dominates over dog in virtually all the Zones in all the sites. 

 

Table 3.2 Mainland Sites: Density (NISP/m3) of Non-Fish Vertebrates 
(data from Allen 1992:387) 

 Ureia Hosea Aretai 
Zone C E G E G A C E G 
Chicken 11.7 8.5 1.3 1.6 0.9 0 0 0 0 
Pig 8.8 11.6 26.8 9.0 8.1 16.0 0 9.0 17.9 
Dog 48.1 6.9 10.2 3.2 1.8 0 7.3 2.3 0 

 

Table 3.3 Moturakau (MR-1) Shelter A: Density (NISP/m3) of Non-Fish 
vertebrates (data from Allen 1992:388). 

Zone A B C D F H/J K 

Chicken 5.1 0 0 2.5 0 0 2.6 

Pig 63.1 4.5 0 3.5 6.3 4.9 0 

Dog 12.8 48.8 150.9 136.5 3.2 0 0 

 

This trend towards less fishing overall has also been seen in assemblages from 

Rotuma (Allen, Ladefoged et al. 2001) and the Marquesas (Dye 1990; Leach et al. 1997; 

Rolett 1998).  Although the factors behind these decreases are not well understood and 

may vary from island to island, it is clear that this is not an isolated trend restricted to one 

island or indeed even one set of causal factors.  It might seem most logical that people 

faced with declining access to natural terrestrial protein would automatically turn to marine 

protein to compensate but the archaeological record from these islands indicates that this is 

not the case and that there must be other factors influencing the decisions people made in 

prehistory. 
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3.4 Postulated causes for dietary change 

Allen has postulated reasons for the decline in fishing seen in the archaeological 

record, and using those in conjunction with the theoretical framework of evolutionary 

ecology discussed in the preceding chapter allows us to identify what environmental and 

cultural factors to be aware of, and to make predictions about what types of change we 

might see in the isotope results. 

3.4.1 Changing dietary emphases 

There is no evidence for a decline in numbers of other dietary sources on Aitutaki, 

for example pig or dog, which might suggest that a declining human population was 

consuming less resources.  Instead, Allen (Allen 1992:439-40; 2002:208-9) links the 

decline in fish consumption to an increasing emphasis on terrestrial plant crops and 

domestic animals in a context of increasing population growth and pressure on finite land 

resources.  Crops (carbohydrates) assume this importance as they were likely contributing 

the majority of caloric intake based on what we know of traditional Polynesian diets 

(Pollock 1992), and were, therefore, the limiting factor in population growth.  If the 

subsistence system was coming under increased pressure from a growing population then 

the inhabitants may well have turned from a food source that was less certain.  Offshore 

fishing in particular requires time and expensive technologies (canoes, fishhooks made of 

increasingly rare pearlshell or inefficient turban shell), and places the fishermen in a far 

riskier environment in terms of their personal safety; whereas inshore fishing, using easily 

constructed nets and weirs “provided high, relatively certain, return rates for relatively low 

costs” (Allen 1992:440).  In addition, fishing itself might be considered more risky 

compared to the more predictable returns that might be expected from terrestrial crops and 

animals, although in terms of the crops at least, they provided a lower quality food.   
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Marine resource depression may also be a contributing factor in the decline of 

fishing at Ureia, with evidence for pressure on the inshore fish populations in the form of a 

decrease in body size along with indications that the people might have had to travel 

further to obtain the fish they did eat (Allen 2002:208).  This resource depression is not 

seen at Moturakau however, which shows an increase in the size of inshore fish.  The 

changes seen in the fish assemblage at that site may be due to a changing focus on habitat 

due to the decline in use of pearlshell fishhooks.  Other factors that might result in changes 

to the diet could include environmental disturbance and a more unpredictable climate due 

to large-scale changes in weather. 

3.4.2 Predictions 

As discussed in Section 2.1, the perception of risk can fundamentally alter the ways 

in which a society obtains its food.  In a stable environment where the risks are known and 

predictable, it may be possible to focus on a limited number of highly productive food 

sources and thus maximise the growth potential of the group (Leonard 1989:498).  

However, in less certain environments, groups often utilize a wider range of often less 

productive resources, which functions to spread the risk of any one resource failing 

(Colson 1979:23). 

If Allen (2002) is right in postulating a shift in diet due to pressures on the 

production system (for whatever reason), general theory (Colson 1979:20; Halstead and 

O'Shea 1989:3; Kennett and Kennett 2000:389; Leonard 1989) predicts a response that 

includes increased social networks which serve to increase a groups’ access to resources 

across a larger area, a more generalised diet so that they are not reliant on a few vulnerable 

sources, increased storage facilities and other technological developments such as fishing 

methods or irrigation, as well as the potential for increased violence as people seek to 

enlarge their territory or obtain resources from other groups.  The isotopic results will only 
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shed light on the second response.  However, those changes, tied in with the 

archaeological, ethnographic and palaeoclimatic evidence should indicate if indeed the 

population was reacting to increasing pressures on their environment and changing their 

diet in response. 

3.5 Summary 

Although this thesis deals with a very specific, localised topic—the change in diet in 

prehistoric Aitutaki—it should now be clear that it ties directly into wider issues on a 

multiplicity of levels: southern Cook Islands, the whole of the Cook Islands, and East 

Polynesia.  For example, the apparent decline in fishing seen at the site of Moturakau may 

relate to changes in fishhook technology, which may relate to the availability of pearlshell.  

If that pearlshell was exclusively local then its disappearance may be due to habitat 

destruction as a result of silting of the lagoon from increased agricultural production on 

land.  If the pearlshell was even partly sourced from the Northern Atolls then its decline on 

Aitutaki is tied in with the reduction in voyaging later in the prehistoric sequence of the 

southern Cooks, which is, in turn, tied into what appears to be a decline and cessation of 

long-distance voyaging in East Polynesia as a whole at that time.  This may be linked to 

larger climatic changes in the Pacific. 

The concept of Polynesian islands as isolated ‘laboratories’ has largely gone by the 

wayside now, replaced with the more dynamic spheres of interaction, where not only raw 

material was exchanged, but ideas as well.  While Aitutaki’s subsistence systems are 

unique in that they are adapted to a particular island with its own particular environment, 

the factors that have influenced the development of that system will have come from a 

variety of sources, some indigenous, some from outside.  In turn, Aitutaki will have 

contributed to the development of other islands’ cultures.  The changes being examined in 
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this thesis did not happen in isolation, nor can they be studied in isolation, they are part of 

a larger whole. 
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CHAPTER 4:  

METHODS OF DIETARY ANALYSIS 

The study of diet has become an increasingly sophisticated and important way of 

looking at populations in the past.  It enables archaeologists to deal with topics larger than 

just what people sat down to eat every night; topics as broad as prehistoric economic 

systems, human adaptation to the environment, and social organisation can be considered. 

Schoeninger and Moore (1992:249) discuss what they believe are the three basic 

problems that dietary reconstruction can help with.  The first of these is how change in 

climate and environment affects societies; by examining changes in diet it is possible to 

see how cultures adapt to a new environment both in actual diet and in technology.  The 

second problem is that of the development and diffusion of new technologies, as for 

example in the shift from the hunter gatherer mode of the Mesolithic to the agricultural 

technologies of the Neolithic.  Third is the emergence of stratified societies.  This is 

expressed in diet, for example, by restrictions in food to particular sexes, occupations, 

status or descent groups.  Such restrictions may result in unequal health or reproductive 

success for various segments of the society, and of course, the individuals contained 

within. 

Dietary analysis can be broken down into two broad categories, indirect and direct.  

Indirect methods tend to focus on the community or population, and include studying floral 

and faunal remains such as those found in middens, landscape modifications such as 

irrigated terraces, and artefacts that may have been used in food harvesting or preparation.  

Also included in this category are historic and ethnographic information on diet.  Direct 

methods are those that focus on the individual and deal first hand with human or animal 

remains; this includes non-destructive skeletal analysis, analysis of coprolites, and tissue 
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chemistry.  Stable isotope analysis falls within this last category, along with trace element 

analysis. 

4.1 Stable Isotopes 

Isotopes provide information on both individuals and populations.  They give an 

average view of what a person ate during their lifetime, or part of their lifetime, depending 

on what collagen turnover rates are used.  From individual diet, the diet of the group can 

also be examined, although it is important to keep in mind that not everyone in a society 

eats the same foods; for instance there may be differences in diet composition due to sex, 

age, social class or personal taste. 

Most elements occur naturally in more than one form, known as isotopes.  Isotopes 

have the same number of electrons and protons, but differ in the number of neutrons in 

their nuclei.  For example carbon exists as C12, C13 and C14, and nitrogen as N14 and N15.  

All isotopes react chemically in the same way, as this is largely governed by electron 

configuration.  However, the difference in the number of neutrons in each isotope means 

that they have different masses.  Isotopes with more neutrons are referred to as “heavy” 

and have a slower reaction time than “lighter” isotopes.  This difference in reaction time 

between isotopes can result in a product of a reaction that has different isotope ratios than 

did the initial components of the reaction.  This is known as isotopic fractionation. 

The degree of fractionation that occurs in nitrogen and carbon is very small.  For 

example, atmospheric carbon has a 13C/12C  ratio of 0.011146, and the carbon fixed by a 

maize plant has a 13C/12C ratio of 0.011101 (DeNiro 1987).  In order to make such small 

differences easier to understand, the ratio of the isotopes is compared to a universal 

standard and expressed in parts per thousand (‰) using the following equation (Ambrose 

1993:65; Chisholm 1989:12; DeNiro 1987:182) 
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δ (‰) =
R sample

R standard

− 1
⎛ 

⎝ 
⎜ ⎞ 

⎠ 
⎟ x1000  

The universal standard for carbon, for example, is the carbonate in a piece of shell of 

Belemnitella americana, a fossil from the PeeDee Formation in South Carolina.  This is 

known as the PDB standard.  It was chosen as it has a higher 13C/12C ratio than almost all 

other natural carbon.  The standard is assigned the value of 0, therefore most δ13C values 

are negative (Ambrose 1993:65; Chisholm 1989:12; DeNiro 1987:182; van der Merwe 

1982:596).  On the other hand δ15N values are expressed relative to the AIR (atmospheric 

N2) standard, and are generally positive (Ambrose 1993:65; DeNiro 1987:182).  

In this study, stable carbon and nitrogen isotopes will be used for the dietary 

analysis.  δ13C values are useful for differentiating between marine and terrestrial sources 

of protein as marine environments are often enriched in 13C relative to terrestrial 

environments.  They are also able to distinguish between the common photosynthetic 

pathways in plants known as C3, C4, and CAM (Ambrose 1993:86)  δ15N values also have 

the potential to differentiate between terrestrial and marine proteins, but because of 15N 

depletion in some marine environments, the differences are often not clear.  However, 

because δ15N values increase as they progress up the food chain, 15N is well suited to 

determining the importance of protein with differing δ15N values in an individual’s diet 

(DeNiro and Epstein 1978, 1981), as well as investigating trophic levels within a foodweb 

(Minagawa and Wada 1984).  These strengths mean that carbon and nitrogen isotopes are 

suited to answering particular types of questions in archaeology. 

δ13C values have been particularly useful in looking at the importance of marine 

versus terrestrial foods in a population’s diet, and this is pertinent to this thesis.  The 

average marine δ13C value is –19‰, whereas –27‰ is the average terrestrial C3 δ13C 

value.  This difference allows researchers to examine diverse questions from a number of 
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different areas and times.  For example, the shift from hunting and gathering in the 

Mesolithic to agriculture in the Neolithic has been examined in Denmark (Clutton-Brock 

and Noe-Nygaard 1990; Noe-Nygaard 1988; Richards and Hedges 1999; Tauber 1981), 

Sweden (Lidén 1995), England (Clutton-Brock and Noe-Nygaard 1990; Day 1996; 

Schulting and Richards 2002), the Ukraine (Lillie and Richards 2000), and Portugal 

(Lubell et al. 1994).  δ13C has also been used to examine similar shifts on the West Coast 

of North America (Cannon et al. 1999; Lovell et al. 1986), dietary change in Japan 

(Chisholm et al. 1992; Minagawa and Akazawa 1992) and diet in the Pacific (Leach et al. 

1996; Leach et al. 2001; McGovern-Wilson and Quinn 1996). 

Generally, nitrogen isotopes are used in two different ways: to differentiate between 

marine and terrestrial dietary sources, and to determine the trophic levels.  As discussed 

below, marine δ15N values are enriched 4‰, on average, compared to terrestrial C3 values, 

although this enrichment can range up to 20‰ (Schwarcz and Schoeninger 1991).  As this 

difference is passed up the food chain, in many areas it is possible to examine the relative 

proportions of marine and terrestrial protein in the diet.  However, there are a number of 

factors that can mask this difference, including water and protein stresses (Heaton 1999; 

Katzenberg and Lovell 1999; Sealy et al. 1987), altitude of the study area (Heaton 1999), 

and the contribution of nitrogen to the ecosystem by tropical seagrasses and coral reefs 

(Ambrose 1993; Keegan and DeNiro 1988; Pate 1994:182).  These factors are discussed in 

more detail below. 

Determining the trophic level of an individual can be useful for a number of reasons.  

Firstly, it allows a researcher to characterise the types of protein in their diet.  It can also 

give an idea of the source of this protein, such as marine versus terrestrial and whether the 

consumer could be characterised as more herbivorous or carnivorous.  This can be 
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important when questions about seasonal mobility, subsistence technologies, resource 

utilisation, and change in diet through time, for example, are of interest. 

Secondly, δ15N values can give an insight into the life-history of an individual and a 

population as a whole.  For example, the research into weaning practices in various 

cultures has contributed towards a better understanding of infant mortality in several 

communities, both prehistoric and historic (Herring et al. 1998; Katzenberg and Pfeiffer 

1995; Katzenberg et al. 1993; Reed 1994:), as well as in non-human populations (Fizet et 

al. 1995).  It has been noted by a number of researchers that as a result of breastfeeding, an 

infant’s δ15N values, while the same as the mother’s at birth, increase by about 2-3‰ 

(essentially a trophic level) at about the age of 3 months (Fogel et al. 1997; Herring et al. 

1998:434; Larsen 1997:284). The δ15N values stay elevated until the introduction of 

supplemental food, at which time they begin to decrease, eventually reaching similar 

values to the mother at some point after nursing stops completely (Katzenberg 2000:318-

19; Larsen 1997:284-5).  Essentially the child is feeding on the mother’s body tissue 

(breast milk) and this results in enriched 15N values.  It seems there is a lag between when 

the child begins and ceases breastfeeding and when the nitrogen isotopes in collagen 

reflect this.  Variation as a result of the turnover of bone collagen is discussed further 

below. 

Using more than one isotope in a study provides a broader picture of a population’s 

diet as one isotope makes up for deficiencies in another.  For example, if only carbon 

isotopes were used it would be possible to differentiate between marine and terrestrial 

sources of protein, but it would not be possible to determine what types of protein were 

being consumed.  In the case of Aitutaki it would not be possible to say whether the marine 

protein was from inshore or off-shore fish, pigs or dogs.  Nitrogen isotopes alone would 

give a picture of the trophic levels of the dietary sources, whether they were eating meat or 
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plants, but whether it was marine or terrestrially based protein would be difficult to discern 

in many cases. 

4.2 Carbon 

The carbon source for all terrestrial plants is atmospheric CO2 (Schoeninger 

1995:84).  Atmospheric CO2 is metabolised by plants during photosynthesis, and is 

fractionated during this process (Chisholm 1989:12; van der Merwe 1982:596). 

4.2.1 Carbon in Terrestrial Food webs 

Three different types of photosynthesis occur in plants, and on the basis of this, plants are 

divided into three groups, known as C3, C4, and CAM.  The first type of photosynthesis to 

be discovered was the C3 pathway, so-called because these plants produce a 

phosphoglycerate compound with three carbon atoms as an intermediate product.  This is 

also known as the Calvin-Benson pathway.  δ13C values for these plants range between -33 

and -22 ‰, with an average of -27 ‰.  Wheat, rice, forest, montane and wetland grasses, 

all root crops, legumes, vegetables, trees and shrubs, nuts and most fruits are C3  The C4 

(or Hatch-Slack) group of plants produce the four carbon compound dicarboxylic acid.  C4 

plants include sorghum, millet, maize, sugar cane, some amaranths, chenopods, setaria 

millets and tropical pasture grasses.  δ13C values for C4 plants range between -16 and -9 ‰, 

with an average of -12.5‰.  CAM (Crassulean Acid Metabolism) plants use phosphoenal 

pyruvate carboxylase to fix CO2 when they grow in arid environments, but can also use 

ribulose biphosphate carboxylase.  Thus, their δ13C  values can resemble either C3 or C4 

plants depending on their environment.  Cacti, euphorbias, agaves and bromeliads 

(pineapples) all utilise this pathway (Ambrose 1993:86; Ambrose and Norr 1993:3; DeNiro 

1987:183). (Ambrose 1993:86; Ambrose and Norr 1993:2; Chisholm 1989; DeNiro and 
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Epstein 1978, 1981; O'Leary 1981; Smith 1972; Smith and Epstein 1970, 1971; van der 

Merwe 1982:596-7). 

Generally, C4 plants are most successful in hot, dry climates with high levels of 

sunshine.  In environments that are shaded, have winter rainfall, or are at a high latitude or 

elevation, C3 plants are dominant.  “There are thus clines in the distribution of C3 and C4 

plants between tropical and temperate regions, mid-latitude summer and winter rainfall 

zones, and low and high altitudes on tropical and subtropical mountains” (Livingstone and 

Clayton 1980; Tieszen et al. 1979). 

There are a number of factors that affect the fractionation of CO2 in plants other than 

their photosynthetic pathway.  They include water availability, light intensity, temperature 

and nutrient availability.  For example, plants exposed to water stresses have higher δ13C 

values than those with ready access to water (Farquhar et al. 1988; Heaton 1999:638).  

Another example is the ‘canopy effect’ that, due to a combination of some of the above 

factors, results in lower δ13C values for animals feeding on the forest floor compared to 

those feeding higher in the canopy.  This difference can range from 3-4‰ (van der Merwe 

and Medina 1991).  δ13C values can also depend on which part of a plant, leaves, stem, 

seeds etc. is measured.  Differences of 1-2‰ have been recorded (O'Leary 1981; Tieszen 

1991).  Seasonality also plays a part in δ13C differences in plants, with variations of ±1‰ 

in plants depending on the time of year they are harvested (Heaton 1999:640; Leavitt and 

Long 1986).  Other factors to consider are differences between species and forms and, 

importantly, regional changes.  Differences in moisture, drainage, soil type and 

topographic factors can produce differences in δ13C of up to 1.5‰.  Altitude also has an 

effect, with plant δ13C values increasing with altitude, up to +1.5‰ per 1000 meters 

(Heaton 1999:642-3). 
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4.2.2 Carbon in Marine Food webs 

The ultimate source of carbon in marine food webs is dissolved bicarbonates (HCO3) 

which have a δ13C value of approximately 0‰.  Most marine plants use the C3 pathway, 

and have δ13C values averaging –19‰ (Smith 1972; Smith and Epstein 1971).  However, 

marine values vary widely, for example in the Torres Strait they range from –8.8‰ for 

benthic seagrasses to –21.8‰ for plankton (Fry et al. 1983).  In general, algae, seaweeds 

and phytoplankton δ13C values range from about -26‰ to -11‰ (Ambrose 1993:87).  It 

has also been shown that due to the actions of reef-building organisms, coral reef 

environments often have enriched δ13C values (Keegan and DeNiro 1988). 

4.2.3 Carbon in Collagen 

The δ13C values of plants are passed on to the animals that feed on them, either 

directly or indirectly.  Thus, an animal that primarily feeds on C3 plants will have values 

reflecting the δ13C ratio, as will any carnivores that feed upon them.  Conversely, a C4 

feeder will reflect the δ13C ratio of that type of plant.  As discussed above, marine 

foodwebs tend to be intermediate between C3 and C4, and this is reflected in marine animal 

δ13C values as well. 

There appears to be a slight enrichment from diet to consumer of approximately 

1.0‰.  For example, if a plant has a δ13C value of -21.5‰, then a herbivore grazing on that 

plant will have an average value of -20.5‰ (Ambrose and Norr 1993:4; Chisholm 

1989:13; DeNiro and Epstein 1978; van der Merwe 1982:599).  Fractionation of carbon 

does occur within the body of the consumer, with various tissues having different δ13C 

values.  For collagen, fractionation values ranging from +1.4‰ to +5.3‰ have been 

recorded, both from animals fed a controlled diet and from those eating a natural diet.  

Generally, the values from controlled feeding experiments are lower than for those animals 
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in the wild.  For pigs on a controlled diet a collagen fractionation value of +1.4 to +3.0‰ 

was recorded (Hare et al. 1991). 

Bocherens and Drucker (2003) emphasise using a range of values when looking at 

enrichment and find that the range 0-2‰ for carbon encompasses most published values.  

Other researchers use higher enrichment values, Keegan and DeNiro (1988) suggest that 

for humans the difference between diet and collagen is +5±1‰, and this is the value most 

commonly used by researchers.  Other research tends to confirm this as a general average, 

for example Ambrose and Norr (1993:101) state that large free ranging animals and 

humans on natural diets have fractionation values from +4.7 to +6.6‰; van der Merwe 

(1982) gives fractionation values of +5.3‰ for bone collagen, +3‰ for flesh and -3‰ for 

fat; and van der Merwe and Vogel (1978) use a fractionation value of +5.1‰ for human 

bone collagen.  Large mammals invariably have more enriched δ13C value than small 

animals, irregardless of diet.  This is likely due to metabolism or digestive systems 

(Ambrose 1993:101; van der Merwe 1982:601). 

4.3 Nitrogen 

The main source of nitrogen for the terrestrial environment is atmospheric nitrogen, 

in the form of N2.  In freshwater and marine environments, nitrogen is usually found as 

NO 3, NO 2 and NH 4 , and these same compounds are also found in soils (Létolle 

1980:410). 

4.3.1 Nitrogen in the terrestrial foodweb 

As with carbon, it is possible to use nitrogen to divide plants into groups.  This 

division is based not on a photosynthetic pathway, but on how a plant takes up nitrogen.  

Legumes are able to fix atmospheric N2 through the bacterial nodules on their roots.  They 

tend to have δ15N values close to atmospheric N2 (0.0‰).  Those plants that obtain their 
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nitrogen from inorganic sources in the soil tend to have higher δ15N values (Ambrose and 

DeNiro 1986:396).  The main source of nitrogen for plants in natural soils is decaying 

plant material (via bacterial action) (Létolle 1980:417).  The anthropogenic alteration of 

soils for gardening or larger-scale agriculture appears to encourage this bacterial action, 

and as a result cultivated soils tend to be more enriched in δ15N than virgin soils (Létolle 

1980:418).  Generally, cool moist forest soils have lower δ15N values than hotter, drier 

soils, or those soils that have significant animal inputs (i.e. urea or ammonia) (Ambrose 

1991:296; 1993:95). 

Because of the modern widespread use of artificial fertilisers which contain nitrate 

and ammonium (with δ15N values around 0‰) modern non-leguminous plants have lower 

δ15N values than their prehistoric counterparts.  It is suggested that this shift is in the order 

of -3‰  and that the prehistoric mean δ15N value for non-legumes was about +9‰ (DeNiro 

and Hastorf 1985:99; Létolle 1980:420).  The δ15N values of legumes have remained 

constant over time, averaging about 1‰ (DeNiro 1987).  

4.3.2 Nitrogen in the marine foodweb 

Marine δ15N values are generally about 4‰ higher than terrestrial non-leguminous 

δ15N values.  However, N-fixing blue-green algae can have similar δ15N values to 

terrestrial plants and if they contribute large amounts of nitrogen to the foodweb then 

marine and terrestrial values may be difficult to differentiate.  Keegan and DeNiro (1988) 

and Schoeninger et al. (1983) have shown that animals living around coral reefs in the 

Bahamas show lower than expected δ15N values due to the larger amount of nitrogen 

fixation in coral reefs than occurs in other areas of the ocean.  The result was fish with 

δ15N values as low as terrestrial mammals. 
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4.3.3 Nitrogen in collagen 

As with carbon, δ15N values of bone collagen increase in each successive trophic 

level.  There is some debate as to the exact amount, but generally a range between +1.3 

and +5.3‰ (average +3.4±1.1‰) is accepted (DeNiro and Epstein 1981; Minagawa and 

Wada 1984; Schoeninger and DeNiro 1984), and Bocherens and Drucker (2003) give a 

range of 3-5‰.  Schoeninger and DeNiro (1984:625) found that terrestrial herbivores have 

an average δ15N bone collagen value of +5.3‰  and terrestrial carnivores an average of 

+8.0‰.  Invertebrate feeding marine animals have an average δ15N value  of +13.3‰  

whereas those feeding on fish have an average of +16.5‰.   

The δ15N values in bone collagen can also be affected by climate.  It has been found 

that animals living in hot dry areas have enriched δ15N collagen values, sometimes in the 

order of +10 ‰.  This is thought to be due to water conserving metabolic processes within 

the animals (Ambrose and DeNiro 1986, 1986; Schwarcz et al. 1999; Sealy et al. 1987). 

It is important to understand these sources of local variation, and if similar processes 

were operating in prehistory, to obtain as many dietary samples as possible from the area 

under study in order to ensure that they are reflected in the dietary reconstruction.  Using 

world-wide averages will not allow these sources of variation to be incorporated. 

4.4 World-wide averages  

There are many summaries of general world-wide isotope averages available in the 

published literature, indicating the isotopic ranges that various plants and animals 

generally exhibit (Figure 4.1).  While they are useful for gaining a general impression of 

what results one might expect from a specific region they do not offer an adequate 

background against which to analyse those samples. Not only are they very broad 

categories, but one has no control over how the analyses were conducted, or what types of 

samples were used.   
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Further, the averages do not take into account local geology, or climatic effects that may 

cause dietary sources to differ from world-wide averages.  To avoid a situation where 

entirely inappropriate animals, such as squirrels or cows, have to be used to reconstruct 

Polynesian diets simply because there is a lack of published local values, samples of foods 

possibly consumed in prehistory were collected from Aitutaki.  This will provide the most 

accurate dietary background possible against which to compare the archaeological isotope 

results.The world-wide averages for δ13C and δ15N provide a comparison with the values 

from Aitutaki, allowing us to see where the local values conform to what might be 

expected, and where they deviate.   

Although it is not explicitly stated (e.g.DeNiro 1987), it is likely that the averages for 

fish and mammals in Figure 4.1 are based on flesh values. 

In Figure 4.1 the C3 plants are presented as two separate categories based on their 

δ15N values, reflecting whether they are able to fix their own nitrogen.  The C3 plants as a 

whole are more depleted in δ13C than the C4/CAM plants which sit between the terrestrial 

carnivores and the reef fish.  The terrestrial herbivores and carnivores overlap to a large 

extent, with the carnivores more enriched in 15N, reflecting their higher trophic levels.  

Primary (1’) marine carnivores are more enriched in δ13C and δ15N than their terrestrial 

counterparts, and the secondary (2’) carnivores (carnivores feeding on carnivores) are even 

more enriched in δ15N, generally giving them the highest δ15N values of any animal. 

4.5 Causes of Variation in Stable Isotope Values 

Although a sample may return an apparently viable result, there are a number of 

factors that may influence the isotopic δ values.  I will briefly discuss the major factors, 

specifically those that may reasonably be expected to influence the results from Aitutaki.  
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How they have been dealt with, or anticipated, in my analysis of the Aitutaki samples is 

dealt with in Chapter 5. 

4.5.1 Metabolism 

Different tissues in the body have been found to have different isotope values.  

Generally tissues that contain large amounts of lipids, for example muscle, liver and 

kidney, tend to have more depleted δ13C values than tissues with few lipids such as bone 

collagen, hair and skin (Schoeninger and Moore 1992:278).  Keegan and DeNiro 

(1988:329) found that δ13C values for flesh are 3.7‰ less than bone collagen δ13C values.  

The difference in δ15N values between collagen and flesh is less clear, with some 

researchers suggesting that the tissues differ by only 1‰ (Schoeninger and Moore 

1992:278), while others such as Keegan and DeNiro (1988:329) found flesh to be 1.7 ± 

0.7‰ more positive than bone collagen.  

Feeding experiments on a variety of animals (Ambrose and Norr 1993; Greenlee 

2002; Tieszen and Fagre 1993) indicate that while collagen incorporates some carbon from 

non-protein sources, in general in diets where there is sufficient animal protein the 

majority of carbon comes from this source, leaving lipids and carbohydrates under-

represented (Ambrose and Norr 1993; Schoeninger and Moore 1992; Tieszen and Fagre 

1993).  For example some δ13C values for coastal dwellers are highly enriched, and once 

potential C4 or marine plant input has been ruled out, this would tend to lead to a 

conclusion that all of the protein ingested was marine in origin.  However, this would be 

unlikely given related potential nutritional deficiencies.  An alternative hypothesis, based 

on the idea that the carbon from lipids and carbohydrates is not taken up by collagen, is 

that all of the carbon that was incorporated by the collagen came from marine foods.  

Situations like this where the isotopic signal is unrepresentative of the entire diet would 

likely only occur “where an excess of protein is available and where sufficient calories are 
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available” (Schoeninger and Moore 1992:278).  This bias toward carbon from protein also 

affects the ability of archaeologists to trace the incorporation of certain plant foods in the 

diet, for example the introduction of the C4 plant maize into North America (Ambrose et 

al. 2003).  In Polynesia sugar cane might be equally underrepresented.  Conversely, while 

it is clear from prior studies that non-protein sources can contribute carbon to collagen, 

carbohydrates and lipids only contribute significant amounts of carbon to the δ13C 

signature when the individual has a protein poor diet (Ambrose 1993:105; Ambrose and 

Norr 1993:8).  Protein-poor diets also cause the body to synthesise some amino-acids 

itself, which may have different δ13C compositions to the dietary amino acids also being 

incorporated (Jim et al. 2006).  In diets with high amounts of protein at least 50% of the 

dietary proteins will be directly incorporated by the collagen with no changes (Jim et al. 

