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Abstract 

This study considers the chronology of pǕ construction, proliferation, and development through a 

spatio-temporal investigation of palisade construction activity identified at six pǕ within the Middle 

Waikato Basin. The centrality of pǕ to pre-European MǕori society is well evidenced through the 

archaeological record and traditional history. However, direct chronological evidence concerning 

their establishment, progression, and spread throughout the country is limited. Beyond a proposed 

commencement date of pǕ construction in New Zealand (AD 1500ï1550), interpretations of the 

motivations and variables responsible for their appearance and proliferation largely rely on 

archaeological interpretations and limited radiocarbon (14C) dating evidence. This state includes 

the predominant hypothesis proposing pǕ construction as a reflection of resource-driven conflict 

and territoriality primarily associated with the development of pre-European MǕori horticultural 

production. While recent research has added nuance to the archaeological discourse on pǕ, 

highlighting possible social and cultural influences for their construction and relation to MǕori 

warfare traditions, the challenge of creating meaningful chronologies to test these ideas persists.  

 

This situation primarily results from the imprecision of the 14C data used for chronological 

development. This lack of precision is largely the product of uniform periods of atmospheric 14C 

production observed within the Southern Hemisphere during long periods since New Zealandôs 

settlement. However, the effect of this imprecision is compounded by New Zealandôs short 

chronology, resulting in a short window of time to explore the development and evolution of MǕori 

culture before European arrival. Additionally, limitations in the application of 14C dating within 

New Zealand (i.e., small sample numbers, poor sample taphonomy and provenance, and the limited 

application of Bayesian chronological modelling) have further restricted meaningful chronological 

development on the timescale required for dealing with palimpsests within the archaeological 

record. These three factors have ultimately inhibited explorations of the link between pǕ and the 

broader archaeological landscape.  

 

This thesis establishes a comprehensive chronological framework that addresses these constraints. 

Wiggle-match dating is used to provide an accurate and precise calendar date for the felling of a 

tree used in the construction of a palisade defence. These specific events are examined using the 

theory of time perspectivism, focusing on three distinct scales of analysis: Event, Local, and 

Regional.  
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The event scale of analysis successfully produced 20 high-precision Felling Dates on posts 

recovered from Lake Mangakaware 1 (MA1), Lake Mangakaware 2 (MA2), Lake Mangahia 

(MGA), Taraheke PǕ (TAR), Te Uapata PǕ (TEU) and Lake Rotokauri (ROT). The local scale 

analysis utilised these Felling Dates to track the development of the identified palisade defences 

over time, identifying multiple palisade construction phases, representing construction, repair and 

redevelopment episodes at MA1, MA2, MGA and TEU. Finally, the regional scale analysis 

integrated this evidence into a broader chronological framework, identifying shared episodes of 

palisade construction activity within the Middle Waikato Basin. This analysis highlights three 

critical periods of socio-political stress and stability between the late fifteenth and early nineteenth 

centuries, related to hypothesised influential variables from the broader cultural and archaeological 

landscape that are proposed to be responsible for the emergence, proliferation and development of 

pǕ over time. 
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Chapter 1. Introduction 
 

1.1 Research Overview 

The construction of pǕ (fortified places) in Aotearoa/New Zealand represents a significant shift 

in pre-European MǕori settlement patterns, providing one of the most visible representations 

of cultural change in the archaeological record. PǕ are a site classification within Polynesia that 

is unique to New Zealand, characterised by the presence of defensive features (terraces, ditches, 

banks, palisades, etc.) that imply a primary function of the site type. Archaeological 

excavations have shown that the form of these defences can range in scale and complexity. 

Additionally, the types of habitation and communal activities (religious, economic and 

domestic) associated with these sites are similarly diverse (Gorbey, 1970; Green, 1970; Groube, 

1970; Bellwood, 1971b, 1971c, 1972b; Law & Green, 1972; Fox, 1976; Bellwood, 1978a; 

Davidson, 1987; Wilkes, 1995; Barber, 1996; Sutton et al., 2003). Therefore, while defence is 

considered a primary function of this site classification, pǕ were also multifunctional spaces 

constructed in response to motivations that inevitably varied and changed over time 

(Mihaljevic, 1973; Daugherty, 1979; Davidson, 1984; Marshall, 1987; Phillips, 1995; Barber, 

1996).  