2006). 

As Greenlee (2002:124) notes, there is variation in the way different species digest 

and process nutrients, resulting in different isotopic relationships between diet and tissues.  

This raises the question of how applicable the results of feeding experiments in rodents are 

to investigations of the same processes in humans, and in this case pigs and dogs.  For 

example, in herbivores, some protein and carbohydrates are digested in the small intestine, 

but the majority of the processing takes place in the large intestine where carbohydrates are 

converted to volatile fatty acids and proteins are degraded to nonprotein nitrogen products; 

in contrast, carnivores process the bulk of protein, fats and carbohydrates in the small 

intestine, converting them to amino acids, fatty acids, and sugars respectively.  The 

digestive systems of rodents differ from humans in size, function and protein 

metabolisation (Greenlee 2002:124).  Feeding experiments with pigs hold a lot more 

promise for producing results that are applicable to humans.  Not only are pigs large 

omnivores, as are humans, but they have similar nutritional requirements and their 
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intestines are physiologically and anatomically similar to those of humans (Greenlee 

2002:125).  Greenlee conducted feeding experiments with pigs and found that the collagen 

had a close relationship to the whole diet, but that the collagen best reflected the protein 

component of the diet (Greenlee 2002:126,129).  However, she concluded that overall, as 

long as the diet was nutritionally adequate, “the collagen appears to reflect the isotopic 

composition of the whole diet quite well.” (Greenlee 2002:129) in contrast to diets where 

there was low amounts of protein and the body is itself synthesising amino acids (Jim et al. 

2006). 

Another factor to take into account is that the more metabolically active a tissue is, 

the faster its turn-over rate is.  Thus, small species have a faster turnover rate than larger 

species, younger animals have a higher turnover than older animals, and more active 

tissues have a higher turn-over rate than less active tissues (Klepinger 1984).  Although 

there may be differences in turn-over rates between tissues, there appears to be little 

difference in the turn-over rate within a tissue, even between individuals (DeNiro and 

Schoeninger 1983; Schwarcz 1991).  Generally it appears that when considering a 

particular tissue, any isotopic variation detected between individuals is reflecting genuine 

differences in diet rather than differences in metabolism (Greenlee 2002:149). 

4.5.2 Collagen 

I will be analysing bone collagen in this study.  Bone consists of inorganic calcium 

phosphates precipitated in an organic collagen matrix (Pate 1994:162).  Whole cortical 

bone is approximately 69% inorganic, 22% organic and 9% water (Pate 1994:162).  The 

protein collagen comprises approximately 90% of the organic portion of the whole cortical 

bone. (Pate 1994:163).  In ideal conditions (cool and stable) collagen preserves very well, 

up to 80-100,000 years after burial, and its isotopic composition remains intact (Ambrose 

1993:72).  However, in exposed, dry or hot sites, preservation is not as good.   
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In general, the isotopic values of bone collagen will be the same throughout a 

population eating a similar diet.  A group of mink raised on the same diet showed variation 

of only 0.2‰, and 0.3‰ in their δ13C and δ15N values respectively (DeNiro and 

Schoeninger 1983).  It has also been demonstrated that there is no significant difference in 

carbon isotope values linked to differences in sex or age (Chisholm 1989; Lovell et al. 

1986). 

However, the differential growth and replacement of bone throughout the body may 

result in variations in isotope values of bone collagen.  At this stage, the rate of collagen 

turn-over in human bone is not known precisely (Ambrose 1993:110; Herring et al. 

1998:435), and estimates have ranged widely, from two to 10 to 30 years (Chisholm 

1989:20).  More recent work (Hedges et al. 2007; Ubelaker et al. 2006; Wild et al. 2000) 

suggests that there is considerable variation in yearly collagen turn-over ranges depending 

on the age and sex of an individual in question, ranging from 30% per year for male 

adolescents (prior to age 19) to as low as 1.5% per year for adult males in their 80s.  

However the actual residence of collagen in the bone is much longer.  Ubelaker et al. 

(2006:486) examined collagen from two women in their 70s and found that on average the 

values reflected their diet some 40 years ago, although there had been some new collagen 

synthesised subsequently.  Hedges et al. (2007) found that at 50 years of age an 

individual’s collagen may contain up to 40% collagen synthesised before they were 25 

years of age.  They conclude “…human femoral bone collagen isotopically reflects an 

individual’s diet over a much longer period of time than 10 years, including a substantial 

portion of collagen synthesized during adolescence”  

As a result of this long residence of collagen in adults, any changes in diet will not be 

reflected immediately, and indeed isotope values of collagen can be seen as an average of 

diet the individual has consumed over several years with an emphasis on their diet in late 
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adolesence and early adulthood.  Chisholm (1989:21) points out that this averaging of the 

diet means that the variation within a population eating a similar diet will be less than the 

variation within the diet consumed.   

This reduction in variation will tend to mask small changes in diet over time.  Clearly 

this is of concern in this study, but in bone is not a factor that can be controlled for.  Teeth, 

however, do not experience the same residence of collagen as bone does, instead they 

preserve the isotopic value of the diet being consumed at the time that tooth was formed, 

what might be considered a snapshot of the diet at a particular point in an individual’s life.  

Much work has been done on detecting weaning by looking at changes in isotopic values 

between teeth that have formed at different times (Bentley et al. 2005; Dupras and Tocheri 

2007; Turner et al. 2007; Zazzo et al. 2006).  This ability to track dietary changes within 

an individual’s lifetime is useful for two reasons: firstly, by using teeth that formed after 

weaning, it is possible to confirm isotopic values obtained from bone from the same 

individual; and secondly, differences in isotopic values between teeth reflect age-linked 

variations in the diet of that individual, allowing some insight into which foods were 

considered appropriate for individuals to eat at particular life stages.   

In order to recognise the effects of weaning on bone and teeth; as well as to take 

advantage of the snapshot effect in teeth, it is important to know three things: when the 

individual was introduced to solid food, that is, when its δ15N values would begin to take 

on adult levels; when it was fully weaned; and when its teeth began/finished forming.  

4.5.3 Isotopic variation in dietary sources 

When considering isotopic results it is important to understand what environmental 

effects may be influencing the values.  If these effects are not taken in to consideration 

when developing dietary models, the results may be unrepresentative of the true diet of the 

individual or population. 
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Breastfeeding and Weaning 

Before weaning, breast milk is an infant’s only food source, and as the milk has the 

same δ15N value as the mother, the infant is effectively feeding at a trophic level higher 

than the mother (Fogel et al. 1997; Herring et al. 1998; Katzenberg and Pfeiffer 1995; 

Katzenberg et al. 1993).  Newborns would be expected to have δ15N values similar to 

adults in the population; breastfed infants are approximately 2-4‰ higher than the general 

adult population (Katzenberg and Pfeiffer 1995:222); while infants who have been weaned 

reflect the increased importance of solid foods in their diet through gradually declining 

δ15N values as their bones slowly remodel.  This will affect samples that come from 

individuals young enough to be still showing enriched δ15N values, as well as in adult teeth 

that were formed while the individual was breastfeeding.  A thorough understanding of the 

age of the individual from which the bone samples come from, as well as the timing of 

tooth formation, is necessary to avoid incorporating non-representative isotopic values into 

the study. 

Table 4.1 Pig and dog weaning ages  (4Care n.d.; 2Pettigrew 1998; 8Rolett 
and Chiu 1994; 5Sabatelli n.d.; 3University of California n.d.; 1University 
of Vermont n.d.; 6Weaning.Com n.d.; 7Web n.d.) 

 Weaning Age (weeks) Solid food introduced 
(weeks) 

Breeding Age 
(months) 

Life span 

   M F  

small – 86 25 6-85 6-95 16-18 yrs5 

large – 46   12-143  

82     

Pig 

3 – 65     

6 - 86 3-41,4,7,8 8-125 12+5 12 yrs5 
8 – 91,4,7,8     

Dog 

3 - 85     
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The available data on weaning for pigs and dogs are presented in Table 4.1.  The 

values presented for humans are based on data given in studies on particular populations 

that have been studied in this light.  Because age at which weaning, introduction of solid 

food, and breeding can potentially take place vary widely from one human population to 

another, it is not possible to generalise in the same way as we can for pigs and dogs, 

making it very difficult to judge when children would begin to take on adult isotope 

values.  Most studies looking at weaning have used modern European populations, and 

thus the data is unlikely to be directly comparable to prehistoric weaning practices on 

Aitutaki.  There is some suggestion that weaning began quite early in many Polynesian 

societies: 

Among many peoples, infants were started on other kinds of food (e.g., 

coconut cream, soft puddings, premasticated tubers etc.) shortly after 

birth—partly to encourage weaning and partly (in some societies) to fatten 

them (Oliver 2002:165). 

Weaning was usually deliberate, and in timing ranged from gradual to abrupt.  Beaglehole 

(1957:183) states that on Aitutaki in the late 1940s children were breastfed for as long as 

they were inclined, often past a year.  Solids were introduced around 6 months or slightly 

earlier if the child was inclined, and included kumara or fish cooked with coconut cream. 

Several studies have looked at weaning in human and animal archaeological samples 

(Bentley et al. 2005; Dupras and Tocheri 2007; Fuller, Molleson et al. 2006; Herring et al. 

1998; Katzenberg and Pfeiffer 1995; Katzenberg et al. 1993; Saunders et al. 1995; Turner 

et al. 2007; Zazzo et al. 2006).  In Herring’s et al.’s (1998:434) study, the δ15N values of 

babies were the same as the mother before and immediately after birth, and then began to 

increase around three months.  In the St. Thomas group (Saunders et al. 1995), it appeared 

that weaning began with the introduction of solid food around five months, and finished 
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around 14 months of age.  The study was not able to determine when infant δ15N values 

decreased to an adult level, but others have shown that they decrease by 18-20 months of 

age (Fogel et al. 1997).  In a study of modern babies’ fingernails, it was shown that 

breastfed babies had enriched δ13C (~1‰) and δ15N (2-3‰) values (Fuller, Fuller et al. 

2006:280), which began to decline immediately after weaning process began.  The δ13C 

values declined more quickly than the δ15N values, suggesting that the δ13C values reflect 

the introduction of solid foods while the δ15N values reflect the length of time some breast 

milk is consumed (Fuller, Fuller et al. 2006:289).  The data from the St. Thomas study and 

from a weaning study done on the Prospect Hill cemetery in Ontario (Katzenberg and 

Pfeiffer 1995) suggest that childrens’ bone levels may reflect adult values by a year to 15 

months after completion of weaning.  Based on this and the timing of introduction of solids 

and weaning mentioned by Beaglehole (1957:183) it might be reasonable to expect that on 

Aitutaki the bone collagen would begin to show changes associated with the introduction 

of solid foods around 18 to 24 months, and weaning around two to two and a half years. 

As there is no ethnographic information that might give an idea of the age at which 

pigs were weaned on Aitutaki, data from European pigs has been used instead.  The 

information has been taken from both agricultural and laboratory guides, so the range in 

ages is fairly large (Pettigrew 1998; University of California n.d.; University of Vermont 

n.d.).  However, Pettigrew states that “There was a time a few decades ago when everyone 

agreed on the appropriate weaning age for pigs - about 8 weeks.” (Pettigrew 1998:1), and 

only recently has intensive pig production lowered that age, in some cases as low as two 

weeks (Pettigrew 1998:1).  Therefore, I consider it unlikely that in a traditional agricultural 

society like prehistoric Aitutaki, pigs would have been weaned younger than eight weeks.  

Laboratory animal guidelines (University of California n.d.) suggest that solid food can be 

introduced at around two weeks, but as the weaning ages from this source are on the low 



 117

side (three to six weeks), it may be that solid food is introduced earlier in this scenario than 

it might have been in the past on Aitutaki. 

Although previous studies that have looked at stable isotope values of dogs have 

considered the age of the individuals, none have taken into account the weaning factor 

(Burleigh and Brothwell 1978; Cannon et al. 1999; Clutton-Brock and Noe-Nygaard 1990; 

Katzenberg 1989; Noe-Nygaard 1988; Schulting and Richards 2002; van der Merwe et al. 

2000).  As with the pigs, the data on dog weaning comes from a variety of sources, mainly 

veterinarian and laboratory animal guides (Care n.d.; Sabatelli n.d.; University of 

California n.d.; University of Vermont n.d.; Weaning.Com n.d.; Web n.d.).  Generally they 

agree that weaning finishes around eight weeks, with solid food introduced from three to 

four weeks (Care n.d.; Sabatelli n.d.; Weaning.Com n.d.; Web n.d.).  As dogs are not a 

commercially bred animal in which early maturing is valued, it is likely that these ages, 

which are consistent across all sources, reflect the basic biology of dogs and would be 

fairly similar across all breeds. 

Teeth are unlike bone in that once the enamel has been formed, there is no turn-over 

and the isotope values remain fixed for the life of the individual  Therefore teeth that were 

formed in-utero, or after weaning, will have adult-like isotope values, while those formed 

when the individual was being nursed will have enriched δ15N values (Balasse et al. 1999; 

Wiedemann et al. 1999).  It is therefore important to have some understanding of the 

timing of tooth formation, both crown and root, of pigs, dogs and humans, in order to 

control for this effect. 

In pigs, as can be seen in Table 4.2, a number of permanent teeth begin to form 

before the weaning process is completed (Hillson 1986:207; McCance et al. 1961; Silver 

1969:299).  The tooth that appears most likely to show higher δ15N levels is M1 which 

begins crown formation just before birth and is completed shortly after weaning; followed  
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Table 4.2  Tooth formation and weaning in pigs (Hillson 1986:207; 
McCance et al. 1961; Silver 1969:299).   

  PM1 PM2 PM3 PM4 M1 M2 M3   
20        20    

19     19
18     18
17     17
16     16
15     15
14     14   

13     13   

12     12
11     11
10     10
9     9
8     8
7     7

start of crown 
formation 

6     6
5     5

completion of crown 

4     4

m
on

th
s 

3     3

m
on

th
s 

eruption 

2        2     
 

completion of roots 
1        1  

end of weaning 
 0     0 

   
introduction of solid 
food  

 
    

 
    

   
 

by PM1, which forms slightly later.  Other teeth that may show a slight elevation in δ15N 

values are PM3, PM4 and M2, which all begin crown formation towards the end of the 

weaning period.  PM1 and M3 both begin crown formation after weaning, are unlikely to 

be affected by raised δ15N values and are therefore the best candidates for showing fully 

adult stable isotope values.  It is also possible to use newborn or foetal bones, as the 

changes in isotope levels from breast milk would not be immediately reflected.  Rolett and 

Chiu’s (1994) work suggests that Marquesan pig second and third molars may have 

erupted earlier than the British pigs used in Grant’s (1982) work on aging pigs through 

tooth wear, and they place the timing of Polynesian pig tooth eruption in the mid-range of 

the variation shown in eruption times for British pigs (Hillson 1986; McCance et al. 1961). 
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There is less information on tooth formation in dogs, with only permanent tooth 

eruption times given (Table 4.3) and no information on when crowns begin forming.  It 

would be prudent to assume a possible time gap of up to a few months.  Given that it is 

possible that all adult teeth form during nursing, dog tooth values must be evaluated next 

to bone values in order to determine whether the δ15N values are enriched. 

 

Table 4.3 Permanent tooth formation and weaning in dogs (after Silver 
1969:299). 

9            9 
8            8 
7            7 
6            6 
5            5 
4            4 
3            3 
2            2 
1 1 
0            0 

M
on

th
s 

 I1 I2 I3 C P1 P2 P3 P4 M1 M2 M3  

 

 

 

For humans, despite uncertainty about the timing of the introduction of solid food 

and the end of weaning on Aitutaki (see weaning discussion above), it is clear from Table 

4.4 that the only permanent teeth that should show enriched δ15N values are the first and 

second incisors, canines, and the first molar.  The second and third molars begin formation 

well after weaning has ceased, and therefore should reflect the solid food being consumed 

at that time, not the breast milk.  While it is tempting to say that this solid food would be 

‘adult’ food, it is not possible to say for certain that children were eating the same foods as 

their elders.  In order to test for these changes in diet in an individual’s life,  

 eruption of perm. teeth 
 end of weaning  

 
 

introduction of solid food 
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Table 4.4 Tooth formation and weaning in humans (Hillson, 1986:189 and 
Ubelaker 1978, in Bass 1987:289-90). 

21                 21 
16                 16 
15                 15 
14                 14 
13                 13 
12                 12 
11                 11 
10                 10 
9                 9 
8                 8 
7                 7 
6                 6 
5                 5 
4                 4 
3                 3 

Y
ea

rs
 

2                 2 
18                 18 
16                 16 
14                 14 
12                 12 
10                 10 
8                 8 
6                 6 
4                 4 
2                 2 
B                 B 

M
on

th
s 

                  
  I1 I2 C P1 P2 M1 M2 M3 I1 I2 C P1 P2 M3 M2 M3  
  Upper Lower  
 

 start crown formation 

 completion of crown 

 
completion of roots 

 introduction of solid food 

 approx. end of weaning 

 

 

it would be necessary to analyse teeth from the same individual formed at different times 

in its life-cycle.  To this end samples that can be identified as coming from one individual, 

and that consist of bone and teeth with different formation times were submitted for 

analysis separately in order to see if diet varied over an individual’s lifetime. 
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Modern shifts in isotope values 

Data from tree rings suggests that δ13C values were relatively stable in the past 

(variation of up to 1‰), but after 1860 they appear to have become more depleted 

(Chisholm 1989:28; Pate 1994:176) due to the release of large amounts of fossil fuels into 

the atmosphere.  This is known as the Suess effect (Suess 1958).  Friedli et.al. (1986) 

found a decrease in δ13C values in ice cores dating to the mid-1800s on the order of 1.5‰, 

and this has also been observed in tree ring δ13C values (Heaton 1999).  Marine δ13C 

values have changed on the order of -0.86‰ over the same period of time (Böhm et al. 

2002).  Incorporation of fertilisers into the soil can also serve to alter δ15N values (Keegan 

and DeNiro 1988:331).  DeNiro and Hastorf (1985:99) estimate that use of modern 

artificial fertilisers (containing ammonium and nitrate) have depleted modern δ15N values 

by approximately 3‰.  This will affect most studies using locally obtained plants to 

construct a background database of isotopic values.  Investigations into modern 

agricultural practices in the area is essential in order to control for this shift, particularly in 

δ15N values. 

Water availability and temperature 

It has been shown that animals and plants existing in hot or dry climates, perhaps as 

a result of stress from lack of water, have enriched δ13C values, in the order of 1-2.5‰ 

(Lajtha and Marshall 1994:7; Pate 1994:178).  This isotopic enrichment in very dry areas 

can also be seen in δ15N values, and can result in complete overlap in marine and terrestrial 

values (Ambrose and DeNiro 1986; Schoeninger 1989; Sealy et al. 1987).  Schwarcz et al. 

(1999) speculate that this δ15N enrichment may be the result of heat stress as well as the 

consumption of dietary sources that are also δ15N enriched.  Aitutaki, situated well into the 

tropical zone, has a relatively hot climate with mean temperatures ranging from 24.1ºC to 

27.1ºC (Milne 1991:6), though it is not particularly dry.  From the literature it is difficult to 
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know what exactly the definition of a “hot climate” is, and whether Aitutaki would qualify 

as such.  Occasional droughts are experienced, though whether they are of a duration that 

would affect isotopic values is unknown. 

Tropical seagrass and coral reef  

Marine environments with a significant input from tropical seagrasses and coral reefs 

can show depleted δ15N values compared to other marine environments due to nitrogen 

fixation at the base of the food web(Keegan and DeNiro 1988:321).  Seagrasses, which 

generally have enriched δ13C values than other marine plants (-13‰ as opposed to –19‰) 

can contribute large amounts of carbon to the food web and also enrich δ13C values 

(Ambrose 1993:94; Keegan and DeNiro 1988:321).   

While this is an important effect to keep in mind when evaluating the marine samples 

from Aitutaki, it appears that if seagrasses are present in the lagoon, they do not exist in 

large numbers.  Gibbs (1975:124) specifically notes their lack on the broad sandflats that 

edge the eastern side of the main island. 

Differences in plant parts  

Isotope values vary for many plants, depending on which part is sampled.  For 

example, the δ13C value of maize seed is approximately 0.2‰ depleted compared to the 

leaves; potato tubers are 2.3‰ depleted in δ13C compared to the leaves (Deines 1980:334); 

and Lajtha (1994:13) found that in general there was up to 2‰ δ15N difference between 

various plant parts.  While this phenomenon can be identified in the samples taken for 

background data, it is important to have prior understanding about which parts of plants are 

edible and may have been used in prehistory in order to take appropriate samples.  The list 

of important ethnographically important plants (Figure 2.2), compiled by Gerald 

McCormack of the Cook Islands Natural Heritage Project, is an extremely useful starting 
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point, as are the descriptions of post-European contact diet in Polynesia (Oliver 2002) that 

help to pinpoint which parts of the plants were used and when. 

4.6 Collagen extraction 

To do stable isotope analysis on bone collagen, it must first be extracted from the 

inorganic portion of the bone. The samples were processed by Dr. Nancy Beavan-Athfield 

at the Rafter Radiocarbon Laboratory in Lower Hutt.  I cleaned the bones following the 

protocol below, and sent them down to Dr. Beavan-Athfield.  In addition to brushing the 

bones were scraped with a scalpel to remove any embedded dirt, rootlets or degraded areas 

of bone.  The analysis protocol is as follows (Beavan-Athfield pers. comm.): 

Bone Samples: Bones are brushed to remove burial soil, washed and sonically 

cleaned in deionised water, and dried in a vacuum oven at 40ºC.  Each sample was 

pulverised in mortar and pestle to <450 microns, and demineralised in 0.5M HCl while 

stirring at room temperature for 1 - 2 hrs.  Collagen was filtered from the solution and 

gelatinised with 0.01M HCl in a nitrogen atmosphere at 100ºC for 16 h. The gelatin was 

double-filtered through Whatman® GF/C and 0.45 μm Acrodisc® filters, and lyophilized 

to determine yields.  

Stable Isotope Analysis: Carbon and nitrogen in the samples were analysed by an 

ANCA-SL elemental analyser in continuous flow mode interfaced to a Europa Scientific 

Geo 20/20 mass spectrometer. Carbon and nitrogen isotopes were analysed simultaneously 

from an average 1.5mg of sample. The CO2 and nitrogen gases were resolved using 

chromatographic separation on a GC column at 85ºC, and analysed for δ13C, δ15N, %C and 

%N, and C/N ratios. Measurement error values are ± 0.1‰ for carbon and  ± 0.3‰ or 

better for nitrogen. 
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4.7 Sample Integrity 

Diagenesis refers to the post-mortem changes that occur in bone and collagen after 

burial.  These alterations change the chemical composition of the collagen and can 

therefore can adversely affect the results obtained from stable isotope analysis if not 

carefully controlled for.  There are three main types of diagenesis affecting collagen, the 

histolysis of bone and collagen, the addition of a contaminant to the collagen and damage 

to existing collagen (Chisholm 1989:23).  One result of this ongoing diagenesis is that the 

residue that is extracted from archaeological bone is not collagen in the strict sense of the 

word.  Along with the original collagen, the sample may contain levels of endogenous and 

introduced biological and inorganic materials, as well as losing amino acids.  Some 

researchers such as Ambrose (1990) and Greenlee (2002:124) choose to refer to the extract 

as “collagen” to differentiate between the archaeological product and pure collagen.  

However, in this thesis I will dispense with the quotation marks as I feel that despite 

changes in its makeup, it has not been so radically altered as to render it a completely 

different material. 

There are four main techniques for detecting contamination of extracted collagen: 

C:N ratio (elemental data), % C and % N and collagen yield and amino acid composition 

(chemical indicators) (Ambrose 1990:74-5; van Klinken 1999:689).  All of these measures 

have benchmarks that give an indication as to how contaminated the sample is, and 

whether the results can be considered reliable.  However, they cannot be considered to be 

foolproof and using more than one measure to evaluate the integrity of a sample is 

important.  The Aitutaki samples were evaluated for diagenesis using their C:N ratios and 

% C and % N; any samples with collagen yields under 5% were identified by the Rafter 

Radiocarbon Laboratory as being unreliable. 

The most common way of determining whether the sample has undergone diagenetic 
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alteration of its δ13C and δ15N values is to examine the C:N ratio.  In fresh bone the ratio is 

typically between 2.9 and 3.6 (DeNiro 1985:807), and it has been shown that samples with 

C:N ratios outside this range can produce unreliable results (Ambrose 1990; DeNiro 1985; 

Schoeninger et al. 1989).  Although this range is generally accepted by other researchers, 

some have argued that higher ratios do not necessarily mean that the sample should be 

automatically discarded.  Bösl et al. (2006) included samples with a C:N ratio up to 3.8, 

and Coltrain et al. (2004) included samples up to 4.0.  However, for this thesis I have 

chosen DeNiro’s (1985) more conservative range as it is the first study in the region and a 

small sample size in which any variation could have significant effects. 

Ambrose (1990) places the % C composition of well-preserved collagen in both 

modern and archaeological bone between 15.3 and 47% by weight, and the % N 

composition between 5.5 and 13.0% by weight (Ambrose 1990:441).  van Klinken 

(1999:691) places the % C of intact collagen at about 35% by weight, stating that less than 

30% C is often accompanied by low collagen yields and abnormal C:N ratios.  He finds 

that the % N of intact collagen is between 11 and 16% by weight.  The Rafter Lab uses a  

% C of 45 ± 5 as the indicator of relatively whole collagen (Beavan-Athfield pers.comm.) 

4.8 Dietary models 

With the exception of Leach (Leach et al. 1996; Leach et al. 2000; Leach et al. 

2001), the dietary reconstructions done in the Pacific have used linear mixing models (eg 

McGovern-Wilson and Quinn 1996; Valentin et al. 2006; Valentin et al. 2007), which 

place the isotopic results on a continuum between two known dietary sources and the 

position represents the proportion of the two dietary sources in the diet.  This obviously 

limits the number of dietary sources that can be used in a reconstruction to two, which is 

not representative of most species’ diets in reality.  Leach has followed the stochastic 

method used by Minagawa (Minagawa 1992; Minagawa and Akazawa 1992) which allows 
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multiple dietary sources to be incorporated into the model.  In this thesis I have used a 

similar approach, utilising the IsoConc concentration-dependent model developed by 

Phillips and Koch (2002) and a model developed by Phillips and Gregg (Phillips and 

Gregg 2003) known as IsoSource which allows up to eight dietary sources to be included. 

IsoConc was developed to deal with the situation where one source contains a greater 

or lesser amount of one element, such as nitrogen or carbon, than do other sources. For 

example, plants usually have less nitrogen relative to carbon, so will provide lower 

proportions of nitrogen to the mixture in a dietary model (Newsome et al. 2004; Phillips 

and Koch 2002:114).  IsoConc is a “… concentration- weighted linear mixing model, 

which assumes that for each element, a source’s contribution is proportional to the 

contributed mass times the elemental concentration in that source” (Phillips and Koch 

2002:114).  You can specify two elements, in this thesis I used carbon and nitrogen, and 

three sources.  The sources I used were plants, marine protein and terrestrial protein.  The 

results express the source proportions of the dietary biomass. This model gives a very basic 

outline of the diet which I used to evaluate the dietary source values, and it also provided a 

comparison for the more complex IsoSource results. 

IsoSource examines all possible combinations of source contribution (0-100%) in 

increments set by the user.  Combinations that sum to the isotopic value in question (in this 

case the archaeological bone collagen), within user-specified tolerances, are considered 

feasible solutions.  From these solutions the frequency and range of potential source 

contributions can be determined (Phillips and Gregg 2003:261).  In this thesis, the 

increments were always set to 1%, and the tolerance were initially set at ±0.1%.  If no 

results were returned at that level, the tolerance was increased to ±0.2% (Phillips and 

Gregg 2003:263) and up to ±0.5% (Benstead et al. 2006:328).  Phillips and Gregg 

(2003:268) stress the importance of reporting the range of feasible solutions, rather than 
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just the mean as the mean suggests a unique solution which does not reflect the results that 

IsoSource returns.  In particular they suggest the use of first to 99th percentile results, 

which eliminate the extreme outliers.  Accordingly, I report the first and 99th percentiles 

and means for all results.  If a source has a range of values from 0-25% and a mean of 

12%, for example, then there were some runs that returned a result in which that dietary 

source had no contribution and some runs placed its contribution at 25%.  The mean of 

12% is simply a mathematical formula that makes for ease of comparison between dietary 

sources.  As Benstead et al. (2006:332) point out “…in a real food web with various food 

sources, factors such as availability, palatability, and productivity will vary strongly among 

organic matter sources, and these inequalities will determine the unique solution of what 

gets eaten and assimilated”. 

It is important to account for fractionation due to digestion and assimilation, and the 

dietary sources must be adjusted accordingly before being used in either IsoConc or 

IsoSource (Phillips and Gregg 2003:263). The average value of each food source was 

corrected, using the values of -1‰ for δ13C and -3‰ for δ15N to account for diet to 

consumer bone collagen enrichment (Ambrose 1993; Keegan and DeNiro 1988; Phillips 

and Gregg 2003; van der Merwe 1982).  Isotope values obtained from bone were adjusted 

to flesh values (the tissue consumed) by -3.7‰ for δ13C (Keegan and DeNiro 1988) and     

-0.6‰ for δ15N (Beavan-Athfield et al. 2008).  Finally, and in order to compensate for 

modern anthropogenic effects on δ13C values, the terrestrial plant values were adjusted by 

+1.5‰ (Friedli et al. 1986), and marine δ13C values by +0.86‰ (Böhm et al. 2002). Those 

plants that may have been grown using modern chemical fertilisers had their δ15N values 

adjusted by +3‰ (DeNiro and Hastorf 1985).  
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4.9 Statistical analyses 

All statistical analyses were carried out using SPSS 14.0 and 16.0.  When two or 

more groups of data were being tested for differences, the data was evaluated for normal 

distribution using Levene’s Test of Equality of Error Variances.  If the p-value was not 

significant (greater than .05) then the populations were normally distributed and Student’s 

t-test was used when comparing the variation between two groups, while Analysis of 

variance (ANOVA) was used on groups of three or more.  A p-value of .05 or less was 

considered significant.  Where the ANOVA indicated significant differences between 

groups of three or more, post-hoc analysis of pairwise comparisons was done using 

Tukey's Honestly Significant Differences (HSD) test in order to determine which particular 

groups were significantly different.  On the other hand, if the Levene’s test was significant 

(less than .05) then the data were not normally distributed and non-parametric tests were 

used.  The Mann Whitney U test was used for two groups, the Kruskal Wallis analysis of 

variance for groups of three or more.  P-values of .05 or less were considered significant.  

4.10 Summary 

Stable carbon and nitrogen isotopes will be used in this thesis as they are ideally 

suited to examining diets where there is a mixture of marine and terrestrial protein.  

Additionally, nitrogen is well-suited to looking at changes in trophic level, which would be 

a marker of a decline in protein altogether if terrestrial protein does not make up for any 

declines in marine protein.  However, as I have outlined above, there is considerable scope 

for variation in isotope values as a result of a number of factors, both intrinsic to isotopes 

themselves and also due to localised environmental factors.  The localised factors can be 

controlled for to a large extent by sampling dietary sources from the immediate study area.  

Factors such as the weaning effect can be partially eliminated through careful sample 
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selection.  Chapter 5 deals with this sample selection, and further discusses the ways in 

which samples were chosen to provide as bias-free assemblage as possible. 
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CHAPTER 5:  

THE ASSEMBLAGE AND SAMPLES 

5.1 Introduction 

This chapter deals with the archaeological assemblages, the samples and the methods 

used to choose them.  The composition of the assemblages will be discussed initially, 

looking at patterns across the sites, both within each species assemblage, as well as the 

relationships between them.  The discussion then turns to looking at potential issues with 

the assemblages that could affect the analysis and results, and how those problems can be 

dealt with or minimised.  The next section outlines how the samples were chosen, what 

criteria they had to meet and how the choice of samples was used to minimise some of the 

potential problems identified earlier.  Finally, the samples used in the stable isotope 

analysis are presented. 

5.2 The Assemblages: Pig, Dog and Human Bone 

The mammal bone in Melinda Allen’s Aitutaki assemblages was originally 

identified by Dr. David Steadman and Tim Canaday, using the reference collections of 

New York State Museum and Department of Anthropology, University of Washington 

respectively.  I spent some time going through the unidentified material and was able to 

identify a few more bones, enlarging the dog and human assemblages in particular.  Peter 

Bellwood very kindly sent his Aitutaki faunal collections to the Dept. of Anthropology to 

be combined with Allen’s.  As a result, the tables below are slightly different than those 

initially produced by Allen (1992:536-40).  In particular, I have chosen to exclude two 

entire juvenile pig skeletons (TP 14 and 15) from Moturakau, and one immature dog 

skeleton (TP13) from Ureia, and these are indicated in the appropriate tables.  As juveniles 
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these individuals’ isotope values may have exhibited the weaning effect of enriched δ15N 

values, and the abundance of bones masked what little changes are evident in the small 

assemblages.  The small sample size for human, pig and dog does not appear to be a factor 

in any temporal trends (Allen 1992:385).  

In a general sense at Ureia, the numbers for both species seem to increase to a peak 

around Zone D, and then fall away again to a low in Zone B/C before rebounding slightly 

in the contact/historic era.  The same pattern can be seen at Hosea and Aretai, where the 

numbers peak in Zone E.  Two main points arise from the pig and dog assemblages: firstly 

that in all the sites pig has a greater importance than dog.  “Dog is numerically less 

abundant than pig when present, lower in density, and less ubiquitously distributed” (Allen 

1992:390).  Secondly, as Allen (1992:385) points out, the archaeological record of the 

continuous presence of both pig and dog on Aitutaki seems to stand in contrast to 

European claims to the contrary.  The discrepancy between the missionary accounts and 

the archaeological record is discussed more fully in Chapter 2. 

5.2.1 Faunal Assemblages by Site 

Table 5.1 shows the number of identified specimens (NISP) for each species at each 

of the four sites, clearly showing that the pig assemblage is the largest and most evenly 

spread, with the human and dog samples mostly coming from Ureia.  Although Hosea and 

Aretai did not have enough human bone to be useful in the human analysis, there was 

sufficient pig bone, and in the case of Hosea, sufficient dog bone, for those two sites to be 

included. 

For Moturakau, as on the mainland, there is a concern that the small sample sizes are 

influencing the relative abundances.  The relative abundance of pig bone in both shelters 
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Table 5.1: Bone identified to species level (NISP) 

 Ureia (AIT-10) Hosea (AIT-50) Aretai (AIT-49) Moturakau (MR-1) 
Human 157 2 1 6 
Pig 126 23 17 166 
Dog 68 9 2 5 

 

is not significantly correlated with the sample size; Shelter A: rs=.02, p>.05 and Shelter B: 

rs=0.56, p=>.05.  On the other hand, the fact that dog appears only in the two largest 

samples from Shelter A, and is entirely lacking from the Shelter B bone assemblage (see 

Table 5.5), suggests that in this case at least, sample size is a controlling factor (Allen 

1992:386). 

5.3 Sample Problems: Assemblage 

As discussed in Chapter 4, in regard to this analysis, there are several potential 

problems with the technique of stable isotopes, and as seen above, there are potential 

problems with the assemblage itself.  Each of these will be discussed below; along with 

possible effects on the Aitutaki samples; and ways of mitigating these. 

5.3.1 Sample size 

The sample size of pig, dog and human bone is relatively small.  While this hampers 

any analysis of the relative importance of pig vs. dog in the subsistence system using such 

measures as NISP or density, it does not affect the stable isotope analysis in a similar way.  

As stable isotope analysis can identify an individual’s diet from a single bone, it is 

somewhat buffered from this type of limitation as long as it is understood that a small 

number of individual diets is not necessarily representative of the larger population.  

However, sample size does affect this study in that it limits the number of individuals that 

can be used to identify trends, as well as limiting the spread of samples across the different 

stratigraphic zones.  For example, there are only two dog bones in the Aretai assemblage, 
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and none from the earliest and latest zones, making it nearly impossible to discuss any 

possible changes with confidence.   

Consequently, it was important to identify as many individuals as possible from the 

various site assemblages (pig, dog and human).  This was accomplished by assigning ages 

to the various individual bones and taking these ages into account when selecting more 

than one sample from a stratigraphic zone.  This process was made more difficult by the 

fragmentary nature of much of the bone, and the presence of elements such as long bone 

midshaft fragments that were difficult to age more precisely than ‘juvenile’ or ‘adult’.  As 

a result, the samples tended to be teeth, which are more easily aged, and bones that fused at 

known ages (see Section 5.3 below). 

The problem of lack of spread of samples across all zones is not something that it is 

possible to work around, and as a result it is the most limiting factor in this study.  All the 

sites, with the exception of Ureia, suffer from this in one way or another.  For example, 

there is virtually no dog at all on Moturakau, and essentially no useful human bone at 

either Hosea or Aretai.  One possible way to minimise this is to consider all the mainland 

samples together, as Allen (1992) did; this increases the number of samples from each time 

period and reduces the impact of uneven distribution of samples throughout the zones at 

the individual sites. 

5.3.2 Reference collection  

Two methods of aging were used for the skeletal material: published information on 

timing of epiphysial fusion; and comparison with the comparative collection of the 

Department of Anthropology at the University of Auckland.  The pig specimens in the 

collection has been sourced from commercial piggeries and represents a range of ages from 

newborn to fully mature with all molars errupted.  The dog bone is largely sourced from 
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domestic pets with some archaeological material labelled ‘Kuri’ (pre-European Maori 

dog), and like the pigs represents a range of ages from puppy through to adult.   

All the bone in the Aitutaki assemblage identified as ‘pig’ was checked against this 

collection, both for the species and element identifications.  The unidentified mammal 

bone was also sorted again, and a small amount of additional pig bone was identified from 

that.  The elements that were suitable for aging were compared to the various individuals 

in the collection, tables on epiphyseal fusion in Bull and Payne (1982:66) and notes in 

Sisson (1953). 

Although the dog reference skeletons were adult, they were particularly useful given 

that they have a similar morphology to the Aitutaki population.  All the bone in the 

Aitutaki assemblage labelled as ‘dog’ was re-examined and the element assignments 

confirmed.  The unidentified mammal bone was also re-examined for dog bone, and a 

moderate amount of new bone was identified. 

The problem with the reference collection lies not with the dog collection, but with 

the pig collection.  Specifically, there is an uncertain relationship between the growth 

patterns, size, and varieties of modern commercial pigs versus the Polynesian pig’s growth 

patterns, size and variety.  As mentioned above, the Rev. Williams described the pigs on 

Rarotonga as “…a breed of small native pigs, of which there were but few, as they were 

particularly tender and difficult to rear…[emphasis mine]” (Williams 1838:48), which is 

different from today’s commercial pigs, bred to produce large quantities of meat, to be 

disease resistant, and to mature quickly.  It became evident while aging the pig samples 

that the shape of the bones differed between the Aitutaki pigs and the modern pig reference 

collection, supporting the literature on the subject (e.g. Bull and Payne 1982) and 

reflecting differences in size and breed.  There is no evidence in the literature that there are 

differences in maturation rates in prehistoric and modern dogs, nor did the same problems 
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arise when aging the dog samples using the reference collection as there was with the pigs.  

This is discussed further in the aging section below, along with mitigation. 

5.3.3 Human bone 

It was essential to obtain the permission of the people of Aitutaki to use the human 

bone in this analysis, particularly as it is a destructive technique. The mayor of Aitutaki, 

Mr. Tai Herman, was instrumental in helping determine which families were responsible 

for the land on which the various sites had been located.  Permission to use human bone 

from the site of Aretai was not sought as there was no intention to include the one piece of 

human bone found there in the analysis.  The landowners of the other three sites were 

contacted for permission to use human bone in the project.  The project was explained to 

each representative of the family or families concerned, a pamphlet about the project was 

given to them to keep, and they were asked to sign a letter of consent, of which they 

received a copy.  All were happy to comply on condition that results were forwarded to the 

island on completion. 

The project also passed through the University of Auckland ethics committee who 

determined that they had no jurisdiction over archaeological human remains, and the 

human bone was included in the study on the basis of the permission granted by the people 

of Aitutaki. 

Peter Bellwood sent me the human bone he had excavated at Ureia in 1969, and this 

was added to the human bone from the Aitutaki collections excavated by Melinda Allen.  

The majority of the bone is from Ureia, with lesser amounts from the shelters on 

Moturakau.  There was not enough human bone from Hosea and Aretai to include in the 

analysis. 

Determining the provenience of the human bone Bellwood excavated is difficult, 

limiting its utility and introducing a degree of uncertainty into the isotopic data obtained 
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from it.  According to Bellwood’s excavation notes, (pers. comm. 2003) it is most likely 

the majority of the human bone excavated in 1970 came from burials that were cut from 

the top of his layer 3, which is likely the equivalent of Allen’s Zone C (see Figure 3.4); 

with the possibility that some of it may come from layer 5, Allen’s Zones D&F.  Taking 

the conservative route, the majority of Bellwood’s bone most likely dates to the 

prehistoric/contact era (cal AD 1660-1950 at 1σ) and will be included in that date range for 

analysis.  

Approximately a third of the human bone excavated by Allen also comes from Zone 

C, with Zone E containing three pieces and the other two-thirds of the bone coming 

equally from Zones G and J.  It appears that human bone was being deposited at Ureia 

throughout its occupation, although it must be noted that there were no distinct burial 

features below Zone C.  Therefore, the bulk of human bone from Ureia dates to just prior 

to European contact or immediately post-contact based on the radiocarbon dates and 

artefact assemblages from Zone C (Allen 1992:140).  The site was not known as a burial 

ground at the time of Bellwood’s (1978:97) excavations. 

5.3.4 Aging 

Determining the age of the individual the samples had come from was important for 

several reasons: to identify specimens for analysis that might show the effects of weaning, 

to develop an age profile of the population, and finally to help in identifying separate 

samples that may have originated from the same individual. 

The identification and aging of the human bone and teeth was very straightforward 

and the standard reference work by Bass (1987) was used for this.  Teeth were assessed as 

to wear to help identify individuals.  The wear was scored using Scott’s (1979) guidelines. 

There are several published references on aging pigs, using both skeletal elements 

and teeth (Bull and Payne 1982; Grant 1982; Matschke 1967; Reiland 1978; Rolett and 



 137

Chiu 1994; Silver 1969; Sisson and Grossman 1953).  The teeth are the easiest to age but 

some of the skeletal material proved difficult, sometimes the particular element was not a 

good guide to the age of the animal, and some samples were in poor condition. 

There is some debate amongst the sources as to the relationship between epiphyseal 

fusion in wild and late-maturing pigs compared to ‘Improved Landrace’, or modern 

commercial varieties of pigs.  Although it initially would seem that the more modern 

varieties mature more quickly than the wild and older varieties, this may be simply be a 

problem with differences in defining the moment of fusion of an epiphysis. Bull and Payne 

(1982:67) suggest that the much younger fusion ages given by Reiland (1978:19-20) are 

probably a result of this confusion with definitions, and that the differences between the 

varieties are not really all that great (Bull and Payne 1982:70).  Another drawback to using 

the comparative collection and published data on modern pigs is the question of how 

quickly the Polynesian pigs grew in comparison.  As Reiland (1978:15) points out “the 

modern pig is the product of hard genetic selection for fast growth and for specific 

qualities such as increased lean meat and less fat”, whereas as discussed above, the pigs 

found on Rarotonga were described as small and delicate.  While the Polynesian pig cannot 

be considered to be a ‘wild’ pig by any means, it is probably closer to it in terms of speed 

of growth than to its modern equivalents, and therefore my samples will likely be smaller 

at each stage of growth than those pigs represented in the reference collection.  This was 

fairly obvious when identifying the bones in the first instance; the archaeological bone 

might similar in shape and development to the reference bone, but was generally much 

smaller.  There were also differences in form in some of the bones. 

In contrast to the difficulties with aging skeletal elements, the teeth were more 

straightforward.  There is less disagreement about the timing of tooth development than for 

the skeletal material; but there is a question of how different rates of development in 
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modern pig species are to pigs in prehistory.  Based on published data (Bull and Payne 

1982; Matschke 1967; Rolett and Chiu 1994; Silver 1969; Sisson and Grossman 1953), it 

would seem that tooth development in wild pigs is relatively slower than in modern 

domesticates (Table 5.2 and Table 5.3).  

 

Table 5.2 Ages (in months) for gingival molar emergence among European 
wild hogs (Matschke 1967) 

Tooth Age range for emergence 
Maxilla First molar 5.3-6.4 

 Second molar 12-14 
 Third molar 26-33 
   

Mandible First molar 5.3-6 
 Second molar 12-13.8 

 Third molar 23-26 

 

Bull and Payne (1982) believe that while the differences in tooth development 

between wild and domestic pigs is probably not as great as has previously been thought, 

“data for slower-erupting modern pigs or for wild boar are probably most suitable for 

general application to teeth and jaws from archaeological sites.” (Bull and Payne 1982:70). 

There is a certain mismatch between age estimates on live pigs which are based on 

the observation of a tooth breaking through the gum (gingival emergence) and the 

emergence of a tooth out of the bone as is seen in archaeological specimens.  Thus 

archaeological age estimates will tend to be slightly older than those done on live pigs 

(Matschke 1967).  Silver (1969:290-1) points out that if a tooth has wear then it must have 

been erupted, if no wear is present then it probably represents the earlier end of the 

published age ranges. 
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Table 5.3 Ages (in months) for gingival molar emergence among domestic 
pigs (Hillson 1986). *Mandibular and maxillar teeth together. †Also 
includes data for pigs of unspecified maturation rates. 

  Rate of maturity 
Tooth* Early Middle Late Overall age range† 

First molar 4 6 8 4-8 
Second molar 7 10 13 7-13 
Third molar 16 18 20 16-22 

 

Matschke’s (1967) table on the emergence of European wild hog teeth was used as 

the main source of specific age assignments.  Other works on tooth aging, such as Rolett 

and Chiu (1994), Bull and Payne (1982) and Grant (1982) concentrate much more on using 

tooth wear to age animals.  As there was very little wear present on most of the teeth, this 

method did not provide a particularly accurate way of determining the age of many of the 

pigs in the Aitutaki assemblage.  However, it was possible to break down the assemblage 

into broad age-groupings using isolated teeth, following Rolett and Chiu’s (1994:378) 

method, and these categories are used in the age determinations for the individual pigs in 

Table 5.7. 

Rolett and Chiu used the following categories:  

1. Immature individuals, less than 5-8 months old, molar germs only. 

2. Sub-adult – older than 5-8 but younger than 10-14 months, first molars in wear 

stages a-c, second molars from germ to wear stage a.  This age group may 

represent the transition to reproductive status. 

3. Young adult – older than 10-15 but younger than 18-26 months, first molars in 

wear stages d-f, second molars wear stages b-c, third molars wear stages a. 

4. Mature adult – older than 18-26 months, third molars in wear stage b+, 

associated first and second molars. 

As with the data for pigs, there appears to be a fairly large discrepancy between 

authors when it comes to reporting the timing of epiphyseal fusion in dogs (Table 5.4).  
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Table 5.4 Ages for epiphyseal fusion in the dog. (Silver 1969; Sisson and 
Grossman 1953; Sumner-Smith 1966) 

 Ossification Centres Silver Sisson Sumner-Smith 
     

Scapular tuberosity 6-7m 6-8m 12w – 5m 
Proximal humerus 15m 12m 10m 
Distal humerus 8-9m 6-8m 5-8m 
Proximal radius 11-12m 6-8m 5-8m 
Distal radius 11-12m 1.5y 6-9m 
Proximal ulna 9-10m 15m 5-8m 
Distal ulna 11-12m 15m 6-8m 
Metacarpal 8m 5-6m 5-7m 
Proximal phalanx 7m 5-6m 16w-5m 
Middle phalanx 7m  16w-5m 

Forelimb 

    
Greater trochanter 6-9m 
Proximal femur 6-9m 
Lesser trochanter 9-10m 
Distal femur 

1.5y 1.5y 

6-8m 
Proximal tibia 1.5y 1.5y 6-11m 
Distal tibia 13-16m 14-15m 5-8m 
Proximal fibula 15-18m  6-10m 
Distal fibula 15m  5-8m 
Tuber calcis 13-16m 14-15m 11w-7m 
Metatarsal  5-6m 5-7m 
Proximal phalanx  5-6m 16w-7m 

Hind limb 

Middle phalanx  5-6m 16w-5m 
 

Silver (1969) and Sisson (1953) are the most similar, with Sumner-Smith’s (1966) ages 

consistently much lower.  This is likely due to differences in method of determination of 

fusion—Sumner-Smith was using radiography and the other two sources presumably relied 

on dissection or archaeological material, although they do not explicitly state this.  Silver 

(1969:287) states that “radiographic evidence of epiphyseal closure does not necessarily 

imply that the fusion is complete or sufficiently strong to withstand the stresses likely to be 

imposed on archaeological material”, so it stands to reason that ages obtained by that 

method would tend to be on the younger side.  As the two most similar sets of data were 

also the ones apparently based on physical examination of bones, as were the 

archaeological samples, the aging of the skeletal material was done using both Silver and 

Sisson, supplemented by the comparative collection.  
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Unlike pigs and humans, there is very little published on tooth formation in dogs.  

Silver (1969:299) has dog tooth eruption ages and notes that “at year one all dog incisors 

are in wear but still have the fleur-de-lys shape which is completely lost by two years.” 

5.4 Choosing the Samples 

Once the assemblages had been identified to species and aged, samples were selected 

for stable isotope analysis with the aim of having the greatest number of individuals 

represented, across the widest number of stratigraphic zones.  The small sample sizes made 

this difficult at times, with some zones not containing any appropriate samples, or if there 

were more than one sample it might not have been possible to rule out the chance they 

came from the same individual.  Consequently, some of the samples chosen from these 

earliest zones or zones with very few samples are not as secure with regard to the other 

selection criteria, such as whether it might come from the same individual, as another 

sample from that stratigraphic zone or test pit.   

As can be seen from Table 5.5, the Ureia assemblage contained the greatest number 

of samples from all three species, with the greatest spread across the stratigraphic zones.  

The two rockshelters on Moturakau contained the next largest assemblage, followed by 

Hosea and Aretai. 

Once the pool of potential samples from each zone was established, the second 

criterion was the ability to age the sample.  This was important for two reasons: firstly to 

eliminate samples from pre-weaning age animals; and secondly to help determine if the 

samples could possibly be from the same individual.  The degree of wear on the teeth was 

also used to distinguish samples from different individuals, particularly with the human 

samples. 
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Table 5.5 Aitutaki mammal bone abundances (NISP) 

 Stratigraphic zone Totals 

Ureia (AIT-10) A B B/C C C/D D E F G H I J  
Human 1 0 0 14 0 0 3 0 17 0 0 16 51 
Pig 11 11 3 26 3 27 21 1 20 0 2 1 126 
Dog 3 6 0 0 4 31 9 2 9 1 0 0 68 
              
Hosea (AIT-50) C D E F G H        
Human 0 0 2 0 0 0       2 
Pig 0 0 18 0 4 0       22 
Dog 0 0 6 0 3 0       9 
              
Aretai (AIT-49) A C E G          
Human 0 0 2 0         2 
Pig 1 3 9 4         17 
Dog 0 1 1 0         2 
              
Moturakau (MR-1) 
Shelter A 

A B C D E F H J K     

Human 1 3 0 0 0 1 0 2 0    7 
Pig 20 23 0 1 2 2 4 6 0    57 
Dog 0 2 0 0 0 0 2 1 0    5 
              
Moturakau (MR-1) 
Shelter B 

A B C D E F F/H H      

Human 0 0 0 2 1 0 0 2     5 
Pig 1 0 1 0 0 2 6 1     9 
Dog 0 0 0 0 0 0 0 0     0 

 

In some cases it was not possible to identify bone from different individuals by aging 

the samples, and in this situation samples were taken from test pits located as far away 

from each other as possible.  Clearly this cannot control for situations such as different 

parts of one animal being deposited in different locations depending on the stage of 

preparation, but it does add a certain degree of control that would not be possible if the 

samples were from the same test pit. 

The last criterion was the physical size of the sample.  In some cases bone or teeth 

that met the above criteria were simply too small for stable isotope analysis, which ideally 

requires 200mg of bone/tooth to produce reliable results. 

The modern reference material was collected in order to provide the most accurate 

comparison for the archaeological isotope results.  All plant samples were collected on 
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Aitutaki in November 2002 with the help of the Ministry of Agriculture staff on Aitutaki.  

Using the list provided by the Cook Islands Cultural Heritage Project (Table 2.2) and 

information from Oliver (2002), samples were taken from the appropriate portion of the 

plant.  The samples were placed in plastic ziplock bags, transported fresh, and then frozen 

by Ministry of Agriculture and Fisheries (MAF) officials upon entry to New Zealand.  The 

samples were then kept frozen until they were analysed at IGNS.  The freezing was 

required by New Zealand’s strict quarantine laws and does not affect the isotope results. 

The fish were obtained by Cook Islands Department of Fisheries employees on 

Aitutaki who kindly agreed to go spear fishing both inside and outside the reef off the 

northeast point of the main island, and outside the Papamutu reef passage.  Collection was 

limited to one expedition and consequently the samples obtained reflect what they were 

able to catch using a spear gun (i.e. fish of at least a moderate size) and what was present 

on the day.  They did, however, endeavour to catch some of the most common fish in the 

area, and only those that were considered “good eating”.  The fish were photographed as 

they were caught to aid in identification.  The smaller fish were frozen whole, while the 

larger fish had the head removed and frozen.  The fish were kept frozen during transport 

and flesh was removed for stable isotope analysis at a later date.  The fish were identified 

both from the frozen specimens and from published references (Bagnis et al. 1974; Froese 

and Pauly 2007; Kuiter 2000; Lieske and Myers 1996; Masuda et al. 1984; Randall 1985; 

Randall et al. 1997). 

5.5 Analytic assemblage 

The numbering system for the samples identifies the site number, followed by the 

provenience number, and then a subnumber (if necessary) to distinguish between more 

than one sample from the same provenience.  For example, AIT-10.195.2 is a sample from 

Ureia, and indicates the second sample analysed from the provenience designated 195.  
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Other analyses have been done on the Aitutaki samples, so a provenience subnumber does 

not necessarily mean that there is more than one sample from that provenience in this 

analysis.  The only samples that deviate from this system are the human bone samples 

excavated by Bellwood.  They contain BEL instead of a provenience number.  Two pieces 

of maxillary bone had in situ teeth, these were analysed separately and assigned 

subnumbers after the BEL designation (ie AIT-10.BEL.21.2) 

5.5.1 Human 

The majority of the human samples (Table 5.6) come from Ureia, with 16 samples 

representing 12 individuals.  The other eight samples come from Moturakau.  Aretai and 

Hosea did not have any human bone that was suitable for analysis.  The Bellwood human 

bone is differentiated in the assemblage from the material excavated by Allen by a ‘BEL’ 

preceding the ACC number.  It has been assigned to Zone C.  See above for a fuller 

discussion on the Zone assignation of this material.  

Two sections of maxilla (AIT-10.BEL.19 and AIT-10.BEL.21) containing in-situ 

teeth were used to examine potential differences in diet over the two individuals’ early life; 

these samples are particularly useful because they contain both M1 and M3 molars, thus 

potentially containing dietary information from around six months of age up to fully adult. 

All the human material comes from children older than five years or from adults.  

The estimated age at which the sample was formed, if known, is broken down in to the 

general categories of infant (birth to three years), child (three to 12 years), young adult (12-

18 years) and adult (18 years +).  The samples whose age is ‘unknown’ are most likely 

adult, but cannot be positively assigned to either category.  
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Table 5.6 Human samples chosen for analysis 

Site ACC No. Zone Element Element 
Portion 

Side Approximate Age 
of Sample Formation 

Ureia 
(AIT-10) 

98.1 C patella complete right unknown 

161.1 C fibula distal shaft 
fragment 

right unknown 

195.1 J middle 
phalange 

complete  adult 

303.1 G phalange 
2nd (hand) 

complete  adult 

BEL.2 C second 
metatarsal 

complete but 
distal unfused 

left child 

BEL.3 C second or 
third? 

metatarsal 

complete but 
distal unfused 

left child 

BEL.19.1 C tooth PM2 left child 
BEL.19.2 C tooth M1 left infant 
BEL.19.3 C maxilliary 

bone 
complete left adult 

BEL.21.1 C tooth M2 right child 
BEL.21.2 C tooth M3 right child 
BEL.21.3 C maxilliary 

bone 
complete right adult 

BEL.25 C tooth PM2 right child 
BEL.26 C clavicle lateral portion right adult 
BEL.31 C parietal partial  young adult 

 

      
45 E tooth M2 right child 

48.7 D tooth partial M2 or 
M3 

unkn. child 

89.3 E tooth M3 left adult 
121.1 E tooth M2 right child 
136 F tooth C1 left infant 
138 H occipital or 

parietal 
fragment of 

suture 
 unknown 

153.1 C zygomatic partial right adult 

Moturakau 
(MR-1) 

211.7 D tooth partial M3 right child 
 

5.5.2 Pig 

The pig samples (Table 5.7) constitute the largest proportion of the Aitutaki 

assemblage, with a mix of bone and teeth.  The Ureia assemblage was by far the largest, 

consisting of nine individuals (16 samples) spread throughout all the stratigraphic zones 

except the very earliest, Zones I and J.  The other two mainland site assemblages, Aretai 

and Hosea, were much smaller, containing only four and five individuals each.  Despite the 

smaller number of samples, they were spread evenly across the stratigraphic zones, 
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although Hosea does not have any samples from the most recent zone.  The seven 

Moturakau samples were also evenly spread across all the zones. 

Two maxilla, AIT-10.17 and AIT-10.279, which contained intact teeth, were broken 

up and the teeth and bone were submitted separately in order to consider variation in diet 

over the individual’s lifetime.  The two maxilla contain a different range of teeth, 

potentially giving information on diet from birth through to around 14 years of age. 