 

Previous research indicates pǕ were first constructed during the Transitional Period (AD 1450ï

1650) (Schmidt, 1996; Anderson, 2016), a 200-year episode of proposed environmental change 

and cultural development (see Newnham et al., 1998a; Lorrey, 2008; Mann, 2009; Fowler et 

al., 2012; Abram, 2014; Anderson, 2014; Goodwin et al., 2014; Roop, 2015; Newnham et al., 

2018; Anderson & Petchey, 2020; Brown & Crema, 2021; Bunbury et al., 2022). This initial 

period of fortification is thought to reflect a response to this changing landscape, as regional-

specific climate declines and associated changes in resource availability resulted in population 

migration into regions exhibiting conditions favourable for horticultural production, leading to 

this period of cultural change. As a part of this process, pǕ emerged as populations sought to 

establish central places within these contested landscapes while also exhibiting a physical 

representation of community identity (Groube, 1964, 1965, 1970; Mihaljevic, 1973; Fox, 1976; 

Daugherty, 1979; Allen, 1994; Sutton et al., 2003; Anderson, 2014; Allen, 2016; Anderson, 

2016; McCoy & Ladefoged, 2019; Irwin, 2020). 
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Figure 1.1.1. The distribution of pǕ (yellow dots) in New Zealand1. 

 

However, over time, pǕ continued to be constructed throughout New Zealand, with these sites 

subject to periodic abandonment, reoccupation and redevelopment in response to a range of 

theorised variables (Irwin, 1985; Davidson, 1987; Marshall, 1987; Allen, 1994; Barber, 1996; 

 

1 This figure contains data sourced from the New Zealand Archaeological Associationôs Site Recording Scheme 

(Archsite) and the LINZ Data Service, which is licensed for reuse under CC BY 4.0. 
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Sutton et al., 2003; Marshall, 2004; Allen, 2008a; Irwin, 2013; Allen, 2016; Irwin, 2020). 

Crucially, over 7,000 pǕ are recorded nationally (Figure 1.1.1), the majority of which are 

located in regions of the North Island that supported pre-European horticulture (Best, 1927; 

Gorbey, 1970; Groube, 1970; Fox, 1976; Irwin, 1982; Davidson, 1984; Irwin, 1985; Davidson, 

1987; Allen, 1994, 2008a, 2016). This observation has led to the predominant hypothesis that 

the continued proliferation of pǕ across the country was closely associated with the 

development and spread of horticultural practices, resulting in resource-driven (economic) 

conflict and increased territoriality and competition over favourable gardening areas. While 

compelling, it must be acknowledged that this idea is largely based on the spatial correlation 

of pǕ within areas with a favourable climate for kȊmara production.  

 

Environmental processes, resource availability, and the control of territory undoubtedly 

spurred conflict. Economic (resource-driven) causes of friction within MǕori society are 

evident in traditional records, including conflict over horticultural land, fishing grounds and 

eel weirs (pǕ tuna). However, so too were murder, prestige and status (mana), infringement of 

tapu (traditional prohibitions), the rebalancing of perceived slights (utu), and existing traditions 

of warfare (i.e., taua muru, a hostile plundering expedition) (see Ballara, 1976). Therefore, the 

social and political structures of MǕori society were also influential, which, while challenging 

to identify archaeologically, are central to understanding variation in the frequency and scale 

of aggression (Clark & Lister, 2022, p. 22). The centrality of these social structures is evident 

when considering that the control and/or management of resources is not solely related to group 

survival, and can also be related to the desire to maintain and expand existing economic and 

social systems (Clark & Lister, 2022, p. 11). Therefore, alternate reasons for conflict and pǕ 

construction are often overlooked during this period by focusing purely on resource-driven 

motives. Importantly, one or a combination of these variables at any one time could result in 

an episode of pǕ construction, with the influence of these motivations changing over time. 

Therefore, explanations of the variables responsible for pǕ construction must reflect this 

complexity. 

 

Despite the evident importance of pǕ within MǕori society, it remains difficult to generalise 

about their proliferation and development over time. While many pǕ have been recorded 

throughout the landscape, few have been extensively investigated archaeologically, and even 
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fewer have an established occupation history evidenced by a comprehensive radiocarbon 

dataset (< 2%). Thus far, Schmidtôs (1996) research is the only attempt to place pǕ in a national 

chronological sequence, proposing that pǕ construction likely began between AD 1500ï1550. 