 

Table 5.7 Pig samples chosen for analysis 

Site ACC No. Analytic 
Zone 

Element Element Portion Side Relative Age 

17.1 B maxilla bone surrounding molar right young adult 
17.2 B tooth M2 right young adult 
17.3 B tooth partial M3 right young adult 
96.1 A tooth pm2 right immature 
115.2 E parietal complete right young adult 
117.1 G 3rd metacarpal complete right mature adult 
241.2 E parietal mostly complete right sub-adult 
276.1 C/D tooth partial I1 right sub-adult 
276.2 C/D tooth partial i1  right sub-adult 
276.3 C/D tooth partial 2 right sub-adult 
279.1 E maxilla mostly complete left immature 
279.2 E tooth pm3 left immature 
279.3 E tooth pm4 left immature 
279.4 E tooth M1 left immature 
285.3 G tooth i2 left sub-adult 

Ureia 
(AIT-10) 

336.1 C tooth pm2 right sub-adult 
       

6.1 C 1st phalange minus epiphyses  young adult 
12.1 E mandible fragment  unknown 
19.2 G longbone midshaft   unknown 

Aretai 
(AIT-49) 

20.1 E longbone midshaft   unknown 
       

2.1 E tooth C1  sub-adult 
8.1 E 3rd phalange complete  unknown 
9.1 G tooth partial M2 right sub-adult 
29.1 E 3rd phalange largely complete  young adult 

Hosea 
(AIT-50) 

44.3 E  tooth partial i3 ?  immature 
       

3.1 A tooth partial I1  sub-adult 
5.1 A tibiotarsal complete left unknown 
14.1 B 1st phalange complete left young adult  
43.1 D tooth partial pm2  immature 
67.1 F tooth partial I2 right mature adult 
90.7 F tooth partial I  sub-adult 

Moturakau 
(MR-1) 

235.1 H humerus distal shaft right unknown 
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The age ranges follow Rollet and Chiu’s (1994:384) categories of ‘immature’ (5-8 

months), ‘sub-adult’ (older than 5-8 but not more than 10-14 months), ‘young adult’ (older 

than 10-14 but not more than 18-26 months) and ‘mature adult’ (older than 18-26 months). 

The range of ages present in the assemblage shows only two fully mature adult (at 

the lower end of that age category), the rest of the individuals range from immature 

through to young adult, the majority falling in to the category of sub-adult.  The ‘unknown’ 

category contains bone fragments without any diagnostic value.  They are likely sub-adult 

or young adult age based on size. 

5.5.3 Dog 

The dog samples are not as evenly spread across the stratigraphic zones as the pig 

samples, with the preponderance coming from the earlier zones rather than the later ones; 

and this reflects the total assemblage composition.  Ureia has the largest number of 

samples, at seven; followed closely by Hosea at five.   

Table 5.8 Dog samples chosen for analysis 

Site ACC No. Zone Element Element Portion Side Age 
(months) 

240.1 C/D tooth I2 right 5 - 7 + 
226.1 E metacarpal whole, fused left rear 5 - 6+ 
226.2 E tooth M3 left 6 - 7+ 
241.3 E tooth C1 right? 5 - 6 
102.2 G tooth C1 left 5 - 7 + 
245.3 G prox. phalange complete unknown 5 - 6 

Ureia 
(AIT-
10) 

285.2 G tooth partial PM4 left <4 - 5 
       

2.1 B phalange (1st?) proximal end unknown 5 - 6 Aretai 
(AIT-
49) 12.2 E skull   n/a unknown 

       
2.2 E tooth partial I unknown ? 
37.1 G 1st phalange distal + shaft unknown 4 - 5 + 
44.1 E tooth partial M1 left 4 - 5 + 
44.2 E  tooth partial PM2 or PM3 unknown 5 - 6 + 

Hosea 
(AIT-
50) 

23.1 G innominate 3 fragments right unknown 
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Aretai only has two samples (representing the entire assemblage from the site), and 

Moturakau none at all.  The lack of suitable dog samples from Moturakau is particularly 

unfortunate.  The few samples present in the assemblage were unsuitable for isotopic 

analysis because they were from pre-weaning age puppies or the specimens were of an 

extremely small size.  The age range of the samples is limited, with most individuals 

around four to five months of age.  They are all post-weaning (up to 3 months old), but not 

yet of breeding age (University of California n.d.), which occurs around eight to 12 

months.  The two unknown ages are most likely fully adult, but were not able to be 

securely aged.  

5.5.4 Plant samples 

The plant species collected for the background samples (Table 5.9) were limited to 

what was available in November, when the collection was made.  Consequently, some 

species were not sampled as it was the wrong time of year for the fruit; the most important 

of those was breadfruit (Artocarpus altilis) which was unfortunate given how important it 

is in the subsistence systems of most East Polynesian islands (Oliver 2002:74-75).  Despite 

the fact that Cordyline fruticosa is still prepared regularly on Rarotonga (Walter pers. 

comm.), the Ministry of Agriculture people told me that on Aitutaki the root is only 

occasionally eaten on special occasions, it is only grown as an ornamental plant, so only a 

leaf was taken as it was not possible to obtain a sample of root without digging up 

someone’s hedge or flower garden.  It is expected that the δ13C value of the inedible leaves 

will be different to the root, although it is difficult to predict by how much. As discussed in 

Chapter 4, potato tubers are 2.3‰ depleted in δ13C compared to the leaves (Deines 

1980:334).  But given this uncertainty, the values for the leaves were used in analysis. 
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Table 5.9: Plant samples collected from inland and coastal Aitutaki 

Common Name Species Name Location Type of sample 

Coconut Palm Cocos nucifera Inland Portion of coconut meat 
Taro Colocasia esculenta Inland Small corm (complete) + section of leaf 
Taro Colocasia esculenta Inland 3 small corms + section of leaf 
Atoll Taro Cyrtosperma chamissonis Inland Small corm (complete) + section of leaf 
Banana Musa X paradisiaca Inland 1 whole banana (small, green) 
Pacific Arrowroot Tacca leontopetaloides Inland Whole roots 
Breadfruit Artocarpus altilis Coastal 2 slices of immature fruit 
Sweet Potato (x2) Ipomoea batatas Inland Halves of two varieties 
Indian Mulberry Morinda citrifolia Coastal Portion of small immature fruit 
Native Pigweed Portulaca lutea Inland Several stems 
Malay Apple Syzgium malaccensis Coastal 2 small immature fruits 
Cordyline Cordyline fruticosa Inland 3 leaves 

 

5.5.5 Fish and turtle 

The samples (Table 5.10) represent a good cross-section of the fish available in the 

Aitutaki lagoons; with carnivores, omnivores and herbivores present (Table 5.11), as well 

as species from both inside and outside the lagoon.   

 

Table 5.10: Marine species collected from west lagoon, Aitutaki, and 
additional samples from Department of Anthropology reference collection 
(indicated by an asterisk) 

Family Common name Genus/species Sample  
type 

Catch location 

Acanthuridae Red-spotted Surgeon Fish Acanthurus achilles flesh outside reef, Aitutaki 
Acanthuridae Convict Tang Acanthurus triostegus flesh west lagoon, Aitutaki 
Ballistidae Triggerfish cf. Melichthys niger flesh west lagoon, Aitutaki 
Carangidae* Bluefinned Trevally Caranx melampygus bone Anaho Bay, Marquesas 
Carangidae* Doublespotted Queenfish Scomberoides lysan bone Aitutaki 
Holocentridae Blotcheye Soldier Fish Myripristis murdjan flesh west lagoon, Aitutaki 
Kyphosidae Kyphosidae cf. Kyphosus cinerascens flesh west lagoon, Aitutaki 
Lethrinidae Golden-lined Sea Perch Gnathodendex aureolinatus flesh west lagoon, Aitutaki 
Lethrinidae* cf. Yellow-lipped 

Emperor 
Lethrinus cf. xanthochilus bone Yasawa Island, Fiji 

Pomacentridae Pomacentridae cf. Pomacentridae flesh west lagoon, Aitutaki 
Scaridae cf. Bullethead Parrotfish cf. Clorurus sordidus flesh Aitutaki 
Scaridae cf. Minifin Parrotfish Scarus cf. altipinnis flesh outside reef, Aitutaki 
Serranidae Blue-spotted Grouper Cephalopolis argus flesh outside reef, Aitutaki 
Serranidae Honeycomb Sea Bass Epinephelus merra flesh outside reef, Aitutaki 
Cheloniidae* Green Sea Turtle Chelonia mydas bone Anaho Bay, Marquesas 
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Three additional vertebrae samples from the Department’s reference collection were 

included to increase the number of carnivorous fish and these are indicated by an asterisk 

in Table 5.10.   

The most notable gap in the collection was the Carangidae family, and two of the 

additional samples were used to provide information for this important group.  Bone from 

a Green Sea Turtle (Chelonia mydas) was also included in the assemblage on the basis of 

both the archaeological evidence for their consumption in prehistory, and the ethnographic 

evidence of the importance of turtles across East Polynesia (Allen 1992, 2007). 

 

Table 5.11  Aitutaki marine samples sorted by diet (Bagnis et al. 1974; 
Froese and Pauly 2007; Kuiter 2000; Lieske and Myers 1996; Randall et 
al. 1997) 

Herbivore Convict Tang 
 cf. Bullethead Parrotfish 
 cf. Minifin Parrotfish 
  

Omnivore Red-spotted Surgeonfish 
 Triggerfish 
 Kyphosidae 
 Pomacentridae 
 Green Sea Turtle 
  

Carnivorous Blue-finned Trevally 
 Double-spotted Queenfish 
 Blotch-eye Soldierfish 
 Golden-lined Seaperch 
 Yellow-lipped Emperor 
 Blue-spotted Grouper 
 Honeycomb Seabass 

 

5.6 Summary 

The samples were selected in order to maximise the amount of information that 

could be taken from the assemblage, as well as to minimise the identified problems with 

the technique of stable isotope analysis itself, such as the weaning effect, as well as the 

assemblage itself, in particular the effect of small amounts of human, pig and dog bone.  
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The assemblages presented in Tables 5.6 – 5.10 represent the material that was submitted 

for stable carbon and nitrogen isotope analysis at the Rafter Radiocarbon Laboratory.  The 

results of that analysis are presented in Chapter 6. 
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CHAPTER 6:  

RESULTS 

6.1 Introduction 

The results discussed in this chapter form two major parts.  The first part deals with 

sample integrity and particularly with those samples which were excluded from the 

analysis.  I also discuss the effect of age and tissue type on isotopic variation, and how this 

might affect subsequent analysis and interpretation of the results of the archaeological 

samples.  The second part contains the stable isotope results from the background dietary 

samples and the human, pig and dog archaeological bone.  The Aitutaki comparative 

samples are compared with world-wide averages in order to identify any unusual trends or 

outliers.  The pig, dog and human results are presented separately and are divided into the 

following general subsections; 1) what can be inferred about diet from those results; 2) 

what change over time, if any, can be detected and how that change can be characterised 

and; 3) whether there is any indication of regional differences in diet. 

6.2 Sample integrity 

The samples were generally very well preserved, even the small bones.  This can 

probably be attributed to the fact the four sites are on the coast and are therefore largely 

sand, which has limited groundwater retention. 

Five samples had C:N ratios outside the acceptable ranges discussed in Chapter 4, 

and are shown in Table 6.1.  From the Aretai assemblage, one pig bone sample (AIT-

49.6.1) had a C:N ratio of 7.7 which is well outside the acceptable range as well as low 

%N and %C values.  It also had a very depleted δ13C value compared to the other pig 

samples.  Four samples, two pig and two dog, had C:N values only slightly outside the 
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2.9–3.6 range. AIT-50.2.1 and AIT-10.245.3 have a C:N ratio of 2.8 and AIT-10.241.2 and 

AIT-10.241.3 have C:N ratios of 3.8 and 3.7 respectively.  AIT-10.245.3 also has %C of 

52.8, outside the 45% ± 5 considered acceptable (Beavan pers.comm.).  Both AIT-49.6.1 

and AIT-10.245.3 were excluded from the analysis. 

 

Table 6.1 Comparison of samples with C:N values outside the normal 
range 

 %N δ15N %C δ13C C:N ratio 
Pig      
AIT-49.6.1 1.4 9.6 10.7 -22.4 7.7 
AIT-10.50.2.1 17.4 15.2 49.1 -18.0 2.8 
AIT-10.241.2 13 11.8 49.6 -17.8 3.8 
Dog      
AIT-10.241.3 11.8 14.7 43.1 -16.9 3.7 
AIT-10.245.3 18.9 14.4 52.8 -14.1 2.8 
 

Although the other three samples fall within the acceptable %C range I felt that it 

would be more appropriate to exclude them, particularly given that the assemblages are 

small and one or two samples with values that are slightly altered could affect the 

interpretation of the results significantly. 

6.3 Variation within the samples 

In order to determine whether biases within the samples themselves may affect the 

results, differences in tissue type and sample formation age were looked at for the 

archaeological bone samples.  There is no statistically significant difference between bone 

and tooth samples from any of the three species—Human δ13C (F=.419, p=.524), δ15N 

(F=2.807, p=.108), pig δ13C (F=.571, p=.456), δ15N (F=.740, p=397) and dog δ13C 

(F=.153, p=.703), δ15N (F=.083, p=.780).  Therefore it is not necessary to discriminate 

between the two material types in further analyses. 
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There are, however, variations due to the age at which the sample was formed.  As 

Figure 6.1 and Figure 6.3 illustrate, an ANOVA on the human age categories of infant 

(n=2), child (n=8), adult (n=5) and unknown (n=4) shows a statistically significant 

difference in δ15N values between the age categories (F=5.952, p=.007), but not in the δ13C 

values (F=3.078, p=.060), although a Tukey’s HSD indicates that the differences in δ13C 

between the adult category and the sub-adult category are approaching significance 

(p=.089).  The differences in δ15N values between the age categories are significant for 

adult and child (p=.029) and unknown and child (p=.012); but not between adult and 

unknown (p=.927), suggesting that the unknown category contains mostly, if not all, adult 

bone. 
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Figure 6.1  Variation in human isotope values by sample formation age 
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The results indicate that in general younger individuals are eating foods with lower 

δ15N values than adults.  The differences in δ13C between the same two categories, 

although not statistically significant, also hint that younger people may have eaten less fish 

than adults.   
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Figure 6.2  Variation in pig isotope values by sample formation age 

 

These trends will result in a greater range of δ15N and δ13C values within the Aitutaki 

human samples than if all samples were taken from bone and/or teeth formed at the same 

time, and must be taken into account when interpreting any results.  However, when the 

entire human assemblage is compared to the adult-only human assemblage, an ANOVA 

shows they are not significantly different from each other for either δ13C (F=1.125, 

p=.298) or δ15N (F=.333, p=.569).   
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The pig samples (Figure 6.2) were divided into the formation age categories of 

immature (n=6), sub-adult (n=8) young adult (n=6) and mature adult (n=2).  Figure 6.2 

shows that there are no significant variation within the pig values based on age of 

formation for either δ13C (F=.466, p=.709) or δ15N values (F=1.906, p=.165).   

The tight age range of the dog samples, along with the small sample size did not 

allow differences in age of sample size to be examined. 

Two samples in each of the human and pig assemblages consisted of a section of 

mandible bone with in situ teeth, enabling me to look for change in diet over time in one 

individual.  The results are presented in Figure 6.3.  The two humans, AIT-10.BEL19 and 

AIT-10.BEL21 are very similar with the teeth formed at an earlier age being more depleted 

in δ13C  and δ15N than those formed later in life, and the bone also more enriched in δ13C 

and δ15N, reflecting the diet nearer the time of death.  The two pigs, AIT-10.17 and AIT-

10.279, only show differences in the δ15N values, with the teeth formed in utero or at a 

very early age more depleted in δ15N than those formed at later ages, with the more recent 

bone also showing more depleted values.  This is probably the weaning effect, where 

nursing individuals show enriched δ15N values and then return to lower adult values after 

weaning (Fuller, Fuller et al. 2006; Herring et al. 1998; Katzenberg and Pfeiffer 1995).  

The results for the three species illustrate the importance of considering the point in 

an individual’s life at which the sample was formed as it can have an effect on the isotopic 

values. 
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Figure 6.3  Change in diet over an individual’s life.  Pig 1 (AIT-10.17), Pig 2 (AIT-10.279), Human 1 (AIT-10.BEL19) and 
Human 2 (AIT-10.BEL21)
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Ideally all samples would be of the same bone, or tooth, in order to minimise this effect, 

but the Aitutaki assemblages were simply too small, making it even more important to 

understand the potential variation introduced by changes in an individual’s diet over its 

lifetime and this will be addressed in the analysis of the archaeological human, pig and dog 

samples. 

6.4 Background diet results 

The modern plant and fish samples collected from Aitutaki form the background 

against which the isotope results from the archaeological samples will be placed. 

6.4.1 Plant results 

As was previously discussed in Chapter 4, in collecting plant samples the list of 

important traditional plants in the Cook Islands (McCormack 2002) was used as a guide, 

and samples were collected from a variety of agricultural and domestic areas around 

Aitutaki.  Table 6.2 lists the plants collected and their δ13C and δ15N values. 

 

Table 6.2: Aitutaki plants δ13C and δ15N values.  *indicates plants likely to have 
been grown with modern fertilisers. 

 

Common name Species name %C δ13C   %N δ15N  C:N 
Coconut Palm Cocos nucifera 61.39 -22.38 1.42 8.3 43.22 
Taro corm* Colocasia esculenta 39.58 -26.80 0.3 3.9 154.00 
Taro corm* Colocasia esculenta 39.55 -25.50 0.77 1.9 59.9 
Taro leaf* Colocasia esculenta 43.02 -24.67 2.98 10.85 14.43 
Atoll Taro corm Cyrtosperma chamissonis 35.83 -29.35 3.94 7.42 9.1 
Atoll Taro leaf Cyrtosperma chamissonis 41.37 -26.1 4.08 6.7 11.84 
Banana* Musa X paradisiaca 40.13 -23.17 0.65 6.03 61.51 
Pacific Arrowroot* Tacca leontopetaloides 41.39 -23.66 1.8 9.14 22.95 
Breadfruit Artocarpus altilis 40.49 -28.2 1.01 8.1 40.16 
Sweet Potato* Ipomoea batatas 41.48 -26.79 0.75 8.5 55.02 
Indian Mulberry Morinda citrifolia 40.49 -26.52 0.93 2.49 41.57 
Malay Apple Syzgium malaccensis 38.5 -28.26 0.8 7.37 48.28 
Ti Cordyline fruticosa 40.85 -26.38 1.63 5.46 25.05 
Native Pigweed Portulaca lutea 29.32 -12.42 2.54 8.37 11.53 
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The plant values from Aitutaki conform well with the general world averages for C3 

and C4 plants (Figure 6.4), although there are unexpected results: the taro leaf (Colocasia 

esculenta) has a high δ15N value; and the Indian mulberry and one of the taro (C. 

esculenta) corms are depleted in δ15N compared to the other plants sampled.  Both banana 

and coconut are slightly more enriched than the global averages.  The δ15N results have 

been adjusted by +3‰, where appropriate (species indicated with an asterisk in Table 6.2), 

to take into account the possible use of modern fertilisers (DeNiro and Hastorf 1985; Purea 

2006).  

Sugar cane (Saccharum officinarum) is the main C4 plant known to have regularly 

formed part of the Polynesian diet in prehistory (Leach et al. 2001),  but was not sampled 

on Aitutaki.  One C4/CAM plant was identified in the samples—Pigweed (Portulaca 

lutea)—which is clearly separate from the C3 plants.  Within the Portulacaceae there are 

species utilising C3, C4 and CAM photosynthetic pathways, with Portulaca exhibiting 

moderate CAM activity (Guralnick and Jackson 2001).  No specific information is 

available on P. lutea, but P. grandiflora uses both pathways in leaves and CAM in stems 

(Guralnick et al. 2002).  Other C4 plants, particularly grasses, are present on Aitutaki but 

were not collected.  Using the list of plants on Aitutaki by Fosberg (1975) and other 

published lists of C3 and C4 species (Chazdon 1978; Hnatiuk 1979; Murdoch 2003), the 

following native C4 species, mainly grasses, were identified: Panicum reptans var. 

marquesensis, Paspalum distichum, Stenotaphrum micranthum, Cladium jamaicense 

Crantz, Cyperus javanicus. and Fimbristylis cymosa.  The Polynesians also introduced 

Echinochloa colonum, Paspalum obiculare and Aleurites moluccana.  There may be others 

not identified in the available literature, a comprehensive survey of the isotope values of 

edible plants on Aitutaki would no doubt reveal them. 
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Figure 6.4: δ13C and δ15N values for plants collected on Aitutaki, Cook Islands compared to global averages. Species marked 

with a * indicate plants probably grown with the use of modern fertilisers, their δ15N values have been adjusted by +3‰ to 

approximate prehistoric values
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The pigweed CAM values are very similar to the average for C4 plants in Leach (1996:48) 

which is δ13C  -11.5 and δ15N 10.0, and they will be used to represent CAM/C4 plants on 

Aitutaki (Figure 6.4). 

6.4.2 Marine results  

As discussed in Chapter 4, the fish samples were collected by spear fishers both 

inside and outside the reef, and supplemented by modern fish bone from the Department of 

Anthropology, University of Auckland’s reference collection. 

 

Table 6.3 δ13C and δ15N values for fish collected on Aitutaki, Cook Islands  
*indicate archaeological samples that have been converted from bone to flesh equivalent 

Common name Species name %C δ13C   %N δ15N  C:N 
Bluefinned Trevally* Caranx melampygus 38.61 -14.6 13.77 8.20 3.27 
Doublespotted Queenfish* Scomberoides lysan 35.21 -9.2 12.4 10.40 3.31 
Blotcheye Soldier Fish Myripristis murdjan 48.99 -16.52 13.49 13.99 3.63 
Golden-lined Sea Perch Gnathodentex aureolineatus 48.99 -14.03 13.49 12.82 3.63 
Yellow-lipped Emperor* Lethrinus cf. xanthochilus 35.18 -16.0 12.84 9.90 3.20 
Blue-spotted Grouper Cephalopholis argus 44.65 -12.81 14.27 13.68 3.13 
Honeycomb Sea Bass Epinephelus merra 48.44 -12.77 15.67 13.15 3.09 
Red-spotted Surgeon Fish Acanthurus achilles 44.99 -11.74 13.35 9.83 3.37 
Convict Tang Acanthurus triostegus 44.40 -10.25 14.48 8.56 3.07 
Triggerfish cf. Melichthys niger 44.29 -12.52 13.95 11.00 3.18 
Kyphosidae cf. Kyphosus cinerascens 43.21 -16.50 14.14 11.11 3.06 
Pomacentridae cf. Pomacentridae 46.90 -17.13 15.48 11.08 3.03 
Bullethead Parrotfish cf. Chlorurus sordidus 48.20 -11.15 15.32 10.35 3.15 
Minifin Parrotfish Scarus cf. altipinnis 43.96 -10.40 13.83 7.64 3.18 
Green Sea Turtle* Chelonia mydas 40.16 -16.7 14.42 17.4 3.25 

 

As with the plant isotope values, the fish values also fit neatly into the ranges one 

would expect from Figure 1.  The δ15N values vary more widely than do the δ13C values, 

reflecting differences in trophic level.  These basic differences in the trophic levels of the 

fish will allow me to track any potential shifts in the types of fish being taken over time on 

Aitutaki. 
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Published values for high-level secondary carnivorous fish were used to supplement 

the samples taken from Aitutaki which were lacking in these deep-water fish.  These 

values were used in generating dietary models with IsoSource and IsoConc.  

Unfortunately, no shellfish were collected in Aitutaki, and published values were used to 

provide an average for use in the analysis.  The values used are listed below in Table 6.4. 

 

Table 6.4  Additional marine values used in the analysis (Ambrose et al. 
1997:346; Beavan-Athfield et al. n.d.; Yoshinaga et al. 1991:20) 

Common Name Scientific name δ13C  δ15N 
Barracuda Sphyraena barracuda -12.8 14.0 
Shark (sp.)  -16.9 13.0 
Shark (sp.)  -15.6 11.8 
Shark (sp.)  -14.2 12.9 
Marlin Makaira sp. -15.4 13.0 
Dolphin Fish Coryphaena hippurus -15.7 12.1 
Wahoo Acanthyocybium solandri -15.8 12.2 
Needlefish  -11.3 9.7 
    
Gastropod & Megagastropod   2.9 
Mean of 9 shellfish: 
Mussel 
Limpet 
Abalone 

 
Choromytilus sp. - filter feeders 
Patella sp.- grazers 
Haliotus- detritus feeders 

  
8.1 

Grass cerinth Bittium varium,  3.7 
Queen conch Strombus gigas  2.1 
Cockle Anadara antiquata (N=3) -8.4  
Giant clam Tridacna maxima -12.5  
Giant clam2 Tridacna maxima -15.6 4.3 
Thorny oyster Spondylus nicobaricus (N=6) -12.4  
Pen shell Pinna sp. -13.6  
False pearl oyster Isognomon isognomon (N=2) -15.6  

 

Three fish bone samples (Blue-finned Trevally, Doublespotted Queenfish and 

Yellow-lipped Emperor) were taken from the University of Auckland Department of 

Anthropology faunal reference collection in order to include larger pelagic species that are 

common in the archaeological record.  These samples were converted to the equivalent of 
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flesh values by subtracting 3.7‰ from δ13C (Keegan and DeNiro 1988:329) and 0.6‰ 

from δ15N values (Beavan-Athfield et al. n.d.). The resulting values seem far too depleted 

in δ15N for fish that are reportedly largely piscivorous in nature, with δ15N values 

approximately 3-5‰ more depleted than their published adult diets suggest they should be.  

For example the Yellow-lipped Emperor has a trophic level of 3.7 (Kulbicki et al. 2005), 

yet is more depleted in δ15N than the Blotcheye Soldier Fish and the Golden-lined Sea 

Perch, both which have a trophic level of 3.3 (Hobson 1974; Sano et al. 1984).  There is no 

indication that the samples were affected by diagenesis, nor should they have been as they 

were taken from fresh fish and were relatively recent.  The samples had been defleshed by 

boiling followed by further maceration in water and laundry detergent over a period of 

days. It has been shown that boiling or roasting does not affect δ13C and δ15N values by 

more than 1‰, although higher temperatures (burning or cremation) result in changes to 

δ13C of 5‰ and to δ15N of 4‰ (DeNiro et al. 1985:4).  It is unknown what effect 

detergent would have on isotope values.  Alternatively, the difference between expected 

δ15N values and those obtained may reflect the difference between adult and juvenile diet, 

with the juvenile fish eating a less carnivorous diet than their elders . 

Lastly, problems with the conversion values for bone to flesh must not discounted.  

This would be easily determined by analysing both flesh and bone from single individuals 

and establishing a conversion factor for fish from Aitutaki and surrounding regions. 

Given the apparently anomalous isotope values for these bone samples they were 

removed from further analysis. 

A modern turtle bone collected by Melinda Allen in the Marquesas was also 

analysed and returned highly enriched δ15N values (13.0) and fairly depleted δ13C (-18.0), 

initially unexpected in a species which as an adult has a largely herbivorous diet of sea 

grasses and algae.  
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Some crustaceans and other small animals are eaten by green turtles, but generally do not 

make up a significant proportion of the diet, although juveniles reportedly consume more 

animal matter than the adults (Arthur et al. 2006; Bjorndal 1997; Fuentes et al. 2006; 

Godley et al. 1998:281-2; Read and Limpus 2002).  Other δ13C and δ15N published 

regional values for Chelonia mydas are -10.4 and 21.7 (Leach et al. 2001) and -7.1 and 6.2 

(Yoshinaga et al. 1991).  Godley et al.’s (1998:280) analysis of δ13C and δ15N isotopes 

from Mediterranean Chelonia mydas populations also shows a great deal of variation, with 

bone collagen δ13C values that range from -25.7 to -7.7 (mean -15.4) and δ15N values from 

3.7 to 17.3 (mean 9.4).  Clearly there is the potential for a great deal of isotopic variation 

within a population and Dye’s (1990) work on radiocarbon dating of turtle bone in the 

Pacific also makes this point.  Therefore, it is difficult to say with any confidence how 

representative this turtle is of the whole population in the eastern Pacific, or whether turtle 

bone from the Marquesas is representative of turtles from the Cook Island region.  On the 

basis of this, the sample has not been included in further analysis.  Further work in the 

Cook Islands would benefit from analysis of local turtle bone as they were certainly eaten 

prehistorically on Aitutaki, although in fairly small numbers (Allen 1992:391-2). 

6.4.3 Basic analysis categories 

Figure 6.6 shows the relationship between the major analytical categories.  As 

discussed above, the Aitutaki plant samples divide neatly by δ13C into two distinct groups, 

C3 and CAM/C4.  The fish form a discrete cluster quite separate from the C3 plants based 

on δ13C , but very similar to the CAM/C4 sample, as would be expected given the general 

similarities between CAM/C4 plant and reef fish values.  Within the fish there is a clear 

trophic level (δ15N) separation between the samples when they are identified by diet. 
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Figure 6.6 Basic fish and plant analysis categories 

 

The categories used in the fish diet division were herbivore/omnivore, and 

carnivorous (1’ and 2’ carnivores). When all the samples are considered, the δ13C variation 

is not statistically significant (F=.368, p=.561); but as would be expected for categories 

based on trophic levels, the δ15N variation is.  A Levene's test of equality of error variances 

shows that the the two populations do not vary equally (F=6.14, p=.038).  Consequently a 

Kruskal-Wallis test, which does not assume homogenous variance, was performed and 

showed the two dietary categories are significantly different in their δ15N values (χ2=.545, 

p=.011).   
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The clear separation between the basic categories of plants and fish will allow for 

good differentiation between the various potential sources that may have contributed to the 

diet of humans, pigs and dogs on Aitutaki in prehistory. 

6.5 Human Results 

There are 24 samples in the human assemblage, originating from 20 individuals.  

There are two individuals with multiple samples—BEL 19.1-3 and BEL 21.1-3. In the 

analysis the bone sample values (as opposed to the teeth) will be used to represent these 

individuals as Figure 6.3 suggests that it reflects the adult diet well. 

The human δ13C and δ15N results form a tight cluster with two outliers that are 

characterised by enriched δ15N relative to the other samples (Figure 6.7).  As discussed 

above, some of the variation in δ15N can be accounted for by changes in the sources of 

protein an individual eats over their lifetime, in addition to the sources of δ15N variation 

identified in Chapter 4, and possibly some of the δ13C variation can be accounted for by 

changes in amount of marine or terrestrials foods over that lifetime. 

The two outliers are problematic.  Firstly, it is not possible to rule out the possibility 

that the two samples came from one individual.  Although care was taken to use samples 

that were not from the same stratigraphic layer in the same test pit, both of these samples 

(MR-1-48.7 and MR-1-211.7) are from test pits that are close to each other, TP2 and TP14 

(see Figure 3.10).  The samples are both molars and unfortunately one was too fragmentary 

to identify the precise position (it is either a second or third permanent molar) or side, 

which might have aided in determining whether they were from the same individual.  

Given that the human remains from Moturakau are not from discrete burials it is possible 

that remains from one individual may have been scattered across the site and thus 
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incorporated into the sediments in different areas.  Equally, the teeth may have been lost by 

a living person. 

Table 6.5: Human δ13C and δ15N results.  Machine error values are ± 0.1‰ 

for carbon and ± 0.3‰ or better for nitrogen.  *Outlier 

ACC No. Site Analytic 
Zone 

Material av. %C av. δ13C av. %N av. δ15N av. C:N 

98.1 AIT-10 C Bone 42.7 -15.4 15.2 11.9 3.3 
161.1 AIT-10 C Bone 43.9 -16.1 15.8 11.5 3.2 
BEL.2 AIT-10 C Bone 42.2 -16.7 14.9 10.4 3.3 
BEL.3 AIT-10 C Bone 38.5 -16.9 13.4 10.3 3.3 
BEL.19.1 AIT-10 C Tooth 43.3 -15.1 15.8 11.2 3.2 
BEL.19.2 AIT-10 C Tooth 42.5 -15.0 15.3 10.8 3.2 
BEL.19.3 AIT-10 C Bone 44.5 -14.2 16.0 11.3 3.3 
BEL.21.1 AIT-10 C Tooth 40.0 -15.0 14.6 11.0 3.2 
BEL.21.2 AIT-10 C Tooth 41.1 -13.6 15.0 11.3 3.2 
BEL.21.3 AIT-10 C Bone 42.4 -13.6 15.1 11.8 3.3 
BEL.25 AIT-10 C Tooth 38.3 -15.2 13.9 11.1 3.2 
BEL.26 AIT-10 C Bone 43.9 -13.5 15.8 11.5 3.2 
BEL.31 AIT-10 C Bone 43.7 -16.7 15.6 10.8 3.3 
303.1 AIT-10 G Bone 45.0 -14.6 16.4 11.0 3.2 
195.1 AIT-10 J Bone 46.0 -14.5 16.7 11.9 3.2 
194.1 AIT-10 J Bone 43.9 -14.9 15.7 12.0 3.3 
153.1 MR-1 C Bone 39.8 -16.8 14.2 12.9 3.3 
48.7* MR-1 D Tooth 40.5 -15.1 14.9 17.7 3.2 
211.7* MR-1 D Tooth 41.2 -14.2 15.2 18.4 3.2 
45 MR-1 E Tooth 44.8 -17.9 16.2 10.6 3.2 
89.3 MR-1 E Tooth 37 -16.6 13.8 12.6 3.1 
121.1 MR-1 E Tooth 39.6 -15.3 14.8 12.9 3.1 
136 MR-1 F Tooth 45.5 -17.9 16.6 11.2 3.2 
138 MR-1 H  Bone 40.5 -17.6 14.8 11.2 3.2 
 

 

Secondly, the human sample size is very small overall, and the Moturakau one even 

smaller – and given this it is simply not possible to know how these two samples relate to 

the normal population range.  It may be these samples are simply part of the normal range 

of isotopic variation for humans at that time on Aitutaki but owing to the small sample size 

this range is incompletely represented.  Alternatively, they may indeed be outliers and 
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show an individual or individuals either consuming a diet radically different from the rest 

of the population, or exposed to dehydration or starvation.   
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Figure 6.7  Human δ13C and δ15N results 

 

Other similarly 15N enriched individuals have been found in the Pacific (Leach and Ward 

1981; Valentin et al. 2007; West 2007) and it appears that this is not an isolated 

phenomenon (see Chapter 7 for further discussion of these samples). Given the uncertainty 

surrounding the meaning of these isotopic values, they are excluded from further analysis. 

There is far more variation in δ13C values (marine or terrestrial sources) than in the 

δ15N values (trophic level of food sources).  δ13C varies by 4.4‰ and δ15N varies by 2.6‰.  

The mean δ13C value is -15.4, and the mean δ15N value is 11.4.  
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6.5.1 Diet 

In order to directly compare the human bone collagen results to the background 

isotopic values, it is necessary to adjust the values to approximate the diet that was 

consumed, rather than the enriched bone collagen that has been analysed.  As was 

discussed in Chapter 4, both δ13C and δ15N values are enriched as they progress up the 

food chain.  Following Bocherens(2003), DeNiro (1978; 1981) and Minagawa (1984), for 

subsequent analyses I will use -1‰ for carbon, and -3‰ for nitrogen.  Overall, as would be 

expected given their limited variation, the adjusted human values sit in a very tight cluster 

between marine and terrestrial sources indicating a mixed diet. 
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Figure 6.8 Adjusted human values compared to background diet 
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6.5.2 IsoSource and IsoConc 

Two statistical models recently developed for isotope analysis were described in 

Section 4.8.  When using the models IsoConc and IsoSource to further refine dietary 

models, it is necessary to adjust the mixture values (isotopic values of the diet one is 

interested in) to account for any trophic fractionation, and all the values to standardise 

different body tissues, as well as compensate for any anthropogenic effects on modern 

δ13C or δ15N values from recent samples.   

Table 6.6 Adjustments made to mixture values for IsoConc and IsoSource 

Conversion δ13C  δ15N 
Bone collagen to flesh equivalent -3.7‰ -0.6‰ 
Consumer values converted to diet values +1.0‰ +3.0‰ 
Suess effect Terrestrial +1.5‰  

 Marine +0.86‰  
Modern fertiliser  +3.0‰ 

 

The adjustments made here are summarised in Table 6.6.  In order to include 

C4/CAM plants in the IsoConc calculations (which only allow three mixture values), the 

C3 plant value was adjusted to include 3% C4/CAM, following the amounts found in the 

diet by Leach (2000).   

The ‘mammal protein’ category is an average of pig and dog values.  The ‘animal 

protein’ category includes not only pig and dog, but also published values for chicken 

(Minagawa pers.comm.), fruit bat and coconut crab (Ambrose et al. 1997).   

Table 6.7 summarises the values used in the IsoConc and IsoSource calculations, after the 

above conversions have been applied. 
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Table 6.7  Mixture values used with IsoConc and IsoSource 

IsoConc δ13C δ15N %C %N C:N 
Dietary sources      
Animal protein -18.6 11.0    
Mammal protein -18.4 14.4 40.6 14.0 3.3 
Marine -11.6 12.0 43.8 14.0 3.2 
Plant (including 3% C4) -23.1 9.5 42.1 1.7  
      
IsoSource       
Dietary sources      
Carnivorous Fish -12.6 15.7 42.4 13.67 3.30 
Herb/Omni Fish -11.0 12.9 45.1 14.36 3.15 
Shellfish -11.2 7.2    
C3 plant nitrogen adjusted -23.5 9.5 42.5 1.7 44.7 
C4 Plant -9.9 11.4 29.3 2.5 11.5 
Dog -16.8 15.1 40.0 13.7 3.2 
Pig -20.0 13.7 41.3 14.4 3.4 
      
Average human bone -15.5 11.4 41.8 14.9 3.3 
Average pig bone -17.4 11.1 41.3 14.4 3.4 
Average dog bone -14.1 12.7 40.0 13.7 3.2 
 

Initially the ‘mammal protein’ mixture value was used in the human IsoConc 

calculations (Table 6.8, Run 1) and returned negative results.  This suggests that there is an 

important dietary source missing from the input values, or that a dietary source not eaten in 

prehistory was included.  Chicken, fruit bat and coconut crab isotope values were then 

added to the ‘mammal’ values to form a category referred to here as ‘animal protein’ and 

this combination returned positive values (Run 2).  IsoConc shows terrestrial protein 

(35.4%) and marine protein (47.7%) were important components in the average human 

diet, with only a small contribution by terrestrial plants (16.9%).  In order to determine 

whether the differences in the age of sample formation were affecting the IsoConc results, 

a second run was carried out using only adult values for both the average human bone 

values, as well adult pig and dog values in the diet mixture.  This did not produce results 

differing greatly from those of the entire human assemblage.  Therefore, the entire 

assemblage will be used for the following IsoConc and IsoSource calculations. 
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Table 6.8 Average human IsoConc results 

Run 1 % diet biomass  Run 2 % diet biomass 
Mammal protein -10.0  Animal protein 35.4 
Plant 40.9  Plant 16.9 
Marine 69.1  Marine 47.7 

 
 

IsoSource calculations were carried out using the ‘animal protein’ category, given 

the negative results the ‘mammal protein’ gave for IsoConc.  Calculations were not carried 

out on the adult-only values given that they are not significantly different from the 

assemblage as a whole, and do not give different IsoConc outputs. 

It is important when interpreting IsoSource results to focus not on the mean but on 

the entire range of results.  Phillips and Gregg (2003:262) suggest using the 1-99th 

percentile values rather than the minimum and maximum figures as this way the most 

extreme outliers are removed (Table 6.9).   

 

Table 6.9: Average human IsoSource results 

   Carn Fish Omni/Herb fish Shellfish C3 Plant C4 Plant Animal Protein 
Human Mean  13.7 17.5 8.6 20.4 13.8 26 
n=265452 Percentiles 1 0 0 0 0 0 0 
  50 13 16 8 21 13 24 
  99 34 49 23 37 37 61 
 Std. 

Deviation 
 8.3 12.6 5.9 10.4 9.6 17.3 

 

Overall the IsoSource results (Table 6.9, Figure 6.9) indicate that marine foods (fish and 

shellfish) were more important in the diet than land animals such as pigs, dogs and 

chickens.   
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Figure 6.9 Human mean and 1st and 99th percentile IsoSource results  

 

Within this category omnivorous fish were slightly more important than carnivorous fish, 

and both fish categories were more important than shellfish.  ‘Animal protein’ had the 

largest standard deviation, indicating a great deal of uncertainty as to its true contribution, 

possibly reflecting the absence of important dietary sources.  As a category plants were an 

important part of the diet, with more C3 plants eaten than C4. 

6.5.3 Change over time 

The human samples from both Ureia and Moturakau are small, and unequally 

distributed across the stratigraphic zones, making it hard to assess temporal changes.  I 

looked for localised changes by analysing the assemblage by site, then combined all the 

samples into one assemblage to assess change across the whole island.  
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Table 6.10 Human δ13C and δ15N values by time period 

ACC No. Site δ13C  δ15N 
AD 1600-1850    
98.1 AIT-10 -15.4 11.9 
161.1 AIT-10 -16.1 11.5 
BEL.19.3 AIT-10 -14.2 11.3 
BEL.2 AIT-10 -16.7 10.4 
BEL.21.3 AIT-10 -13.6 11.8 
BEL.25 AIT-10 -15.2 11.1 
BEL.26 AIT-10 -13.5 11.5 
BEL.3 AIT-10 -16.9 10.3 
BEL.31 AIT-10 -16.7 10.8 
153.1 MR-1 -16.8 12.9 
 Mean -15.5 11.4 
AD 1200-1400    
303.1 AIT-10 -14.6 11.0 
194.1 AIT-10 -14.9 12.0 
195.1 AIT-10 -14.5 11.9 
45 MR-1 -17.9 10.6 
89.3 MR-1 -16.6 12.6 
121.1 MR-1 -15.3 12.9 
136 MR-1 -17.9 11.2 
138 MR-1 -17.6 11.2 
 Mean -15.9 11.8 

 

An ANOVA on the date categories of AD 1200-1400 and AD 1600-1850 (Table 6.10) 

showed no significant differences in δ13C or δ15N for either Ureia (Figure 6.10) or 

Moturakau (Figure 6.11), but there are some general patterns in the results that may 

suggest change in the diet over time.  At Ureia the earliest samples from Zone J (with δ15N 

values of 12.0 and 11.9 in the AD 1200-1400 period) have the most enriched δ15N values, 

suggesting that earlier individuals may have been consuming foods more enriched in 15N, 

perhaps carnivorous fish for example, than those from later time periods.  The Moturakau 

results suggest a different pattern, with the individual from the AD 1600-1850 date 

category (Zone C) having enriched δ15N values compared to many from the earlier time 

periods. 
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Figure 6.10  Ureia (AIT-10) - Human isotope ratios by time period 
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Figure 6.11 Moturakau (MR-1) - Human isotope ratios by time period 
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Interestingly, Zone E, which comprises half of the samples that date to AD 1200-

1400, is a storm deposit (Allen 1992:174), and may contain cultural deposits and faunal 

deposits from Zone F below as suggested by the stratigraphy, and less likely, from Zone D 

above.  Figure 6.12 shows the relationship between the Zone E samples and the samples 

from the Zones before and after. 
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Figure 6.12 Moturakau (MR-1) isotope values by stratigraphic zone 

 

When the samples from both Ureia and Moturakau were combined together in a 

larger assemblage (Figure 6.13), an ANOVA showed no significant change over time in 

δ13C (F=1.397, p=.278) or δ15N (F=1.565, p=.241).  Essentially, the two opposing trends at 

Ureia and Moturakau cancel each other out. 
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Figure 6.13 Human isotope values over time – combined assemblages 

 

No IsoSource calculations were carried out for the changes over time because there 

were no significant differences between time zones. 

The lack of visible change is matched by the lack of difference in the degree of 

variability over time.  When the variation in δ13C and δ15N values in the time periods AD 

1200-1400 and AD 1600-1850 is compared, neither the δ13C and δ15N values show any 

changes (Figure 6.14) 
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Figure 6.14 Variability in human δ13C and δ15N values by time period  

 

6.5.4 Site  

A t-test indicates that there is no significant difference between the Ureia and 

Moturakau δ15N values (F=.376, p=.694), but there is a significant difference between the 

δ13C values (F=7.106, p=.008).  A Levene’s Test (F=3.551, p=.059) shows that the 

inequality of the variance between Ureia and Moturakau is almost significant, so a 

Kruskal-Wallis test was used as well as the t-test, and it also showed significant differences 

(χ2=6.774, p=.009). Figure 6.15 shows that overall the Moturakau values are more 

depleted in δ13C than those of the Ureia individuals, indicating a larger terrestrial 

component to their protein intake, although their δ15N values indicate that the sources of 

this protein were similarly enriched. 
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Figure 6.15  Mainland vs. Moturakau human values 

 

6.6 Pig Results  

There are 28 samples in the pig assemblage, from 25 individuals.  There are two sets 

of multiple samples from two individuals: 17.1-17.3 and 279.1-279.4.  In the analysis the 

bone sample values will be used to represent these individuals as Figure 6.3 suggests that it 

reflects the adult diet well.  Samples 276.1-276.3 are potentially from the same individual 

but were not found together in a jaw so it is not possible to determine their exact 

relationship.  They are treated separately in the analysis.  Unlike the human samples, the 

pig samples come from all four sites and are spread relatively evenly across the 

stratigraphic zones. 
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Table 6.11 Pig δ13C and δ15N results. Machine error values are ± 0.1‰ for 

carbon and ± 0.3‰ or better for nitrogen. 

ACC 
No. 

Site Analytic 
Zone 

Material av. %C av. δ13C av. %N av. δ15N av. C:N 

17.1 AIT-10 Zone B bone 36.5 -17.0 13.2 9.5 3.2 
17.2 AIT-10 Zone B tooth 35.4 -17.5 12.6 9.2 3.3 
17.3 AIT-10 Zone B tooth 39.5 -16.9 14.2 11.2 3.2 
96.1 AIT-10 Zone A tooth 38.7 -15.3 13.6 10.1 3.3 
115.2 AIT-10 Zone E bone 35.8 -18.6 12.7 11.7 3.3 
117.1 AIT-10 Zone G bone 44.0 -16.3 15.6 12.2 3.3 
276.1 AIT-10 Zone C/D tooth 44.7 -17.5 16.0 9.8 3.3 
276.2 AIT-10 Zone C/D tooth 41.9 -18.0 14.6 9.0 3.4 
276.3 AIT-10 Zone C/D tooth 41.6 -17.2 14.9 10.6 3.3 
279.1 AIT-10 Zone E bone 29.1 -16.3 9.7 10.1 3.5 
279.2 AIT-10 Zone E tooth 40.1 -16.9 14.2 11.0 3.3 
279.3 AIT-10 Zone E tooth 39.2 -17.4 14.0 11.3 3.3 
279.4 AIT-10 Zone E tooth 38.7 -17.3 14.0 9.1 3.2 
285.3 AIT-10 Zone G tooth 49.7 -17.8 14.8 15.3 3.4 
12.1 AIT-49 Zone E bone 49.8 -18.3 16.8 12.8 3.0 
19.2 AIT-49 Zone G bone 43.7 -16.6 16.9 9.9 3.0 
20.1 AIT-49 Zone E bone 36.4 -18.8 13.6 10.9 3.1 
8.1 AIT-50 Zone E bone 44.6 -16.5 15.0 14.6 3.0 
9.1 AIT-50 Zone G tooth 40.8 -14.3 14.5 10.9 3.3 
29.1 AIT-50 Zone E bone 44.2 -17 15.2 11.6 3.4 
44.3 AIT-50 Zone E tooth 41.1 -18.4 15.1 11.6 3.2 
90.7 MR-1 Zone F tooth 38.1 -17.5 13.9 11.1 3.2 
3.1 MR-1 Zone A tooth 42.5 -18.4 15.9 8.4 3.1 
5.1 MR-1 Zone A bone 53.6 -18.3 18.1 11.5 3.0 
14.1 MR-1 Zone B bone 50.1 -18.4 16.9 10.6 3.0 
67.1 MR-1 Zone F tooth 50.6 -17.1 17.0 14.6 3.0 
235.1 MR-1 Zone H bone 40 -16.9 14.9 11.5 3.1 
43.1 MR-1 Zone D tooth 41.5 -16.4 15.4 10.5 3.1 

 

6.6.1 Results 

Figure 6.16 shows the variation within the pig values is largely in δ15N, reflecting 

differences in their access to nitrogen-enriched foods, rather than whether those foods were 

terrestrial or marine.  This is seen in the fairly tight range of the majority of the δ13C values 

which vary by 4.3‰ compared to a δ15N range of 6.9‰.   
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Figure 6.16 Pig δ13C and δ15N values 

 
As discussed above some of this δ15N variation may be attributable to differences in the 

age the samples were formed at, and some of it is a result of changes in pig diet over time 

(see below).  However, within time periods (Table 6.14) the variation is still largely in the 

δ15N values. The mean value for the pig samples is -17.5 for δ13C and 11.3 for δ15N. 

6.6.2 Diet 

In Figure 6.17, the adjusted archaeological pig values sit between the terrestrial 

plants and the marine fish indicating a diet composed of food from both sources in roughly 

equal amounts, although with more marine input from the omnivorous/herbivorous fish 

than from carnivorous ones. 

As with the human samples, IsoConc was run with both ‘mammal protein’ (Table 

6.12 Run 1) and ‘animal protein’ (Run 2) on the entire assemblage.  The adult-only values 

were not significantly different for either δ13C (F=.874, p=.355) or δ15N (F=1.363, p=.249) 

so the entire pig assemblage was used in the analysis.   
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Figure 6.17  Adjusted pig δ13C and δ15N values compared to background 
diet 

 
The ‘mammal protein’ values did not produce positive results, indicating that the pigs were 

not consuming foods with these isotopic signatures; either an unused source has been 

included or a used source excluded.  The ‘animal protein’ values did produce results.  

Terrestrial animals assumed the greatest importance in the diet at almost 50%, followed by 

marine animals at 29.4% and then plants at 20.9%.  

 

Table 6.12 Pig IsoConc results 

Run 1 % diet biomass  Run 2 % diet biomass 
Mammal protein -7.4  Animal protein 49.6 
Plant 55.2  Plant 20.9 
Marine 52.2  Marine 29.4 

 

Based on the results from IsoConc, the ‘animal protein’ values were used in the 

IsoConc calculations.  As can be seen in Table 6.13 and Figure 6.18, the average pig diet 
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was comprised of marine and terrestrial animals in roughly equal amounts and slightly 

more C3 and C4/CAM plants.   

 

Table 6.13 IsoSource results for Pig diet 

   Carn. 
Fish 

Omni/Herb. 
Fish 

Shellfish C3 Plant C4 Plant Animal 
Protein 

Pig Mean   14.4 12.3 4.6 30.8 7.6 30.3 
n=3393 Minimum  0 0 0 14 0 0 
 Maximum  37 50 20 51 31 85 
 Percentiles 1 0 0 0 1 0 0 
  50 14 10 4 33 6 26 
  99 31 38 15 50 24 80 
 Std. Dev. 

Deviation 
 6.9 9.6 3.8 13.1 6.1 22 

 

Within the marine protein category, fish was most important, with fairly even 

amounts of both types, and only small amounts of shellfish were consumed.   
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Figure 6.18 Pig mean and 1st and 99th percentile IsoSource results 

 
Although the specific proportions of the terrestrial component differs between IsoConc and 

IsoSource (means), they both estimate the amount of terrestrial foods in the diet at 

approximately 70% and marine at 30%. 
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As with the human IsoSource results, the large standard deviation for ‘animal 

protein’ category would seem to indicate a degree of uncertainty as to how well those 

values match the reality of the types of terrestrial protein pigs were consuming in 

prehistory.  

 

Table 6.14  Pig δ13C and δ15N values by time period 

ACC No. Site δ13C  δ15N 
Modern    
96.1 AIT-10 -15.3 10.1 
17.1 AIT-10 -17.0 9.5 
3.1 MR-1 -18.4 8.4 
5.1 MR-1  -18.3 11.5 
14.1 MR-1 -18.4 10.6 
3.1 MR-1 -18.4 8.4 
5.1 MR-1 -18.3 11.5 
14.1 MR-1 -18.4 10.6 
 Mean -17.7 10.1 
AD 1600-1850    
276.1 AIT-10 -17.5 9.8 
276.2 AIT-10 -18.0 9.0 
276.3 AIT-10 -17.2 10.6 
 Mean -17.6 9.8 
AD 1400-1600    
12.1 AIT-49 -18.3 12.8 
20.1 AIT-49 -16.6 9.9 
19.2 AIT-49 -18.8 10.9 
8.1 AIT-50 -16.5 14.6 
29.1 AIT-50 -17 11.6 
44.3 AIT-50 -18.4 11.6 
43.1 MR-1 -16.4 10.5 
 Mean -17.5 12.1 
AD 1200-1400    
115.2 AIT-10 -18.6 11.7 
279.1 AIT-10 -16.3 10.1 
117.1 AIT-10 -16.3 12.2 
285.3 AIT-10 -17.8 15.3 
9.1 AIT-50 -14.3 10.9 
67.1 MR-1 -17.1 14.6 
235.1 MR-1 -16.9 11.5 
90.7 MR-1 -17.5 11.1 
 Mean -17.0 11.7 

 

6.6.3 Time 

The pig values are spread across all four time periods: AD 1200-1400, AD 1400-

1600, AD 1600-1850 and Modern (Table 6.14). Again, I looked for localised changes by 
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analysing the assemblages by site, then combined all the samples into one assemblage to 

assess change across the whole island. There were not enough samples from Aretai to 

show change over time. 

An ANOVA comparing the Ureia time periods of AD 1200-1400 (n=4), AD 1600-

1850 (n=3) and Modern (n=2) shows the differences over time approaching significance 

(F=4.504, p=.064), and a Tukey’s HSD test shows this difference is between the time 

periods of AD 1200-1400 and AD 1600-1850 (p=.086) (Figure 6.19).  There was no 

change in δ13C (F=1.340, p=.330).  The earliest samples, Zone G, are the most δ15N 

enriched, followed by the samples from the second-oldest layer, Zone E. 
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Figure 6.19  Ureia (AIT-10) Pig isotope ratios by time period 

 

An ANOVA on the Moturakau pig samples using the date categories of AD 1200-

1400 (n=3), AD 1400-1600 (n=1) and Modern (n=3) also seems to show more depleted 

δ15N values over time, although the differences between AD 1200-1400 and the Modern 
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values are not significant (F=1.273, p=.373).  There is, however, a significant difference in 

the δ13C values between those two periods (F=37.148, p=.003), with the earlier samples 

more enriched in δ13C than the later ones.  The one sample from the period AD 1400-1600 

has slightly more enriched δ13C values than the AD 1200-1600 period, but similar δ15N 

values.  The small sample size limits what can be said about these results, whether they 

reflect changes in the diet of the population or simply individual variation is not possible to 

determine. 
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Figure 6.20  Moturakau (MR-1) Pig isotope ratios by time period 

 

The ANOVA on the Hosea date categories of AD 1200-1400 (n=1) and AD 1400-

1600 (n=4) does not show a significant change over time in either the δ13C values 

(F=7.218, p=.115) or δ15N (F=.721, p=.485), although the sample from AD 1200-1400 

appears more enriched in δ13C than the later samples from AD 1400-1600 (Figure 6.21).  

As with all the site assemblages, the small numbers of samples in the Hosea assemblage 
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makes it difficult to separate individual variation from changes in diet for the whole 

population. 
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Figure 6.21  Hosea (AIT-50) Pig isotope ratios by time period 

 

Unlike the human samples, there are no significant differences between the pig 

values from the mainland (n=17) and Moturakau (n=7) for either δ13C (F=.668, p=.422) or 

δ15N (F=.274, p=.606).  The pig samples were combined into a larger assemblage using the 

date categories AD 1200-1400 (n=7), AD 1400-1600 (n=7), AD 1600-1850 (n=3) and 

Modern (n=5) (Figure 6.22).  An ANOVA indicates that there is no significant difference 

between the four date categories on their own for δ13C (F=.333, p=.802) or δ15N (F=2.430, 

p=.099), but Figure 6.22 shows two clusters, an earlier one dating to AD 1200-1600 and a 

later one dating from AD 1600 to Modern; these are significantly different from each other 

in δ15N values (F=7.687, p=.012) but not in the δ13C values (F=.309, p=.585).  The 
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samples from the early period tend to be more enriched in δ15N than those from the later 

period.   
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Figure 6.22 Pig isotope ratios by time period – all values 

 

The pig assemblage varies most in its δ15N values, indicating, in turn, differences in 

the δ15N values of the foods eaten.  When this variation is broken down over time (Figure 

6.23), it is apparent that the diet became slightly more restrictive over time, particularly 

between the periods AD 1400-1600 and AD 1600-1850.  Variation increases again after 

AD1850. 
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Figure 6.23 Variability in pig δ13C and δ15N values by time period 

 

This reduction in variation is also apparent in the δ13C values, as is the increase in variation 

post AD 1860. 

 

Table 6.15 Pig IsoSource results over time 

Time 
period AD 

 Carnivorous Fish Herb/Omni 
Fish 

Shellfish C3 Plant C4 Plant Animal Protein 

1200-1400 Mean 28.6 10.3 3.8 38.8 6.3 12.2 
 1 %ile 16.0 0 0 24.0 0 0 
 99 %ile 39.0 33.0 13.0 46.0 21.0 39.0 
1400-1600 Mean 38.0 5.7 2.0 43.5 3.4 7.3 
 1 %ile 30 0 0 34.0 0 0 
 99 %ile 3.0 4.8 1.9 3.5 3.0 6.1 
1600-1850 Mean 4.6 6.6 13.5 42.4 8.6 24.2 
 1 %ile 0 0 0 25.0 0 0 
 99 %ile 14.0 20 29.0 54.0 27.0 64.0 
Modern Mean 5.9 8.3 10 43.3 10.1 22.3 
 1 %ile 0 0 0 25.0 0 0 
 99 %ile 17.0 25.0 24.0 55.0 32.0 61.0 
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When examining the IsoSource results for change over time in the pig values (Table 

6.15, Figure 6.24), it is clear that there has been a shift in the type of diet over time.  The 

trend is toward less carnivorous fish, but an increase in the other types of marine food 

particularly shellfish, and a greater emphasis on terrestrial dietary sources. 

The pig isotope results indicate both a depletion in δ15N values around AD 1600, as 

well as an increase in the importance of terrestrial foods, and this is reflected in the 

IsoSource results that show an increase in dietary sources that tend to be more depleted in 

δ15N such as terrestrial protein and shellfish (Table 6.15, Figure 6.24). 
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Figure 6.24 Mean pig IsoSource values over time 

 

6.6.4 Site 

An ANOVA indicates that the only significant differences between sites is that 

between AIT-10 and AIT-49 δ13C values (p=.048).  However, since the Levene's is very 
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close to being significant (F=2.763, p=.06) and the sample size so small, a Kruskal-Wallis 

test was also carried out.  It indicated no significant difference between any of the sites (χ2 

4.031, p=.258).  These results suggest that there were similar pig husbandry practices 

throughout the various districts of the main island. 

6.7 Dog Results 

There are 12 dog bone samples in the assemblage, representing 12 individuals (Table 

6.16).  It is a small assemblage and only represents the three mainland sites; there was no 

dog bone from Moturakau that was suitable for analysis. 

 

Table 6.16 Dog δ13C and δ15N results. Machine error values are ± 0.1‰ for 
carbon and ± 0.3‰ or better for nitrogen. 

ACC No. Site Analytic Zone av. %C δ13C %N δ15N C:N 
102.2 AIT-10 Zone G 41.7 -10.4 15.2 12.1 3.2 
226.1 AIT-10 Zone E 41.5 -14.3 14.6 11.1 3.3 
226.2 AIT-10 Zone E 40.6 -13.6 14.8 12.4 3.2 
240.1 AIT-10 Zone C/D 32.4 -13.7 11.5 11.9 3.3 
285.2 AIT-10 Zone G 41.3 -11.8 15.9 11.3 3.0 
2.1 AIT-49 Zone B 31.9 -11.9 9.9 12.8 3.2 
12.2 AIT-49 Zone E 32.2 -17.3 9.3 13.0 3.4 
2.2 AIT-50 Zone E 42.4 -14.3 14.5 14.9 2.9 
23.1 AIT-50 Zone G 51.0 -14.7 17.5 14.6 2.9 
37.1 AIT-50 Zone E 27.5 -12.6 9.1 11.1 3.5 
44.1 AIT-50 Zone E feature 2 45.4 -14.4 15.9 12.5 3.3 
44.2 AIT-50 Zone E feature 2 35.7 -17.4 12.9 11 3.2 
 
 

As with the human samples, and in contrast to the pig, variation in the isotope values 

of the dog samples centres on whether their food was more terrestrial or marine (δ13C 

values vary by 7‰) rather than on the δ15N values of the dietary sources each individual 

consumed (δ15N values vary by 3.9‰). The mean δ13C value is -14.1 and the mean δ15N 

value is 12.7.  Figure 6.25 illustrates this spread in δ13C values. 
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Figure 6.25  Dog δ13C and δ15N values 

 

6.7.1 Diet 

The position of the adjusted dog values against the background dietary values 

(Figure 6.26) indicates that they were consuming a great deal of marine protein, although 

there was a certain amount of terrestrial content in their diet as well.  With respect to the 

former, they appear to be eating more herbivorous/omnivorous fish than carnivorous fish.  

In contrast with the human and pig results, the dog IsoConc results (Table 6.17) only 

produced positive results  when ‘mammal protein’ value was used (Table 6.17, Run 1), not 

the ‘animal protein’ that also contains chicken, fruitbat and coconut crab values (Run 2).   
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Figure 6.26 Adjusted dog δ13C and δ15N values compared to background 
diet 

 

Dogs were almost certainly eating other types of terrestrial food, but it seems to have had 

more enriched δ15N values than the sources for human and pigs.  The results indicate that 

marine was the most important component of the average dog diet, followed by land 

mammals and a very small proportion of plants.   

 

Table 6.17 Dog IsoConc results 

Run 1 % diet 
biomass 

 Run 2 % diet biomass 

Mammal protein 29.6  Animal protein -73.5 
Plant 5.2  Plant 72.0 
Marine 65.3  Marine 101.5 
 

IsoSource results  

Based on the IsoConc results, ‘mammal protein’ values were used for the dog 

IsoSource calculations. 
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Table 6.18  IsoSource results for Dog diet 
   Carn. Fish Omni/Herb. Fish Shellfish C3 Plant C4 Plant Mammal 
Dog Mean   21.7 20.5 9.6 10.4 16 21.8 
n=249138 
 

Minimum   0 0 0 0 0 0 

 Maximum   61 69 31 23 53 50 
 Percentiles 1 0 0 0 0 0 0 
   50 21 18 9 10 14 22 
   99 51 57 26 22 44 45 
 Std. Dev.  13 14.8 6.6 6.0 11.5 12.1 

 

The IsoSource results follow the same general form as the IsoConc results for dog, 

with marine being the most important category in the diet.  Herbivorous/Omnivorous and 

Carnivorous fish contribute equal amounts, and shellfish much less.  IsoSource emphasizes 

the plant component more than IsoConc, although plants only contribute an estimated one 

quarter of the diet.   
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Figure 6.27 Dog mean and 1st and 99th percentile IsoSource results 

Interestingly, unlike the human and pig results, the mean C4 component in the dog diet is 

higher than the C3.  It would seem unlikely that the dogs were eating the C4 plants directly 
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given they are largely grass species, along with sugar cane and candlenut, but a herbivore 

consuming those plants may have been an important part of dog diet and not of human or 

pig.  

6.7.2 Change over Time 

Four date categories were used in the dog analysis, AD 1200-1400, AD 1400-1600, 

AD 1600-1850 and Modern (Table 6.19). The latter two categories contain only one 

sample each. 

 

Table 6.19 Dog δ13C and δ15N values by time period 

ACC No. Site δ13C  δ15N 
Modern    
2.1 AIT-49 -11.9 12.8 
AD 1600-1850       
240.1 AIT-10 -10.4 12.1 
AD 1400-1600    
12.2 AIT-49 -17.3 13.0 
2.2 AIT-50 -14.3 14.9 
37.1 AIT-50 -12.6 11.1 
44.1 AIT-50 -14.4 12.5 
44.2 AIT-50 -17.4 11 
   Mean -14.9 12.5 
AD 1200-1400    
226.1 AIT-10 -14.3 11.1 
226.2 AIT-10 -13.6 12.4 
102.2 AIT-10 -13.7 11.9 
285.2 AIT-10 -11.8 11.3 
23.1 AIT-50 -14.7 14.6 
 Mean -13.6 12.9 

 

As with the human and dog samples, I looked for localised changes by analysing the 

assemblage by site, then combined all the samples into one assemblage to assess change 

across the whole island. 
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Figure 6.28 Ureia (AIT-10) Dog isotope ratios by time period  

 

The dog assemblages from Ureia and Hosea are very small and the evidence for 

shifts in diet must be treated with extreme caution.  There were not enough samples from 

Aretai to show change over time.   

The results from Ureia show earlier samples (AD 1200-1400) tend to have more 

depleted δ13C values compared to later ones (AD 1600-1850).  The Hosea dog from the 

earliest period (AD 1200-1400) appears to have been more enriched in 15N than most of 

the dogs we have from the period AD 1400-1600 (Figure 6.29).   

When the dog isotope values from Ureia, Hosea and Aretai are combined together to 

form a larger island-wide assemblage using the date categories of AD 1200-1400 (n=5), 

AD 1400-1600 (n=5), AD 1600-1850 (n=1) and Modern (n=1), an ANOVA shows that  

there is no significant change over time in δ13C values (F=.2.984, p=.096), or δ15N values 

(F=.058, p=.980).   
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Figure 6.29  Hosea (AIT-50) Dog isotope ratios by time period 

 

Although the differences between time periods are not significant, the combined results do 

suggest that there were changes in the dog diet.  The AD 1400-1600 population contains 

the two dogs with the most terrestrial diets, although the similar δ15N values across all time 

periods suggests the δ15N value of their dietary components was steady throughout 

prehistory.  The two post-AD 1600 samples show that during this period some dogs had a 

much more marine diet than any of the sampled dogs from earlier times, whether this was 

true of the other dogs during those periods is not possible to say. 

As the dog samples did not show any significant change over time and the date 

categories constituted such small assemblages, I did not feel it was appropriate to use 

IsoSource to characterise the diet.  There was no evidence of change in variability over 

time in the dog diet, and this is quite possibly due to the very small sample size. 
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Figure 6.30 Dog isotope ratios by time period – all values 

 

6.7.3 Site 

The values from the three Mainland sites are evenly spread and there are no 

significant differences between them for either δ13C (F=.466, p=.640) or δ15N(F=.064, 

p=.939).  There does not appear to have been any difference in the way dogs were treated 

across the main island. 

6.8 All species compared 

Figure 6.31 shows all the δ13C and δ15N values for the three species together.  What 

is immediately apparent is that the pig and human values are very similar in δ13C and δ15N 

values, and while the dog has similar, if slightly enriched δ15N values, they also have the 

most enriched δ13C values in the assemblage. 
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Figure 6.31  Human, pig and dog δ13C and δ15N values 

 

In order to remove any influence of the age of sample formation, the adult-only 

values were used for the statistical analysis (Figure 6.32).  A Tukey’s HSD on the δ13C 

values shows that pigs are significantly different from humans (F=.4617, p=.000) and dogs 

(F=.6146, p=.000) in the source of their food, but dogs and humans are not significantly 

different from one another (F=.6285, p=.131).  The pig δ15N values vary widely; but a 

Mann-Whitney test shows no significant difference between them and human (U=155.0, 

p=.662) or dog δ15N values (U=42.0, p=.130).  A Mann-Whitney test on the human and 

dog δ15N values shows that they were eating foods with significantly different (U=26.0, 

p=.034) δ15N values. 
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Figure 6.32 Adult human, pig and dog ranges compared 

 

Humans and pigs resemble were eating foods similar in δ15N values, but differed in 

whether that food tended to be terrestrial or marine.  The humans and dogs were eating a 

different diet, but ate similar proportions of marine and terrestrial foods. 

6.8.1 Change over Time 

Four date categories were used when testing for changes in diet over time—AD 

1200-1400 (n=21), AD 1400-1600 (n=12), AD 1600-1850 (n=14) and Modern (n=6).  The 

ANOVA test indicates that there is a significant difference (F=3.107, p=.035) between the 

δ15N values of all the samples over time, but not the δ13C values (F=.662, p=.579).  
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A Tukey’s HSD on the δ15N values shows that the difference in δ15N values is between the 

time periods AD 1200-1400 and Modern (p=.087).  Figure 6.33 shows these differences 

clearly, with the earlier AD 1200-1400 and 1400-1600 samples forming one group with 

more enriched δ15N values, and the later AD 1600-1850 and Modern samples comprising a 

second group with more depleted δ15N values.  The difference between the early and late 

groups’ δ15N values is highly significant (F=8.766, p=.005). 

The overall trend shows earlier individuals from the earlier period AD 1200-1600 are 

consuming foods with more enriched 15N values than the individuals from the later AD 

1600-contact/Post-contact era which are significantly more depleted in δ15N. 

Mean values for the periods AD 1200-1600 and AD 1600-Modern were used to 

generate IsoSource results in order to gain some idea of what kind of diet might 

characterise the two main time periods (Table 6.20, Figure 6.34 and Figure 6.35).   

 

Table 6.20  IsoSource – change in diet for all species together 

  Carnivorous 
Fish 

Herb/Omni 
Fish 

Shellfish C3 
Plant 

C4 
Plant 

Animal 
protein 

AD 1200-
1600 

1 %ile 26 0 0 14 0 0 

 99 %ile 48 33 13 37 21 40 
 Mean 38.3 10.1 3.8 29.2 6.2 12.4 

AD 1600-
modern 1 %ile 0 0 0 11 0 0 

 99 %ile 30 42 25 42 40 59 
 Mean 13.7 15.4 8.2 30.6 12.7 19.5 
 

 

The earlier time period of AD 1200-1600 is characterised by a heavy reliance on 

carnivorous fish which declines markedly in the later period of AD 1600-modern.  Most 

other dietary sources either remained fairly stable over time (C3 Plants), increased a small 

amount (Herbivorous/Omnivorous fish, shellfish) or increased a moderate amount (C4 

plants, terrestrial protein). 
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Figure 6.34  IsoSource results for all species combined AD 1200-1600 
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Figure 6.35 IsoSource results for all species combined AD 1600-Modern 
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The wide range in the terrestrial protein results, 0-40% for AD 1200-1400 and 0-59% for 

AD 1600-Modern, indicates that the dietary sources are not entirely representative of the 

diet during that time.  Using the ‘mammal protein’ values produced negative IsoConc 

results however, so it would seem that the ‘animal protein’ values are closer to the actual 

diet in prehistory, although still somewhat problematic with the possibility of some 

important food source not yet accounted for.  It appears that the drop in δ15N values seen 

between the time periods of AD 1200-1600 and AD 1600-modern (Figure 6.33) is largely 

the result of a moderate decline in the amount of carnivorous fish being consumed, rather 

than a large increase in the amount of more δ15N depleted dietary sources. 
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Figure 6.36 Mainland vs. Moturakau – Human and Pig δ13C and δ15N 
values combined 
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6.8.2 Site 

When all the human and pig values from the Mainland and Moturakau are compared 

(no dog from Moturakau was used in the analysis), a Kruskal-Wallis test shows that the 

Mainland δ13C values are significantly different (χ2=8.469, p=.004) from the MR-1 values, 

while a t-test shows the δ15N values are not significantly different (F=.097, p=.757).   

As Figure 6.36 shows, the Moturakau population δ13C values are slightly lower        

(-17.3) than the Mainland values (-16.1), indicating that they are consuming a slightly 

more terrestrial diet.  This effect may, however, be enhanced by the lack of any dog 

samples from Moturakau which, as can be seen from the Mainland results, return values 

more enriched in 13C than those solely from pigs or humans. 

6.9 Summary 

This chapter has considered isotope results from three species, human (n=24), pig 

(n=28) and dog (n=12), across the four sites of Ureia, Aretai, Hosea and Moturakau, over a 

ca. 750 year period.  Results from the computer models IsoConc and IsoSource have been 

discussed as well.  The key results are summarised below. 

6.9.1 Difference in age of sample formation 

The small size of the Aitutaki assemblage meant that all samples, regardless of tissue 

type or age of formation were included, thus introducing the possibility that the isotopic 

values of teeth would differ from the bone, or that samples formed early in an individual’s 

life would differ from those formed later in life.  The results, however, show that there is 

no difference between the bone and teeth samples for either human, pig or dog.  Significant 

changes in diet over an individual’s lifetime are not evident for pigs or dogs; but they are 

seen in the humans samples.  Although there are differences in the age of sample 

formation, they do not affect the population values as a whole – values from adult samples 
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are not significantly different to those of the entire human assemblage; this is also true for 

the pig and dog assemblages. 

6.9.2 Human 

The average human diet is characterised both by the isotope values and the IsoSource 

model as fairly balanced between terrestrial plants, terrestrial animals and marine animals, 

although tending towards the marine end of the spectrum.  Stable isotopes do tend to 

under-represent the plant fraction of the diet however.  Perhaps as a result of this tendency, 

IsoConc reduces the amount of plant in the diet to virtually nil, an unlikely scenario based 

on what we know ethnographically about Polynesian diets in general.  The model does, 

however, provide important information about the trophic levels of terrestrial dietary 

sources that were probably being consumed and assists in selecting the correct values to 

use in the IsoSource model.   In the case of humans, they appear to have been consuming a 

wide range of terrestrial animals, not just pigs and dogs. 

The small human sample size, and different trends at Ureia and Moturakau, 

precluded any generalisations about dietary change across the island as a whole.  On an 

site-by-site basis however, the Ureia samples suggest that there may have been a decrease 

in the importance of fish and a shift towards more terrestrial foods over time.  The 

Moturakau samples hint at an opposite trend, with fish having a greater prominence in the 

diet over time. 

6.9.3 Pig 

The average pig diet is not all that dissimilar to the human diet, but has a greater 

emphasis on C3 plants.  They are consuming relatively δ15N enriched foods, tending 

towards the terrestrial, but marine sources were important as well.  IsoConc minimises the 
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importance of plants in the pig diet in contrast to what the isotope data and IsoSource 

indicate, but all the results show that the pigs were eating from a broad range of sources. 

The two early time periods showed little change in pig diet.  Then, towards the end 

of the prehistoric sequence, there was a significant drop in the δ15N values of the diet, but 

no change in the source which was always more terrestrial in orientation.  The amount of 

variation in the pig diet appears to have decreased somewhat over time, before widening 

again in the modern period. 

6.9.4 Dog 

The average dog diet was heavily marine-oriented and although it consisted of 

relatively equal amounts of terrestrial animals, carnivorous fish and 

herbivorous/omnivorous fish, the marine categories together dominated the diet.  Plants 

contributed very little to the dog diet.  IsoConc shows that dogs’ terrestrial intake had, on 

average, more enriched 15N values than that consumed by humans and pigs, and this is 

reflected in the dog δ15N values.   

The changes in dog diet over time echo the human changes with a shift to a greater 

emphasis on terrestrial foods.  The two samples from the post-1600 period suggest that 

around the beginning of the historic period some dogs had a much more marine diet than 

they had been at any time previously.   

6.9.5 All species compared 

The relationships between humans and two commensals are not straight-forward.  

Each commensal resembles a different aspect of human diet, with humans and pigs most 

similar in δ15N values, and humans and dogs most similar in δ13C values (marine or 

terrestrial).  These ideas are explored more fully in Chapter 7. 
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Change over time for all the species is marked by more depleted δ15N values from 

early time periods to later ones.  However, shifts towards a more terrestrial diet in 

individual species, as shown in more depleted δ13C values, in some cases does not carry 

through to the combined assemblage.  This suggests a common cause for more depleted 

δ15N values which affected all three species, while changes in the proportions of marine 

and terrestrial in the diet was more variable and possibly related to different causal factors. 
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CHAPTER 7:    

DISCUSSION AND CONCLUSIONS 

7.1 Introduction 

The main focus of this thesis is the use of stable isotope analysis to expand our 

understanding of the diet of Polynesians and their two commensal animals, pigs and dogs.  

In particular, I am interested in looking at how the diets changed over time, and the 

relationships those changes have between the species as well as with larger changes seen in 

the region as a whole.  In this chapter I will synthesise the stable isotope results presented 

in Chapter 6 with what is known from the archaeological record of the island, as well as 

current thought on the information that can be extracted from stable isotopes.  The basis of 

the discussion is the characterisation of the diet of humans, pigs and dogs, which will be 

dealt with individually, as well as placing them in the larger context of Polynesia and other 

work done around the world.  Building on this, I examine the assemblages for evidence of 

how those diets changed over time and how they might be linked to wider changes taking 

place on Aitutaki and throughout the region.  The other main aim of the thesis was 

establishing whether pigs and dogs can be used as proxies for human diet in Polynesia, and 

here I evaluate the prospects, looking at relationships between the three groups and how 

they compliment as well as contrast each other.  With the basic diets, changes over time 

and usefulness of commensals as proxies for human diet established, they can be examined 

in much greater detail, drawing in other sources of evidence to add to the isotopic results.  

One topic that that can also be informed by understanding the relationship between human, 

pig and dog diets is the question of extirpation of commensals in Polynesia.  There is some 

evidence for this on Aitutaki but previous work on the subject has been hampered by an 
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assumption that pig and dog diets were the same in prehistory as they were at European 

contact and I will use the new isotope data to examine this issue again.  I conclude by 

considering some of the theoretical implications of the work – what might have caused the 

people of Aitutaki to change their diet in the ways they did, and what can we infer about 

their society and their environment from the changes that they made. 

7.2 Establishing the diets 

Both isotope values and the results of the computer models IsoConc and IsoSource 

were used to develop the overall picture of human, pig and dog diet.  While the isotope 

values have the advantage of giving an immediate general picture without having to rely 

on the complex and sometimes uncertain adjustments necessary to utilise the models, the 

models have the potential to deliver more fine-grained results.  However, it quickly 

became apparent that the models must be used with a degree of caution. 

7.2.1 The role of IsoConc and IsoSource in dietary reconstruction 

The programs IsoConc and IsoSource were used to generate dietary models 

throughout Chapter 6.  Initially I thought they would provide straight-forward estimations 

of the composition of the prehistoric diet; however, they proved to be highly sensitive to 

the mix of dietary source values used, which is problematic when the precise diet 

consumed is unknown.  They also must be used with caution given the variety of 

adjustments made to compensate for trophic enrichment, bone to flesh, modern 

anthropogenic effects on δ13C values, modern nitrogen etc., any one of which might be 

faulty in its assumptions.  Further, the dietary reference samples being used are averages, 

based on collections of modern samples which are affected by seasons, temperature, light, 

growing conditions and so on, thus introducing another aspect of uncertainty to the mix. 
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In Chapter 6 the IsoConc results for an average human (Table 6.8) offer a good 

example of the limitations and advantages of that particular model.  The initial results 

using a terrestrial value, composed of only pig and dog (‘mammal protein’), returned 

negative numbers, indicating that something was wrong with the dietary source values 

used in the model.  Once additional animals such as chicken, flying fox and coconut crab 

were added to the pig and dog values to make up a ‘animal protein’ average, the numbers 

became positive, indicating that that category was now closer to what may have been the 

situation in prehistory—that is, slightly more marine-based and with sources with more 

depleted δ15N values.  However, the heavy reliance on marine animals with very few 

plants does not resemble what we would expect based on ethnographic accounts of a 

Polynesian diet, which was dominated by plant foods (Oliver 2002).  Presumably these 

distorted results reflect the fact that an incomplete array of dietary sources has been used.  

At this point it would appear that the IsoConc results are useful only for identifying dietary 

source combinations that are not suitable for inclusion in other models, such as IsoSource, 

rather than as an indication of actual diet composition.  Further work on the possible 

dietary sources on Aitutaki, as well as the analysis of more dietary samples, would no 

doubt give us results comparable to other studies that have utilised IsoConc (Koch and 

Phillips 2002; Phillips and Koch 2002). 

The IsoSource model, in contrast, produced results (Table 6.9) that give more 

emphasis to plants in the diet, but the main contributors are still marine and terrestrial 

protein.  The lack of emphasis on plant foods in both IsoConc and IsoSource may illustrate 

the fact that as a result of physiological processes, in diets where there is sufficient protein, 

it is preferentially taken up by collagen and lipids and carbohydrates are severely under-

represented (Ambrose and Norr 1993; Greenlee 2002; Tieszen and Fagre 1993).  This 

suggests that in isotope analysis in general the intake of plant foods will always be 
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underestimated, and the importance of protein overestimated.  However, the relative 

importance of the different protein sources is generally consistent in both IsoConc and 

IsoSource; more marine protein was consumed than terrestrial protein, and within that 

overall category fish was more important than shellfish. 

The large ranges between the first and 99th percentile values seen in many of the diet 

categories is not especially informative in terms of allowing us to understand the 

importance of that food in the diet, but they do seem to indicate that the values used for 

that source in the analysis require further investigation and refinement.  Phillips and Gregg 

(2003) suggest refining the IsoSource results by imposing additional constraints on the 

output and accepting runs that conform to a specified model, for example terrestrial plants 

> marine protein > terrestrial protein.  This method would undoubtedly reduce the 

variation in the Aitutaki results, but if the intention of the analysis was to determine an 

unknown diet, limiting results based on pre-conceived constraints defeats the purpose.  

Benstead et al. (2006:329) place importance on the minima and maxima in determining the 

importance of a source in the diet, pointing out that high minima indicate an important 

source, while low maxima indicate an unimportant source.  Phillips and Gregg (2003) 

stress the importance of presenting the first and 99th percentile values in preference to the 

mean, which as Benstead et al. (2006:332) point out does not take into account real life 

food preferences, or availability of that source.  However, the mean is useful for 

comparative purposes as long as the above provisos are kept in mind. 

7.3 Humans 

Humans were the central figures in the complex relationship between the three 

species under consideration in this thesis.  They grew the plants, did the bulk of the fishing 

and shellfish collecting, and managed the pig and dog populations to a greater or lesser 

degree.   
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7.3.1 Diet 

C3 plants played a major role in the human diet of prehistoric Aitutaki, with marine 

and terrestrial protein also contributing significant amounts.  The importance of C3 plants 

is further emphasised when the fact that plant foods are generally underrepresented in 

isotopic analyses is taken into consideration.  The results indicate that marine protein was 

always more important than terrestrial protein, although the proportions of carnivorous, 

herbivorous and omnivorous fish and shellfish within the category changes over time (see 

section 7.6.1 below).  The archaeofaunal evidence (Allen 1992:387-9) also suggests that 

fish and shellfish played a much greater role in the diet than did pigs, dogs and landbirds.  

Other marine resources such as sea mammals and turtles would have contributed to the 

marine intake, although on a much smaller scale than fish and shellfish.  Based on what we 

know from ethnographic sources (Oliver 2002:81; Pollock 1992) this emphasis on marine 

over terrestrial protein is common, although not ubiquitous, throughout Polynesia.  In fact, 

it is quite possible that the actual contribution of C3 plants to the diet was somewhat 

greater than IsoSource suggests, due to the tendency of collagen to emphasise the 

contribution from protein.  The large standard deviation associated with the ‘animal 

protein’ results indicates a great deal of uncertainty as to its contribution.  Further, based 

on what we know of the low availability of many potential sources due to cultural 

restrictions or small populations (pig, dog), or rarity due to over-exploitation or 

environmental changes (fruitbat, landbirds), it seems unlikely that terrestrial sources were 

contributing more to the diet than C3 plants were.   

As a population over time, the human values vary most in δ13C , which indicates that 

there was a certain amount of choice in whether a person ate more seafood or meat.  The 

variation could also reflect cultural strictures on what foods a particular sex could eat, 

differences in status or differences in the diets of children and adults.  For example, on 
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many islands at European contact only high ranking individuals or men were allowed to 

eat pork (Oliver 2002:81; Pollock 1992) or dog meat (Titcomb 1969:25).  δ15N values were 

less variable, indicating that while there may have been differences in diet, overall most 

people were consuming similar foods.  The results indicate that if there was indeed limited 

access to animals such as pigs and dogs for some segments of society, they maintained 

their protein intake generally by consuming seafood with similar δ15N values.  This 

suggests that protein was sufficiently abundant that people could access what they needed 

even if their access to certain types of protein was restricted.  When the samples were 

categorised by the age at which the bone or teeth were formed, they showed that children 

consumed foods with more depleted δ15N values than adults, which would also fit with the 

idea that certain foods were more commonly accessed by particular groups in society. 

The change in diet over an individual’s life is suggested by evidence from two 

human adults taken from maxillary bones with intact tooth rows (Figure 6.3).  The crowns 

formed over a period of time that covered weaning to adulthood, with the bone 

representing the last decade or so of adult life.  While not statistically significant the 

samples formed during childhood are more depleted in both δ13C and δ15N which indicates 

a more terrestrial diet relative to the adult pattern.  This is an interesting finding as the 

ethnographic literature does not mention different diets for children except in passing and 

generally when it involved high status foods such as pork.  If there were differences in 

diets between adults and children on Aitutaki, then there may have been differences in diet 

between other segments of society.  It reinforces the importance of having as large a 

sample of individuals as possible when reconstructing the diet of a population to ensure 

that it represents as many groups as possible. 

Also emphasising the variation present in a population is the fact that although 

Aitutaki is a very small island, there are significant differences in diet between the people 
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located at Ureia and those that were utilising the fishing shelter on Moturakau.  The 

Moturakau population had more terrestrial protein in their diet than did those occupying 

Ureia.  As Allen comments (2002:206), it is unlikely that the shelter on Moturakau was 

occupied on a permanent basis.  Given the lack of water on the islet we assume that the 

people who visited the rockshelter lived on the main island.  However, where the people 

who stayed there originated from is not known.  The traditional owners who gave 

permission for the Moturakau human bone used in this study lived on the western coast; 

but this relationship cannot be extrapolated back into prehistory because of post-contact 

changes in settlement patterns.  It is equally likely that the prehistoric visitors lived on the 

eastern coast, closer to the lagoon and islet.  Unfortunately, there was no bone the 

archaeological sites from the eastern side of the main island so the reasons for these 

differences between the two populations cannot be explored further at this point.  The 

variation present between populations on a fairly small island with limited resources does 

raise the issue of whether it is possible to characterise the diet of a whole island based on 

samples from a single locality, as has been the typical practice in the past. 

7.3.2 Polynesian context 

As well as trying to understand local variation, it is important to understand the 

isotope results from Aitutaki within the larger context of the Polynesian region.  To this 

end the δ13C and δ15N values from Ureia (AIT-10) and Moturakau (MR-1) were compared 

to as many Polynesian (West and East) and Micronesian samples as possible (Ambrose et 

al. 1997; Leach et al. 1996; Leach et al. 2000; Leach et al. 2001; McGovern-Wilson and 

Quinn 1996; Valentin et al. 2006; West 2007).  Because of the large number of data points, 

islands are represented as ovals which encompass the range of values (Figure 7.1).  
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Although the Aitutaki samples are relatively high in terms of dietary protein in the diet, 

and Ureia is more marine-oriented than most, Ureia and Moturakau are not distinct from 

the other Polynesian populations.  The values from the region as a whole form a fairly 

homogeneous group.  Interestingly, the Kapingamarangi and Marquesas values are even 

more enriched in 15N than the outliers from Moturakau, indicating that this is not an 

isolated phenomenon, as discussed further in Section 7.10.2 

7.4 Pig 

The pig bone assemblage is the largest of the three species, and the most widely 

distributed both spatially and temporally; consequently it provides the most secure results. 

7.4.1 Diet and ecology 

The average pig diet resembles the human diet fairly closely, although based on the 

position the pig values occupy relative to the dietary sources (Figure 6.17) it is more 

terrestrial in orientation and aside from two samples that had enriched 15N values, were 

eating foods with similar δ15N values to the human diet.  As with the human results, it is 

likely that the amount of plant food in the diet is underestimated.  The similarity in 

contribution between the marine and terrestrial categories indicates that pigs were 

generalist or opportunistic feeders and were most definitely not largely vegetarian.  While 

there is evidence on some islands of ‘fishing’ by modern pigs out on the reef flats, and it is 

quite likely they were able to capture some small terrestrial animals on their own (not 

forgetting the protein they would have obtained from the plant foods they were eating), the 

15N enriched foods in their diet suggests that humans were providing, either directly or 

indirectly (such as faeces), the bulk of their needs.  West (2007:173,181) found similar 

isotopic variation in Marquesan pigs, and based on ethnographic and current pig-raising 

practices in the region he suggests the variation seen in the prehistoric Marquesasn pigs 
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indicates they were penned or constrained and their isotope values represent feeding 

choices made by their owners, as well as the owners’ access to various types of food.  It is 

possible that the variation seen in the pig assemblages from both Aitutaki and the 

Marquesas is the result of similar feeding practices, and given the damage pigs can do to 

agricultural crops on a small island like Aitutaki it would make sense to contain the pigs in 

some way, as they are in modern times on the island.  

As an assemblage, and discounting change over time, the pigs varied most in δ15N 

values.  So over prehistory in general while there were differences in the δ15N values of the 

foods each pig consumed, they were more terrestrially oriented in their diet.  However, 

when the samples are examined by time period (Figure 6.23), the variation within the time 

period is relatively equal between δ13C and δ15N, indicating that both the type of foods and 

sources of food varied widely in the pig populations at any one time.  Clearly the diet of 

pigs, and perhaps their husbandry as well, was flexible and not subject to strong cultural 

dictates.  There were also enough resources to accommodate this flexibility.  Change in pig 

diet over time is covered in greater detail in Section 7.6.2 below, but it is important to note 

here that the amount of variation in pig diet decreases over time, with pigs from the earlier 

period of AD 1200-1600 showing greater variation than those from the later period of 

AD1600-1850.  Pigs from the period post-1850 show an increase in variation again.  

Narrowing of diet may indicate increasing pressure on resources and greater restrictions on 

the types of foods available, or offered, to pigs. 

When examining the isotopic evidence for pig diet on Aitutaki, it would appear that 

given the high proportion of marine protein in their diet, that they were either constrained 

and fed a wide variety of household scraps (as opposed to only vegetable foods), or were 

roaming freely around habitations and possibly obtaining a good proportion of their diet 

from rubbish as well as from deliberate feeding.  The scenario of feral, or roaming pigs 
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with free access to gardens while people are absent, are not supported by these results, 

unless they were able to access reasonable amounts of fish and shellfish on their own.  

There are numerous reports, both documented (Spennemann 1990), and personal accounts 

from people working on the islands, that pigs will forage for shellfish out on the reef flats, 

and also “fish” in rock pools and lagoons (see also Chapter 3), although their degree of 

success in these activities is unknown.  Pigs are also known to consume fair quantities of 

human faeces if given access to it and this would be one way of accessing protein, 

although it could result in more enriched 15N values (Minagawa and Wada 1984:1138) 

relative to humans.  The wide range of pig δ15N values indicates that while a few pigs 

could have been gaining their marine protein in this manner, the δ15N values of the other 

pigs are equal to or more depleted than the humans, suggests they were accessing the bulk 

of their marine protein directly. 

7.4.2 Polynesian context 

Assumptions about pig diet in prehistory have been based on both ethnographic 

accounts of pigs in the period after European contact, as well as modern practices in the 

region (Bay-Peterson 1984; Gordon Cumming 1882; Hall 1928; Kirch 2000; Spennemann 

1990; Watt and Mitchell 1975; West 2007).  These accounts routinely highlight the plant 

portion of the diet—coconut, taro, breadfruit etc., although there are vague suggestions that 

other foods may have been consumed.   

There is only one other pig assemblage in the region to compare the Aitutaki pig 

results to, and this is from the Hanamiai site on Tahuata Island in the Marquesas (West 

2007).  This assemblage shows a remarkable similarity to the Aitutaki pigs, both in type of 

diet consumed and the variation seen within the population.  The Marquesas pigs come 

from two different periods at Hanamiai, characterised by West (2007:169) as an earlier 

habitation phase where they would have had greater access to fish and other marine 
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protein, and a later ceremonial phase with less marine-oriented pigs raised inland and 

transported to the coastal site (West 2007:170). 
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Figure 7.2 Pig δ13C and δ15N values from Aitutaki and the Marquesas 
(West 2007) 

 

A comparison of the two assemblages (Figure 7.2) shows the Aitutaki pigs with more 

enriched δ13C  values, which indicates a more marine diet than the later ceremonial phase 

Marquesan pigs (F=32.979, p=.000).  They had more variation in the δ13C values; but the 

δ15N variation seen in both assemblages is very similar  (F=.526, p=.472).  In contrast, the 

four pig samples from the earlier habitation period show a very strong marine signature, 

indicating a radically different diet.   

7.5 Dog 

The dog samples are the smallest assemblage of the three species, although the 

spread of samples across time is greater than for humans.  There were no suitable samples 
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from Moturakau (MR-1), which is unfortunate given the dietary differences seen in the 

human samples and the potential insights additional dog samples might have provided. 

7.5.1 Diet and ecology 

Dogs consumed a diet more enriched in 15N compared to the human and pig, which 

is not surprising given their physical requirements for at least 25% protein intake 

(Hedhammar 1982:81-2).  Figure 6.26 shows that the protein intake is firmly on the marine 

side of the spectrum, more so than with humans and pigs.  Further, IsoSource identifies 

fish as the most important while shellfish did not play a large part in their diet at any point 

in prehistory.  It is this large fish component in the diet which enriches the dogs’ δ15N 

values more than the human and pig values.  Vegetable foods played a lesser part in the 

dog diet than they did for humans and pigs.  The potentially greater emphasis on C4/CAM 

plants over C3 is puzzling, given that the majority of crop plants were C3 with the 

exception of the few C4 plants identified in Chapter 6.  Further work on other possible 

sources of C4/CAM plants in the diet is necessary to determine what the most likely 

contributor of this portion of their diet could be.  The IsoSource results suggest the dogs 

were more specialised in their dietary requirements than pigs, whether because of 

physiological necessity, preference, or limited access to some protein sources.   

Overall the greatest variation in dog samples is in the δ13C values, indicating that as a 

population they tended to eat foods with similarly enriched 15N, but individual dog diets 

varied in whether this was marine or terrestrial.  When early European explorers described 

Polynesian dogs they emphasised the vegetarian nature of their diet, which often consisted 

of breadfruit, yams, taro and so on (e.g. Cook 1955; Gordon Cumming 1882:115-116).  

Whether they were vegetarian simply to improve their flavour, or because local resources 

did not stretch to feeding domestic animals valuable protein, is not specified.  In contrast, 

there are also published (Hall 1928:53-4) and anecdotal accounts of dogs fishing in 
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lagoons singly or in small packs.  Although there is no indication of their success rates, 

they are clearly quite capable of obtaining at least a small amount of marine protein for 

themselves, and no doubt they occasionally caught chickens and other small land animals 

such as rats.  However, as with the pigs, the importance of δ15N enriched foods in the dog 

diet, as shown by the isotopic analysis, is such that it does not seem feasible that they could 

be supplying it all themselves; humans must be providing much of it either through 

deliberate feeding or indirectly through rubbish heaps for dogs to scavenge.  These 

enriched sources, particularly marine, indicate that they were not being penned and fed 

fruit and vegetables in the Society Islands where they were considered a high status food 

item (Forster 1996:130)  While the Aitutaki dogs may still have been in important food 

source for humans, both the archaeological record and the isotopic evidence indicates that 

there were not the numbers to support such institutionalised consumption, nor were they 

treated in a special manner in respect of feeding. 

As with the pigs, it is useful to look at where the bulk of their protein is coming 

from.  Like pigs, dogs will eat human faeces, and as their 15N values are enriched relative 

to the humans’ (Minagawa and Wada 1984:1138) it is possible this was a significant 

dietary source.  It is also possible that they had direct access to high trophic level marine 

foods, and their more enriched 15N values reflect their more carnivorous nature and a diet 

with less plant foods. 

7.5.2 Polynesian context 

From what we know ethnographically about dog diet in early contact times, and up 

to the present day, the dogs in Polynesia fall into one of two groups—those who “taste no 

animal food, but are kept wholly upon bread-fruit, cocoa-nuts, yams, and other vegetables 

of the like kind…” (Cook 1955); and those who were more marine-oriented such as “…in 

the low isles and New Zeeland, where they are the only domestic animals, they live upon 
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fish” (e.g. Forster 1996:130).  Clearly the Aitutaki dogs fall into the latter camp, 

consuming large quantities of marine protein and much smaller amounts of terrestrial.  

Whether this reflects dietary preference, or whether the terrestrial protein was so hard to 

come by that they had little choice, is hard to say.  The Marquesan dogs (West 2007) have 

more enriched δ15N values than the Aitutaki dogs (F=17.150, p=.000) indicating larger 

amounts of protein in the diet (Figure 7.3), although their diet was slightly more terrestrial 

in orientation than the Aitutaki dogs, with more depleted δ13C values (F=7.312, p=.013).   
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Figure 7.3  Dog δ13C and δ15N values from Aitutaki and the Marquesas 
(West 2007) 

 

The similarities between the two assemblages suggests that dogs may have been treated in 

a similar manner on both islands.  West (2007:172) believes the evidence indicates that the 

Marquesan dogs were scavengers, with no “close human control”, resulting in a great deal 

of variation in the kinds of food they ate.  The Aitutaki dogs exhibit more variation in their 

δ13C and δ15N values, suggesting that there may have been a greater selection of dietary 
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sources in the Aitutaki dog diet.  The more depleted δ15N values suggest perhaps the 

presence of a lagoon and reef flats on Aitutaki provided a greater range of lower trophic 

level fish. 

7.5.3 The Namu dogs 

A study at Namu on the coast of British Columbia, Canada (Cannon et al. 1999), 

used dog as a proxy for human diet and the results and dietary reconstruction provide an 

interesting comparison to Aitutaki and place the human-dog relationship in a world-wide 

context. 

The Namu dogs showed that while they consumed a diet containing a wide range of 

food sources, the largest contribution came from marine-based foods, especially salmon, 

herring and shellfish (Cannon et al. 1999:400).  Notably, the δ15N values of the fish are 

taken from a previously published list of species that are not necessarily local  Although 

the Namu background values are quite similar to the Aituaki values, the isotopic results for 

both Namu dogs (Cannon et al. 1999:403) and humans (also unpublished results by 

Schwarz et al. in Cannon et al. 1999:404; Chisholm et al. 1983:397) show greatly enriched 

δ15N values compared to the Aitutaki values, and slightly enriched δ13C values (Figure 

7.4).  The Namu human δ15N values place them close to the Moturakau outliers, indicating 

consumption of high trophic level marine protein such as marine mammals. Harbour seals 

were the most common marine mammal found at the Namu site, although their importance 

fluctuated over time (Cannon et al. 1999:402).  It does not appear as if marine mammals 

ever made up a significant proportion of the Aitutaki diet, with Allen (1992:391) 

characterising them as “an occasional, though never significant, dietary component”.  

Although the humans and dogs at the two sites show different dietary relationships, they 

also illustrate how similar the diets of the two species can be—close in the case of Namu, 
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even closer for Aitutaki.  As Cannon et al. say, the dogs at Namu were eating as much 

marine protein as the humans were, and therefore must have been obtaining it either 

directly or indirectly from humans (Cannon et al. 1999:402).  This would be equally, if not 

more so, true of the Aitutaki dogs.  However, this does not take into account dogs’ evident 

skills in obtaining marine protein for themselves, something that may account for the 

larger proportion of marine protein in the Aitutaki dogs’ diet compared to the humans.  

Alternatively, the larger proportion of marine, and therefore enriched δ15N values, may 

reflect a lack of access to terrestrial protein. 
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Figure 7.4  Aitutaki human and dog bone compared to Namu human and 
dog bone (Cannon et al. 1999; Chisholm et al. 1983) 

 

Cannon et al. (1999:405) emphasise the importance of using the dog bone to 

examine “…effects of short-term variability and its differential expression in the bones of 

individuals living for different lengths of time” suggesting that while human bone will 
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reflect long-term dietary averages, the shorter-lived dogs may be better able to show 

smaller fluctuations in diet, as well as illustrating the availability of a wider range of 

dietary choice.  This sensitivity to fluctuations in diet will also increase the variability seen 

in their diet.  The spotty distribution and small numbers of the human and dog bones in the 

Aitutaki archaeological records makes it difficult to examine this in any detail, although 

the differences in the diets of humans and dogs indicates that there must have been 

different types of protein available. 

7.6 Dietary change over time on Aitutaki 

With the basic diets of humans, pigs and dogs established, we can now turn our 

attention to change in those diets over time.  Despite the small sample sizes it is possible to 

discern some patterns in all three assemblages, and when all the samples are combined 

those trends become even more obvious. 

7.6.1 Human change over time 

Radiocarbon dating of the Ureia site (Allen and Wallace 2007) does not allow any 

differentiation between the early zones in terms of absolute dates, although based on site 

stratigraphy there are chronological differences between the zones.  Zones J and E date to 

cal AD 1225-1430 and AD 1220-1390 respectively at 1σ, and while possibly slightly 

earlier are broadly contemporaneous with Moturakau’s Zones H (cal. AD 1300-1460 at 

1σ), F (cal. AD 1395-1460 at 1σ) and E (pre-1450).   

The Ureia results (Figure 6.10) hint that there may have been a shift to less 

carnivorous fish in the diet, with the earliest two individuals (Zone J) having some of the 

most enriched δ15N values.  The diet of the individuals from Moturakau (Figure 6.11) at 

the end of the period AD 1200-1400 appear to be in direct contrast to this, with enrichment 

in 15N values from Zones H and F to Zone C , with a spread of values between the early 
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and late periods.  At Ureia we see a wide variety of both δ15N and δ13C values from the 

post-AD 1600 individuals.  At Ureia any change that may have occurred was a straight 

depletion in δ15N values, suggesting that the marine/terrestrial mixture remained the same, 

but that animals consumed within those categories were at a lower trophic level.  This is 

the sort of shift that would be expected if the amount of carnivorous fish was declining.  

The shift from Zones H and F to Zone C at Moturakau suggests that the importance of 

marine protein in the diet increased and there is no evidence for its decrease in the samples 

we currently have.  There are similarities between the two sites, but it appears that the 

depletion in 15N occured much earlier at Ureia than it did at Moturakau, if indeed there 

ever was a drop.  However, the small sample size and limited spread over time restricts the 

information that can be taken from human isotope results.  It is in situations such as this 

that pig and dog bone may be useful both for looking at their own dietary changes, and for 

looking at changes within the cultural subsistence system at large. 

7.6.2 Pig change over time 

When the sites are examined individually (Figures 6.19-6.21), Moturakau and Hosea 

show a shift to more terrestrial protein with depleted δ13C values, while Ureia only shows a 

depletion of δ15N values.  The evidence, particularly that from Ureia with the change 

within the period AD 1200-1400, suggests that shifts in pig diet began before AD1400.  

The depletion in δ15N values seen between Zones G and E (Figure 6.19) places the start of 

the change in the AD 1300s (Allen and Wallace 2007:12).  The Moturakau human values 

appear somewhat anomalous compared to the trends seen at the other sites for humans and 

pigs. Unlike the human samples, it was possible to combine all the pig samples into one 

meaningful assemblage (Figure 6.22) indicating that the overall dietary change was similar 

across the island.  The slight temporal differences in the trends of the combined samples 
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makes precise dating of the dietary changes difficult, and the significant differences in diet 

are slightly later than the individual sites suggest, showing most clearly around AD 1600 

instead.  The change shows an island-wide drop in the amount of carnivorous fish in the 

diet, and an increase in shellfish and terrestrial protein.  Overall this change results in more 

depleted δ15N values. 

The variation in the pig diet shown in Figure 6.23 indicates that while there was still 

a fair amount of flexibility in how people treated their pigs, the diet became more restricted 

with less protein.  This may indicate increasing pressure on the available food resources on 

the island, but not to the degree that all pigs were eating the same diet with very little 

animal protein in it. 

7.6.3 Dog change over time 

The small dog sample size means that any conclusions about change over time are 

tenuous at best.  However, they are in agreement with the changes seen in the human and 

pig diet, and are probably giving a accurate (if somewhat incomplete) picture of changes in 

dog diet over time.   

The combined dog assemblage (Figure 6.30) gives the best idea of what may have 

been happening with the dog diet over time.  While it is important to be cautious about any 

conclusions because the sample size is still very small, the time period AD 1400-1600 

contains the two dogs with the most depleted δ13C values, suggesting that some dogs 

during this period were consuming a great deal more terrestrial foods than had dogs in the 

previous time period of AD 1200-1400.  The later time periods of AD 1600-1850 and 

Modern contain the most enriched δ13C values of the assemblage, indicating that during  

the proto-historic and historic period there were dogs who were consuming a much more 

marine diet than most dogs in the previous time periods.  The overall impression that the 

results give is that during the period AD1400-1600 some dogs had slightly restricted 
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access to marine foods –this might reflect their own access to it because they were 

constrained, or that there was less fish available for the dogs to eat.  Clearly though, many 

dogs at the time still had the access to fish as had the dogs in the earlier time period.  The 

shift to a more marine diet later in prehistory and historic times suggests that the arrival of 

the Europeans changed the way dogs were fed. 

7.6.4 All species change over time 

Given the problems with combining all the samples, especially for the humans and 

dogs, because the timing or direction of the changes between sites was not compatible, 

there was a distinct possibility that combining all the samples from the three different 

species might not yield clear patterns.  However, the signature of a decline in δ15N values 

came though very clearly.  Statistical comparison of the four date ranges, AD1200-1400, 

AD 1400-1600, AD 1600-1850 and Modern shows that the significant dietary change has 

been effected by AD 1600-1850.  However, close examination of the timing of the 

individual species’ dietary changes indicates this process began earlier, in the AD 1300s 

and up to AD 1400.  This difference in the timing of the shift was also apparent when 

combining the pig samples from the different sites together.  The spread of samples from 

each of the three species is fairly even across the time periods (with the exception of a lack 

of human samples from the period AD 1400-1600), so it is not lower or higher δ15N values 

of a particular species overall that is driving this – for example dogs have more enriched 

δ15N values overall, but even if they are adjusted by lowering them by 1.5‰ to resemble 

human δ15N values, the differences between time periods remain unchanged.  It would 

appear that most importantly, the overall trends in dietary change are still evident when 

combining all samples, even if the timing of those changes is somewhat obscured.   
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The archaeofaunal evidence for the decline in fish in the diet places its beginning in 

the mid- to late-14th century at Ureia (Zones G and E) and mid-14th century at Moturakau 

(Allen 2002), matching the evidence from the combined isotope results but not that for the 

individual species.   

The isotope results as well as the limited IsoSource results consistently suggest a 

decline in carnivorous fish in the diet of humans, pigs and dogs suggesting that this was an 

important change in the diet.  The important offshore fish represented in the archaeological 

record are generally piscivores, so this decline in carnivorous fish might equate to a decline 

in offshore fish.  On the other hand, Allen’s work on the archaeological fish remains 

indicates that offshore and pelagic fish were never very important.  Despite first 

appearances however, the two lines of evidence are not necessarily mutually exclusive.   

The archaeofaunal remains suggest a weak decline in offshore fish (Allen 2002), 

which are generally (but not exclusively) secondary carnivores with higher trophic levels 

than the inshore fish (Table 7.1).  This decline is also correlated with the decline in 

pearlshell fishhooks, which are usually used to catch carnivorous fish; although the 

continuous presence of Ephinephelus merra, a small, inshore-dwelling carnivore (Randall 

and Brock 1960) and the most common species in the assemblage (Allen 2002:206; 

Nicholls et al. 2003:141), indicates that not all carnivorous fish were taken with this 

method.  

The isotopic results reflect the combined effect of the weak decline in offshore carnivorous 

fish, along with the decline of the most important family, Serranidae, and the most 

common species, Ephinephelus merra, as part of the overall decline in fish.  The results 

also suggest that these carnivorous offshore fish may have been somewhat more important 

than the archaeofauanal evidence indicates.  It may be that the offshore fish are being 

processed slightly differently to the inshore fish, resulting in less bone in the middens. 
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Table 7.1 Diets of important fish consumed by prehistoric humans on 
Aitutaki, ranked by importance (Allen 2002:204-5; Froese and Pauly 
2007) 

Inshore Diet 
Serranidae fish, crustaceans, plankton 
Scaridae herbivorous 
Labridae benthic invertebrates, plankton 
Mullidae benthic invertebrates, small fish 
Holocentridae zooplankton, benthic invertebrates, small fish 
Offshore and Pelagic  
Lutjanidae fish and crustaceans, some planktivores 
Carangidae fish and invertebrates 
Belonidae small fish 

 

7.6.5 The isotopic and archaeological evidence for dietary change 

Given that combining all the samples together only answers part of the larger picture 

of dietary change over time on Aitutaki, it becomes even more important to include other 

sources of information.  The archaeological record is the most obvious candidate, and most 

importantly there is the large fish bone assemblage.  The analysis of that assemblage 

(Allen 1992, 1996, 2002) has provided a very detailed picture of changes in taxonomic 

abundances over time at all four sites (Ureia, Aretai, Hosea and Moturakau), as well as 

evidence for changes in fishing technologies which may tie into larger processes taking 

place both on the island and in Eastern Polynesia as a whole (Allen 1996, 2002). 

As discussed above, the stable isotope results suggest that the bulk of the diet 

changes began occurred during the 14th century and onwards.  The Ureia and Moturakau 

human and pig samples show the beginnings of dietary change in the mid- to late-1300s, 

while Hosea appears to have experienced the largest changes at a point between AD 1300 

and AD 1400.  The fish assemblages also show the beginnings of the decline in fish 
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numbers at this time, with the fishbone at Moturakau beginning to decline in the mid-AD 

1300s (Allen 2002:202).   

Climate variation in the Pacific has been implicated in a number of changes.  Work 

by Nunn (2000; 2007) has looked at changes around Polynesia which appear to occur 

around AD 1300.  Field (2004) and Kumar et al. (2006) have focussed on the effects of 

this climate change on the Sigatoka Valley in Fiji, identifying the complex historical, 

environmental and social factors involved in changing settlement and subsistence patterns 

which have allowed them to examine how these changes may have been related to conflict 

and competition between different groups as a response to increasing uncertainty in the 

environment. 

Nunn and others (Nunn 2000; Nunn et al. 2007) have used data from the Northern 

Hemisphere to reconstruct climate changes that occurred in Polynesia, but recent work has 

shown that the climate changes that caused warmer temperatures in the Northern 

Hemisphere up to the 13th century, known as the Medieval Warm Period (MWP), and the 

period of cooler temperatures around the 17th century known as the Little Ice Age (LIA), 

had rather the opposite effect in the Eastern Central Pacific.  In this region the MWP was a 

time of cooler and drier weather and the LIA a time of warmer, wetter weather (Allen 

2006; Cobb et al. 2003; Labeyrie et al. 2003:53; Mann et al. 2005:454).  The 14th-15th 

century appears to have had a moderate climate (Mann et al. 2005:454).  Coupled with 

these large-scale trends in temperature, are periods of increased variability in the El 

Niño/Southern Oscillation (ENSO) index, which in the Central East Pacific results in 

increased frequency of cyclones and storms as the system cycles back and forth between 

stormy El Niño and calmer La Niña phases (Labeyrie et al. 2003:53).  Cobb et al. 

(2003:273) show that the 17th century in the Pacific was a period of extreme ENSO 

activity, while the 12th and 14th centuries were a period of relative calm although they do 
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show marked short-term variability.  Both the changes in temperature as well as the 

periods of increased storminess and unpredictability could have had major impacts on the 

environment, subsistence systems and the ability of the people to maintain contacts with 

other islands. 

The number of storm events recorded in the stratigraphy at Ureia during the 13th and 

14th centuries demonstrates the effect that increased storminess might have had on the 

occupants, and the evidence suggests that after reoccupying the site several times after 

storms the site was finally abandoned until the 17th century (Zone C).  The major storms 

may have had an effect on the marine environment as well, disturbing the reef and 

affecting species abundance and composition (Allen 1994, 1997, 1998).  Given that the 

changes in fish catches predate the decline of fishhooks we might look to these 

environmental disturbances for precipitating causes. 

Despite the fact that the changes in climate were most likely the opposite of what 

Nunn based his work on, the period around AD 1300 still appears to have been an 

important one in Polynesia and Aitutaki.  As Allen (2006:527) says, Nunn’s evidence 

“…for significant environmental perturbation(s) around AD 1300 warrants continued 

consideration, although the timing of these perturbations may be somewhat earlier [than] 

originally proposed.” 

Increased erosion as a result of fluctuating weather patterns could have had a major 

impact on the ecosystems of the Aitutaki lagoon.  For example, Allen (1992) suggests that 

changes in the pearlshell (Pinctada margaritifera) habitats in the Aitutaki lagoon could 

have had a major impact on their availability as a raw material for fishhook manufacture.  

Changes in fishhooks are a useful way of looking at what types of fish were being targeted, 

and the raw materials used in their manufacture can give an indication of the availability of 

particular types of raw materials.  While imported materials other than pearlshell and stone 
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for adzes may not have been important for food procurement, the amount of contact that 

the island had with the outside world could certainly affect the outlook of the inhabitants 

and therefore their subsistence strategies.  After AD 1400, sites on Aitutaki, Mitiaro, 

Ma’uke and Mangaia all show a steady decline in the use of pearlshell for fishhooks (Allen 

2002:199; Kirch et al. 1995:52; Walter 1998; Walter and Campbell 1996).  On Aitutaki, 

the major period of decline begins around AD 1450-1500 (Zone D at Moturakau), and the 

use of Turbo increases (Figure 3.13).  Manufacture of fishhooks appears to cease 

altogether around A.D. 1650, probably because the substitutes for pearlshell, Turbo, was 

unsatisfactory (Allen 2002:199).  Similar trends from the 15th century onwards are seen on 

the other three islands as well (Kirch et al. 1995:52; Walter 1998:99; Walter and Campbell 

1996).  Within the Cook Islands pearlshell is limited to Aitutaki and the Northern Cooks.  

There is some debate as to where the pearlshell used to make fishhooks originated and its 

decline has been linked both to degradation of pearlshell habitats in the Aitutaki lagoon 

(Allen 1992), climate change (Nunn 2000), as well as to a decline in inter-island voyaging 

within the Cook Islands (Walter 1998) and throughout Central East Polynesia.  The 

changes in the availability of pearlshell are echoed by patterns in the regional exchange of 

stone which changes after AD 1500.  There was a concentration on more local resources 

on all the islands, a decline in importation from outside the archipelago, and the reduction 

(to almost nothing) of the use of basalt from Rarotonga, also suggesting that regional 

trading networks were declining and raw materials such as pearlshell and high quality 

basalt were becoming more difficult or impossible to obtain (Allen and Johnson 1997:129; 

Walter 1998:98).  Despite the apparent reduction of inter-island trade, the evidence from 

Aitutaki shows that small amounts of stone and tools were being traded right into 

protohistoric times (Allen and Johnson 1997:125). 
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Whether the lack of pearlshell fishhooks had an effect on the kinds of fish caught is 

debatable.  Allen (2002:208) and Nicholls’ (Nicholls 2000; Nicholls et al. 2003) work 

suggests that although offshore fishing may never have been especially important in 

prehistory (based on bone data), those were the fish that would have been taken with 

fishhooks.  While the first indications of changes in pearlshell abundance occur around AD 

1300 with small amounts of Turbo appearing in the record and correlate well with the 

isotopic evidence for dietary change, the major decline does not occur until ca. AD 1450-

1550. 

It is very difficult to tease apart the web of interrelatedness when it comes to 

investigating dietary change and the reasons behind it.  Each factor ties back to others, 

often operating at the same time, with what Crumley (1994:5) calls “sequences of mutual 

causation”.  It is in situations like this that historical ecology comes to the fore, with its 

emphasis on understanding how these complex relationships function and change over 

time.  Although the evidence from Aitutaki is preliminary, it does suggest that the changes 

in diet were a result of both an increase in the emphasis on terrestrial resources, perhaps as 

a response to growing populations, as well as a number of interconnected environmental 

factors both local and regional.  These include climate change and overall instability which 

may have lead to increased erosion, sedimentation in the lagoon, and changes to fish and 

shellfish habitats.  Inter-island voyaging may have been affected by the increased 

storminess around AD 1500, which in turn would have affected the trade in raw materials 

such as pearlshell and high quality stone from other islands.  The decline in fish numbers is 

likely to be the result of several factors, climate instability in the form of large storms may 

have affected habitats directly, while less direct factors such as a later decline in the 

availability of pearlshell to manufacture fishhooks may be linked to a decrease in trading 

networks or to habitat changes. 
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7.7 Pig and Dog as Proxies 

One of the main aims of this thesis was to investigate whether pig and dog bone 

could be used as a proxy for human diet.  The results have been somewhat mixed.  Neither 

species matched the human diet exactly, either in isotopic values or in the individual 

variation within the population.  It is not surprising that the amount of variation in each 

population differs to a degree, given that pigs and dogs are short-lived animals and their 

isotopic signatures are therefore far more sensitive to fluctuations in diet than those of 

humans whose signatures cover a much greater time-span.  Therefore it is not unexpected 

that pig and dog populations will show greater dietary variation than humans.  However, 

aspects of the pig and dog diets did reflect the human diet quite closely and they certainly 

exhibit the same overall changes in diet over time. 

7.7.1 Isotope values and individual variation 

Figure 6.32 shows human, pig and dog isotopic values, with the ovals indicating the 

range within each species and it clearly illustrates the relationships between the three 

species.  Humans and dogs were eating a wide range of foods, both terrestrial and marine, 

although IsoConc and IsoSource suggest that marine protein was more important.  This 

similarity between humans and dog in diet was also noted at the Namu site (Cannon et al. 

1999).  Pigs, on the other hand, had a more terrestrial diet and one that made use of a wider 

range of dietary sources than did humans or dogs. 

Figure 7.5 shows the relationship between the three species based on the mean 

contribution of the various dietary sources.  While the means are used for ease of graphic 

presentation, it is important to remember that the IsoSource results are expressed as a range 

of possible outcomes – these can be found in results section for each species.  The human 

and pig diet are most similar in the proportion of terrestrial foods they were eating, with an 

emphasis on C3 plants and terrestrial protein, and less on C4 plants.  Dogs, by contrast, are 
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consuming relatively more terrestrial protein and fewer C3 plants.  When it comes to the 

marine component of the diet, humans and dogs most closely resemble each other in the 

amounts they are consuming relative to terrestrial foods.  The pig and dog are more similar 

in the kinds of marine foods they are eating, with less emphasis on shellfish than humans. 
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Figure 7.5 IsoSource mean diets for human, pig and dog 

 

The results show that instead of one species being the closest match to the human 

diet, they each reflect a different aspect of that diet.  If one or the other is used on its own, 

an important component of the human diet will be misrepresented – pigs would 

underestimate the marine contribution to the diet, and the consumption of terrestrial foods 

would be underrepresented by the dogs. 
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7.7.2 Pig and dog values as a replacement for human values 

The results show that in combining the three assemblages the overall trend in dietary 

change shown by the individual species, namely that of a depletion in δ15N values, is still 

apparent, but the timing of the change became less precise.  However, in a situation where 

there was little or no human bone in a site on Aitutaki, the overall changes in diet could 

certainly be estimated with reasonable confidence.  

To use pig and dog as a proxy for human diet it is necessary to establish an initial 

baseline relationship for the area being studied.  This means that a certain amount of 

human bone would be required to begin with.  It would also be important to understand 

that differences in diet might be present within that area, even if it is a fairly small island.  

The two populations from Ureia and Moturakau are evidence of dietary differences within 

a very small area (16km2) with essentially the same available resources.  Pig and dog from 

one site might not necessarily be good proxies for human diet at another site.  When 

considering dietary change over time it is possible to view changes in pig and dog diet as 

evidence of larger processes taking place in the area, but without an understanding of how 

the diets of the two commensals relate to that of the humans, it is not possible to 

understand changes in the human diet itself. 

The analysis was done without altering the pig or dog values to approximate the 

human range as it was found that doing so did not alter the results.  If pig or dog were to be 

used on their own to study human diet however, it might be necessary to shift their δ13C 

and δ15N values prior to analysis.  The easiest way to do this is to look at the mean values 

for the three assemblages rather than attempt to retain the range of individual values.  

Having the equivalent of the human δ13C and δ15N means would be particularly useful for 

generating IsoSource results for a site that did not contain any human bone at all. 
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The results show that both pig and dog can be successfully used as proxies for 

human diet providing that some initial work has been done on establishing the relationship 

between the isotopic values for the three species. 

7.7.3 Relationships between dogs and humans in other areas of the world 

While looking at pig diet in relation to human diet is a new approach, using dog in 

this manner is not.  Work on dog diet at the site of Namu in British Columbia (Cannon et 

al. 1999) was used to provide confirmation of changes in diet seen in the fish bone and 

shellfish remains at the site and to examine shifts from marine to terrestrial resources.  

They found that the dog bone isotopes showed changes consistent with those in the 

archaeological record and had a close relationship with the human bone from the site  
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(Chisholm et al. 1983:397).  Another Canadian study (Katzenberg 1989:323) on the diet of 

the Petun in Southern Ontario was interested in the dog isotope values purely in light of 

their role in the Petun diet alongside other animals such as deer, and beaver and fish.  

Despite this different focus on the interaction between humans and dogs, the isotope 

results from both of them allow us to examine their relationship as well (Figure 7.6). 

The average δ15N value for the Namu dog is 16.4‰, 2.6‰ lower than human 

average of 19.0‰ (Cannon et al. 1999:403).  A similar difference of 3.3‰ was observed 

between human and dog bone from Ontario (Katzenberg 1989:323).  This is not the case 

for Aitutaki human and dog values however, where the dog δ15N average (12.7‰) is 1.2‰ 

higher than human average (11.4‰).  The Aitutaki dogs also differ in their δ13C values, 

whereas the Namu and Ontario dogs are much closer to the humans. (Cannon et al. 

1999:403; Chisholm et al. 1983:397; Katzenberg 1989:323) 

Katzenberg (1989:326) suggests that the similarities between the humans and dogs 

δ15N values seen in the Namu and Ontario assemblages reflects significant intake of 15N 

enriched human faeces, as well as eating human food waste/scraps, although the dogs 

remain more depleted in δ15N than their associated humans.  These studies show that while 

the relationship between human and dog may be a close one around the world, it is 

impossible to predict the exact nature of that relationship.  This serves to underscore the 

need to establish, at least in a preliminary way, the relationships between the commensal 

animal and humans before using the animal isotope values in dietary reconstructions. 

7.8 Extirpation of Pigs and Dogs 

Clearly the dietary relationship between humans and dogs around the world is a close 

but complex one, and adding pigs to it makes it even more so.  In Polynesia pigs and dogs 
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are not simply a valuable source of protein, they have significant cultural importance as 

well.  There is a contradiction between the archaeological and ethnographic evidence for 

pigs and dogs on Aitutaki at European contact.  The archaeology suggests that they were 

present throughout prehistory and into the historic period (Allen 1992:385); the early 

European visitors to the island state that neither were present at contact (Bligh 1937:95; 

Williams 1838:64).  While the isotope results cannot solve this conundrum, it can provide 

new insights into the possibility of extirpation of pigs and dogs on Aitutaki and how 

pressures on limited resources might have been played out between the three species. 

Despite their cultural importance, pigs and dogs disappeared during the prehistoric 

period from many islands, including Tikopia, Mangaia and Rotuma (Bay-Peterson 

1984:125; Kirch 2000:431-2).  As Bay-Peterson (1984:126) points out, on very small 

islands such as Kapingamarangi, which in 1810 kept only eight pigs, accidental extirpation 

would be a distinct possibility.  However, the great majority of the islands would have 

been large enough to support reasonable commensal populations, and were in any event 

most likely in periodic contact with other islands that still kept pigs and dogs and could 

supply new breeding stock, so it is possible to rule out chance events that might have 

wiped out the indigenous populations permanently.  In most cases where extirpation 

occurred it must have been a conscious decision on the part of the islanders. 

Bay-Peterson (1984), Kirch (2000) and more latterly Giovas (2006) have examined 

this problem and come to very similar conclusions about the factors involved in the 

disappearance of pigs and dogs.  All three authors break the process down into a number of 

causal factors: 

Small island size and relative isolation – Bay-Peterson (1984:125) shows that the 

majority of pig extirpations took place on islands with an area of approximately 50 km2 or 

less; Kirch’s three examples of Tikopia (4.6 km2), Mangareva (15 km2) and Mangaia (52 
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km2) fit well within these parameters (Kirch 2000:433-4).  These islands are also relatively 

isolated with at least an overnight canoe voyage, and in some cases voyages of several 

days, required to reach the nearest neighbour.  Giovas (2006:88) focuses on these two 

factors alone, finding that island size is significantly correlated with whether pig 

populations were extirpated or not, along with a slightly weaker correlation with island 

elevation. 

High human population density – Kirch (2000:434) estimates that the population 

density of the three islands in question was most likely more than 200 persons per km2 of 

productive land. 

Intensive resource competition – A small area available for cultivation combined 

with a high population density necessarily results in stress on agricultural systems.  In such 

a tight system pigs may place a disproportionate strain on resources.  Rapaport’s (1968; 

1971) classic study of the Tsembaga Mareng of the New Guinea Highlands and their use of 

pigs in ritual feasting gives a good idea of the resources that are required to maintain a 

viable pig population.  One pig consumes almost as much food as one human does, in this 

case largely garden produce.  On a small island with limited resources, where there are 

already pressures on the human population to support themselves, pigs will place an added 

burden on production systems.  As second trophic level4 feeders, as these authors assumed 

                                                 

4 Although communities can have any number of trophic levels, most seem to have 

three or four.  The first of the four basic levels is represented by plants, the second by 

herbivores, the third by primary carnivores (feeding off herbivores) and secondary 

carnivores (eating both herbivores and primary carnivores) (Begon et al. 1996:833,848).  

Energy transfer from one trophic level to the next is low, averaging about 10% (Begon et 

al. 1996:735). 
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they were, they have a very low return for the amount of energy they consume.  Bay-

Peterson (1984:124) states “each adult pig cost the amount of food required to maintain an 

adult human being, and returned only a percentage of this to the economy as meat.”  Of 

course having a high value placed upon them culturally would ensure that their presence 

was not dependent on a strict cost/benefit basis. 

Internal strife and warfare – on an island where the previous three conditions are 

met, it is likely that conflict will arise as a consequence of competition for the limited food 

and land resources. 

Kirch targets resource competition, specifically trophic level competition between 

humans and pigs, as the prime mover behind pig extirpation on islands that meet the above 

requirements.  He places pigs firmly in the second trophic level (although acknowledging 

that they are potentially omnivorous), thus coming into direct conflict with humans, who as 

omnivores occupy both the second and the third trophic levels (Kirch 2000:437). Adding 

dogs which are consuming even more protein than pigs to the equation would simply 

increase the competition for the resources and potentially speed up the process 

considerably.  Assigning trophic levels to such omnivorous animals is problematic when 

one considers that the trophic levels for terrestrial and marine systems do not correspond 

directly – marine foodwebs tend to have more levels than terrestrial, hence the highly 

enriched 15N values of marine mammals.  If an animal is confined to eating from marine or 

terrestrial exclusively then it is possible to assign them to the second or third trophic level, 

however this is not the case on Aitutaki, where food was coming from both sources.  

However, the premise of trophic level competition still holds true. 

Prehistoric Aitutaki fits the above criteria for pig and dog extirpation well although 

Giovas (2006:89) excludes it from her study because she found the evidence for presence 

or absence of pig at European contact to be ambiguous.  The main island of Aitutaki is 
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eight km long and approximately 2.5 km (Milne 1991:5) wide making it a relatively small 

habitable area.  While initially it was in regular contact with other islands within the 

Cooks, and also further afield, it became more isolated post AD 1400 with the contraction 

of local exchange networks (Allen 1992; Kirch et al. 1995:52; Walter 1998; Walter and 

Campbell 1996).  During this period Aitutaki would have become increasingly reliant on 

its own lithic, agricultural and marine resources.  While the population levels in prehistory 

are unknown, the missionary John Williams (1838:5) reported “about 2000 people” in 

1821.  The first missionary to reside permanently on Aitutaki, Henry Royle, also placed the 

population at around 2000 in 1839, at the same time recording high levels of disease which 

suggests that the original population was probably larger (Royle 1840 in McArthur 

1967:179).  The prehistoric population density is likely, therefore, to have been at least 100 

people/km2, which is below the 200/km2 cited in Kirch (2000:434).  However, Kirch’s 

figure is based on “productive land”, not the actual size of the island in question and this 

qualification would raise the population density on Aitutaki somewhat.  That there was 

internal strife and competition is clear, in Williams’ accounts there are several references 

to endemic warfare on Aitutaki: “[in 1821] they were constantly killing, and even eating 

each other, for they were cannibals” (1838:17) and “subsequently [to the missionaries’ 

arrival] war had thrice broken out”(1838:18).   

On the face of it, therefore, Aitutaki seems to present a typical scenario for pig and 

dog extirpation: it is a small, relatively isolated island that was intensively cultivated in 

prehistory; most likely had a fairly high population density, though perhaps not as high as 

other islands that experienced extirpation; and experienced internal conflict and warfare.   

If humans and their commensal animals are eating a similar diet in an environment 

with limited resources they are likely to be in competition with each other.  According to 

the principle of competitive exclusion this may lead to a reduction in the survivorship, 
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growth and/or the reproduction of at least some of the individuals concerned.  The more 

similar the diet, the greater the competition will be (Begon et al. 1996:278-9; Oosting 

1956:207).  In theory, in such a situation one species will achieve competitive advantage 

over the other, forcing the less well adapted species to either shift its diet or become extinct 

in that ecological niche.  In a situation such as Aitutaki, where humans control the diet of 

their animals almost entirely, it is most likely that they will have their diets altered so they 

are in less direct competition with the humans, or they will be extirpated altogether.   

The amount of competition will depend on the composition of the human dog and 

pig diet.  The greater the reliance on high trophic level foods, the more intense the 

competition would be between species consuming a similar diet.  The greater the 

competition, the faster we might expect to see pig and dog diet moving away from human 

diet. 

The isotopic analysis clearly shows that the pigs and dogs were eating diets similar to 

the humans, and in the case of the dogs, were actually eating foods more enriched in 15N.  

This puts the pigs and dogs into much greater competition with the humans than either 

Kirch or Bay-Peterson had speculated.  The diet of pigs and dogs on other islands may be 

different however, and it should not be assumed that they were the same on all islands.  

Indeed the ethnographic literature reveals a wide range of husbandry practices throughout 

Polynesia. 

Interestingly, despite the high levels of competition between the three species, there 

is no evidence that pig and dog diet changed any faster, or to any greater degree, than the 

human diet did.  There is evidence for declining amounts of marine protein in the diet of 

humans and pigs, and a switch to more terrestrial protein for the dogs, but the diet changes 

seem to have been very similar across the board.  Giovas (2006:88) suggests that “…some 

processes, such as trophic level competition between humans and pigs, may have 
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functioned in tandem with island area to drive these domesticates to extinction when 

critical resource thresholds were breached”.  If trophic level competition was occurring and 

animal protein was considered a valuable food resource, then, over time, the isotopic 

results should show depletion in the δ15N values greater than any seen in the human 

samples as the animals were fed less and less animal protein.  Since this does not occur on 

Aitutaki two possible scenarios present themselves – firstly that resources on Aitutaki were 

never under such pressure that pigs and dogs would have been forced to alter their diets 

and any changes in diet were the result of cultural or environmental changes and, by 

extension, that if extirpation did occur it was not a result of competition for food.  The 

second scenario is pigs and dogs were so valuable culturally that even though there may 

have been pressure on resources they had access to high quality protein – the tipping point 

that Giovas mentions was not reached in prehistory.  This does raise the issue of what was 

more valuable culturally however, marine or terrestrial foods?  On an island where there 

may have been increasing pressure on terrestrial resources it may have been the marine 

foods that were of lower status and considered suitable fodder for pigs and dogs rather than 

valuable starches such as taro or breadfruit. 

The current evidence for dietary change over time does not show any particular 

pressure on pig or dog diet, despite the high potential for trophic level competition, 

suggesting that resources were always fairly abundant on Aitutaki, or that pigs and dogs 

were valuable and always fed well.  Neither of these scenarios ‘solve’ the problem of 

whether pigs and dogs were present on Aitutaki in prehistory, but they do provide another 

way of understanding the interplay between the three species on Aitutaki. 

7.9 Historical Ecology and Risk management in Prehistoric Aitutaki 

In Chapter 1 I summarised the possible outcomes of a perceived increase in risk 

surrounding early prehistoric subsistence systems, concluding that general theory predicts 
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a response that includes a more generalised production system, increased storage facilities 

and other technological developments, increased social networks, and possibly more 

violence.   

Possible sources of uncertainty identified include greater pressure on, and 

competition over, land and crops by increasing populations, thus rendering off-shore 

fishing more ‘risky’, as well as fishing in general as a result of resource depression at 

Ureia, and a decline in a perferred fish hook material (Allen 1992, 2002).  Other factors 

that might be involved are large-scale climatic changes involving rapid cycling between El 

Niño and La Niña weather patterns (ENSO variation), along with trends towards warmer 

or cooler temperatures (Labeyrie et al. 2003; Mann et al. 2005).  These changes could have 

had a two-fold effect, on one hand they would have affected the crops that were grown, 

altering growing cycles and causing fear of crop failure and starvation as well as affecting 

reefs and marine resources (Allen 2006).  In addition, it is speculated that the increased 

storminess reduced inter-island voyaging (Walter 1998) and perhaps left the people on 

Aitutaki feeling somewhat isolated and vulnerable. 

The isotopic analysis of the diet of humans, pigs and dogs shows a decline in the 

amount of fish consumed over time, thus confirming the archaeofaunal record which 

suggested the same trend.  The IsoSource results indicate that this decline is largely seen in 

the carnivorous fish category, again suggesting that it was the larger and harder to catch 

fish that were declining in importance rather than the smaller fish that could be caught 

closer to home and in a variety of ways.  This suggests that the people were focussing on 

taxa that were easier to procure but that might return less per fish, rather than expending 

effort on obtaining the larger, meatier, offshore carnivorous fish which while having a 

large return per fish, were harder to catch and therefore a riskier food source. 

It is hard to judge from the isotope results whether the increase in the amounts of C3 
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and C4 plants in the diet is in response to the decline in the amount of fish in the diet, or 

whether they were focussing their attention on terrestrial resources at the expense of the 

marine.  Allen (2002:208-9) favours the latter, with gardens and commensal animals 

becoming increasingly important in order to support a growing population on a finite 

amount of land.  This increasing emphasis on terrestrial resources came at the expense of 

fishing, and “offshore fishing in particular would have become increasingly expensive and 

risky, as well as requiring expensive technology (sea-worthy canoes and large, strong 

fishhooks)” (Allen 2002:208-9) 

Evidence for technological development and increased use of storage devices is 

scanty, although Allen (2002:209) notes that fish weirs were in use at European contact 

and these may be evidence of a shift to technologies that emphasise continuity of supply of 

smaller fish over a more erratic supply of larger species.  Nets (mass capturing devices) 

were also widely used at contact.  A shift to more intensive agricultural systems would also 

likely involve increased use of storage devices and technologies as is seen in another East 

Polynesian group, the Marquesas Islands, towards the end of the prehistoric sequence.  At 

this time there is strong evidence for pressure on resources and the increasing use of 

irrigated terraces for crops, as well as the building of increasing numbers of storage pits for 

fermented breadfruit paste which was used during periods of food scarcity (Kirch 

2000:261-3).  This kind of archaeological evidence is currently lacking in the Aitutaki 

record but archaeological work on the island has been limited. 

Evidence for conflict, along with widening social networks is another frequently 

cited response to the environmental pressures on the population (Kennett and Kennett 

2000:392; Larson et al. 1996:221).  The only evidence we have for social networks in 

prehistoric Aitutaki is its involvement in the larger inter-island and inter-group exchange 

networks that operated up until the 15th century.  Contacts with other islands in the group 
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and possibly further afield is documented well into the proto-historic period (Allen and 

Johnson 1997), but there is clear evidence for a decline in frequency over time, and the 

exchange networks appear to have diminished and become more localised.  For example, 

Atiu, Mauke and Mitiaro (Ngaputoru) had close social and political ties at contact (Walter 

1998).  What internal systems were operating on Aitutaki itself are unknown at this time, 

although the early missionaries did note endemic warfare on the island at European 

contact.   

It might be argued that the warfare simply indicates a society that was experiencing 

pressure on resources, resulting in conflict over land and crops.  However the pig and dog 

diets show that they had access to a wide range of dietary sources throughout prehistory, 

including a large amount of animal protein, which does not seem to indicate a society that 

is, on the whole, experiencing extreme pressures on dietary resources. 

In conclusion, the isotope evidence, along with was already known archaeologically, 

and combined with evidence for palaeoclimatic and environmental change, does indicate 

that there was a shift away from a diet that emphasised marine resources and contained 

moderate amounts of carnivorous fish which may have been more difficult to obtain, 

towards a diet that put more emphasis on terrestrial resources and fish that could be caught 

nearby in the lagoon.  Unfortunately the archaeological evidence for other forms of 

buffering against uncertainty such as intensification of agriculture and development of new 

technologies does not exist for Aitutaki at the present time.  Evidence for the decline and 

possible cessation of inter-island voyaging during prehistory does not indicate the 

population had an overwhelming need to maintain links with other islands, which work on 

other groups by researchers such as Colson (1979:20) and Kennett and Kennett (2000:389) 

suggest is a common reaction to increasing pressures of food resources.   
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7.10 Future Directions 

The results in this thesis raise a number of questions that, while not possible to 

answer within the scope of the project, could prove to be important. 

7.10.1 Outliers 

Two of the human values from Moturakau showed extremely enriched δ15N values, 

seemingly out of all proportion to the potential dietary sources they had available.  These 

samples were both teeth formed during childhood.  Initially it appeared that they were 

isolated outliers, representing two individuals who were doing some quite out of the 

ordinary, although there was a similarity to samples from the Micronesian atoll of 

Kapingamarangi (Leach and Ward 1981) and the Hanamiai site on Tahuata Island in the 

Marquesas (West 2007).  Recent work on samples from American Samoa has also revealed 

individuals with similar values, sitting as outliers to a more δ15N depleted population 

(Valentin et al. 2007).  The fact that this appears to be a widespread phenomenon instead 

of isolated cases in one population suggests that there is something worthy of note 

occurring in the region. 

There are a number of possible factors that could result in higher than normal δ15N 

values, such as those seen in the outliers from MR-1.  Most are not capable of enriching 

δ15N values more than a few permil on their own; but it is possible that these high levels 

could be a result of several different factors all working together and it is hard to rule out 

any on the basis that they only have a small effect.  Perhaps the most likely, simply 

because it is the only one capable of producing such large changes, is water loss. Giraffes 

and elephants are reported to have δ15N values elevated by up to 15‰ in areas where 

annual rainfall is under 800mm (Ambrose and DeNiro 1986; Heaton et al. 1986; Sealy et 

al. 1987), however this seems unlikely given Aitutaki’s annual rainfall is 1866mm 
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(Stoddart 1975).  It is possible that some people might experience similar water stress on 

an individual basis though, perhaps from spending long periods of time in boats on the 

open water either fishing or long-distance voyaging.  Starvation has a similar, but smaller, 

effect to water loss.  A study on δ13C and δ15N in anorexia nervosa patients (Macko et al. 

1999) showed that starvation enriches δ15N and depletes δ13C values compared to those 

seen in the patient at healthy weights.  However these differences were only in the order of 

0.6-2.2‰ for δ15N and 1.5-5.7‰ for δ13C (Macko et al. 1999), and the outliers’ δ13C 

values are within the range of the other Aitutaki samples.  The weaning effect can also 

elevate δ15N values but these samples came from adult second or third molars whose 

crowns are formed well after weaning. 

Eating plants high in nitrogen can raise δ15N values (Richards et al. 2003) but given 

the range of plant values collected on Aitutaki there is nothing high enough to produce that 

effect.  However its not possible to rule out a source that was not collected.  Eating large 

amounts of marine can also have the effect of enriching δ15N values, though as Minagawa 

(2005:99) points out, there should also be enriched δ13C values which are not the case for 

the outliers.  It is possible that if a person ate predominantly carnivorous fish such as shark 

or barracouda, or were cannibalistic, they could have enriched δ15N values but not 

correspondingly enriched δ13C values, but none of the carnivorous fish or humans (other 

than the outliers themselves) sampled had δ15N values sufficiently enriched, and published 

shark and barracouda values from the area are also not high enough to raise human values 

on their own.  Other animals that it would be useful to sample would be marine mammals 

such as porpoises which archaeological evidence suggests was eaten on Aitutaki, although 

not frequently (Allen 1992:391). 

Lastly is movement of people between islands, with people from islands with more 

enriched δ15N values moving to Aitutaki which has less enriched values.  This is quite 
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possible as there is ample evidence of inter-island voyaging and work on sourcing of stone 

from tools on Atituaki shows evidence for contact with Samoa, the Society Islands as well 

as within the Cook Islands itself (Allen and Johnson 1997).  Bentley et al. (2007) have 

used strontium, oxygen and carbon isotopes to look at immigration at Teouma, on Efate 

Island, Vanuatu.  They have shown that it is possible to differentiate between locals and 

immigrants, although in that particular case the recent arrivals had a more terrestrial 

signature.  However, the increasing evidence for δ15N enriched individuals from other 

islands in the region suggests that whatever causes this δ15N enrichment, it is not 

uncommon and could be accounted for through a combination of localised factors.  Clearly 

while most individuals on Polynesian islands eat a mixed diet with a heavy reliance on 

terrestrial foods, some individuals are eating a very different diet and/or were exposed to 

different conditions that result in an enriched δ15N isotopic signature.  It is unfortunate that 

the enriched samples from both Aitutaki and the Marquesas (West 2007) come from 

isolated finds of teeth rather than burials with good context and that little other evidence 

can be taken from the samples.  However, as more isotopic work is done on populations in 

Polynesia it should become clear how common these individuals are, and perhaps we will 

begin to understand what makes them so different to their contemporaries. 

7.10.2 Dietary variation in Polynesia 

When the average values (Ambrose et al. 1997; Leach et al. 1996; Leach et al. 2000; 

Leach et al. 2001; McGovern-Wilson and Quinn 1996; Valentin et al. 2006; West 2007) 

for all the sites discussed in Section 7.3.2 are graphed (Figure 7.7), broad groups are 

distinguishable, one more δ13C-enriched in its source of protein, the other more depleted.  

This division in δ13C values is highly significant (f=109.980, p=.000).     
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The more δ13C depleted populations are Moturakau (Aitutaki), Ahu Kihi Kihi Rau Mea, 

Oroi Cave, Ahu Mahatua, Ahu One Makihi, Ahu Akahanga, Akahanga Cave, Mahatua Poe 

Poe (Rapanui), Atele (Tonga 1), Sigatoka (Fiji 2), Cikobia (Fiji 4), Reber-Rakival 

(Watom), Afetna (Saipan 1), MacHomes, Nansay and Duty Free Site (Saipan 2), Teteto-

Guata, Unginao-Uyulan, Salug-Songton (Rota), Watom, and the San Antonio Burial 

Trench (Guam).  The more δ13C enriched populations are Ureia (Aitutaki), Natunuku (Fiji 

1), Lakemba (Fiji 3), Pea (Tonga 2) and Tina (New Caledonia). 

IsoSource can be used to characterise the diets of the two groups, and helps us to 

understand what factors were causing the differences.  The results were generated using 

Aitutaki dietary sample results to form the background samples, and without the 

Moturakau outliers, Kapingamarangi and Marquesas values, as they fall outside the main 

two groups and would skew the results considerably. 

The model suggests that for the δ13C-enriched group no one dietary source stood out 

as being particularly important (Figure 7.8), although there is a slight trend towards more 

terrestrial food in the diet.  Shellfish and Herbivorous/Omnivorous fish are the most 

important sources of marine protein, with Carnivorous fish least important source of 

protein overall.  The δ13C-depleted group is dominated by C3 plants and shellfish (Figure 

7.9).  There is a strong emphasis on terrestrial foods, and other than the shellfish, fish 

comprise a very small amount of the diet overall.  

The reasons behind this division between different sites on islands, islands and island 

groups falls outside the scope of this thesis but is deserving of further exploration.  Factors 

to consider would include distance from the site to suitable fishing areas, the availability of 

fish in those areas, the presence or absence of various fishing technologies (canoes, 

fishhooks, nets, weirs etc.) or cultural differences in dietary preferences.   
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Figure 7.8 IsoSource diet characterisation of the δ13C-enriched Pacific 

sites 
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Figure 7.9 IsoSource diet characterisation of the δ13C-depleted Pacific sites 
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7.10.3 Fish bone to flesh conversion 

One of the most important ways of ensuring accurate dietary reconstructions is to 

ensure that the dietary sources used are locally sourced and representative of the diet eaten 

in prehistory.  In Polynesia an important dietary source is fish, and for practical reasons it 

can be difficult to represent the entire range of species taken in prehistory in a collection, 

particularly if it is no longer common in the area.  Being able to use archaeological or 

reference collection bone would ensure a more complete fish isotope assemblage.  

However, the issues that arose as a consequence of converting fish bone to a flesh 

equivalents, as raised in Chapter 6, suggests that further work needs to be done on the 

isotopic relationship between fish bone and flesh in the region. 

This would not be difficult to achieve, simply submitting flesh and bone from a 

number of single fish with a variety of different diets would quickly establish the 

relationship.  Establishing this would allow archaeological and reference collection fish 

bone to be used with confidence in dietary reconstructions.  

7.11 Conclusions 

The results have wider implications beyond that of Aitutaki, both for Polynesia as a 

whole, and for the use of stable isotopes around the world. 

The isotopic evidence I have presented shows that Polynesian pig and dog diet has 

the potential to contain higher tophic level sources than had previously been suspected by 

archaeologists.  Previously in dietary reconstructions their diet had been characterised as 

containing low-trophic level foods depleted in δ15N, this based on ethnographic accounts 

from early European explorers and missionaries.  Obviously the situation at European 

contact was not necessarily the same as it was in prehistory.  The new evidence shows 

changes in their diet over time took place in prehistory, and the diet domestic animals had 
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at European contact was not the same as it was earlier in prehistory.  Like humans, pigs 

and dogs were not caught in a changeless past.  While the exact nature of pig and dog diet 

reconstructed here may be specific to Polynesia, the message is clear for work outside the 

area as well, and requires that researchers carefully consider the diet of the animals they 

are using in dietary reconstruction.  Further, previous work in Polynesia, which relies 

heavily on the use of pig and dog values from modern times in the dietary modelling, may 

need to be re-evaluated in light of the Aitutaki findings. 

The stable isotope results have reinforced the archaeological and ethnographic 

evidence of for the generalised nature of Polynesian diet, and even with a bias toward the 

protein component of the diet, the importance of plants, and therefore horticulture, in 

Polynesian subsistence systems is clear.  The importance of plant crops and terrestrial 

protein in the diet is clear from early on in the Aitutaki sequence, although the earliest 

portion of the settlement sequence is apparently not represented. 

The usefulness of dogs in stable isotope reconstructions of human diet has already 

been demonstrated elsewhere, a view corroborated by this study, and my work illustrates 

the usefulness of pigs in such analyses as well.  Although the Aitutaki pigs were more 

variable in δ15N, their overall diet resembled the human diet more closely than did the 

dogs, particularly in the important area of terrestrial foods. 

My work has also shown importance of including more than one commensal animal 

in analyses to reflect the full range of human diet, as results show that each animal 

corresponds most closely with a different aspect of the human diet.  While using one proxy 

will give a reasonable insight into the human diet, using two can provide a much more 

complete reconstruction.  The three species have a consistent relationship over time and 

therefore it is potentially possible to use pig and dog as a proxy for humans bone in 
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analyses where human bone is not available.  The approach also allows us to discern broad 

overarching changes in subsistence economies that affect multiple species. 

I have also demonstrated the importance of using the greatest number of samples the 

assemblage, and funding, will allow.  One of the main features of the Aitutaki human, pig 

and dog assemblages is the high levels of variation; and using single or small numbers of 

samples to represent the entire population runs the risk of using non-representative data 

and also reduces complex dietary variation within a population to one point on a graph.  As 

can be seen, a great deal of information is contained within that variation, allowing us to 

examine more complex issues than simply basic diet and how it changed over time.  These 

results remind us of the need to consider the ecological system as a set of adaptive 

relationships. 
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