Beyond the commencement of pǕ construction in New Zealand, chronologies derived from 

locally or regionally specific research are yet to be linked into a comprehensive national 

sequence (Gorbey, 1970; Fox, 1976; Green, 1978; Davidson, 1984, 1987; Sutton, 1993b; 

Sutton et al., 2003; Irwin & Jones, 2004; Davidson, 2011; Irwin, 2013; McIvor & Ladefoged, 

2015; Allen, 2016; McCoy & Ladefoged, 2019; Irwin, 2020).  

 

New Zealandôs short chronology has contributed to this lack of meaningful chronological 

development (see Anderson, 1995; Higham & Hogg, 1997; Newnham et al., 1998b; Higham 

& Jones, 2004; Lowe & Newnham, 2004; Walter et al., 2017; Bunbury et al., 2022), taking 

place over a period associated with considerable variation in the concentration of atmospheric 

radiocarbon (14C) (McCormac et al., 1998b; McCormac et al., 2002; Hogg et al., 2020; Hogg 

et al., 2022). Specifically, 14C calibration curves developed for the Southern Hemisphere show 

extended periods of uniform atmospheric 14C levels (plateaux) around AD 1100, 1350, 1550, 

and 1750,  which together span the entire history of New Zealand prior to sustained European 

settlement. (see Hogg et al., 2013a; Hogg et al., 2020). Consequently, even AMS radiocarbon 

dates (with small standard errors) derived from archaeological material that coincides with 

these plateaux can suffer from low precision calendar age ranges, if the precision of the 14C 

analysis is such that it cannot distinguish between the wiggles in the calibration curve, 

inhibiting their interpretation to the broader archaeological landscape. The last two calibration 

plateaux (AD 1550 and 1750) are particularly relevant for this study, as they cover a large 

portion of the period in which pǕ were constructed and occupied.  

 

This lack of precision is compounded by further issues associated with the application of 

radiocarbon dating in New Zealand, including discrete small-scale excavations with limited 

stratigraphic controls, insufficient 14C sample numbers, poor understanding of sample 

provenance and taphonomy resulting from historical excavations, a reliance on bulk terrestrial 

(charcoal) 14C samples for standard radiometric dating with large standard errors (which until 

recently were due to insufficient data for marine sample calibration and correction, see Petchey 

& Schmid, 2020), and the limited application of Bayesian chronological modelling. This 
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scenario has restricted meaningful chronological development, preventing fine-grained 

examinations of pǕ and the processes responsible for their emergence, spread, and development.  

 

Overcoming these limitations remains one of the most significant challenges when 

investigating pǕ. However, recent applications of accelerator mass spectrometry (AMS) 14C 

dating (e.g., Anderson & Petchey, 2020; Petchey & Schmid, 2020; Bunbury et al., 2022) and 

wiggle-match dating (WMD) in New Zealand (see Hogg et al., 2012; Hogg et al., 2017; Hogg 

et al., 2019b), have shown promise in defining fine-grained chronological frameworks, 

providing accurate and precise calendar dates for specific events within defined periods, that 

can potentially be linked to overarching cultural and environmental processes of change. Of 

relevance is the pilot study conducted for this research (see Hogg et al., 2017), which 

investigated the potential of WMD to produce accurate calendar ages for OtǕhau PǕ in the 

Waikato region. The chronological approach implemented by Hogg et al. (2017) demonstrated 

that precise calendar dates could be generated for artefacts (posts) from wetland environments 

that directly relate to single-phase archaeological events (the construction of a palisade), 

achieved on a generational timescale (< 25 years). The research presented here seeks to build 

upon the research presented by Hogg et al. (2017), expanding this chronological approach 

within the Middle Waikato Basin (also known as the Hamilton Basin).  

 

1.2 Thesis Aim 

This thesis aims to establish a comprehensive chronology of pǕ construction, proliferation, and 

development within the Middle Waikato Basin. Wiggle-match dating generates precise 

óFelling Datesô for posts that were installed within palisade defences at six pǕ. These Felling 

Dates are interpreted using a multi-scalar research approach, providing direct evidence for 

when these sites were first fortified, how the palisade defences at each pǕ developed over time, 

and how shared episodes of palisade construction activity relate on a regional scale. This multi-

scalar research approach allows the identified palisade construction activity to be 

contextualised with respect to the events, activities and behaviours observed within the 

archaeological record, facilitating fine-grained interpretations and chronological comparisons 

between local, regional and national archaeological landscapes.  
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Figure 1.2.1. The distribution of pǕ (red dots) within the Middle Waikato Basin2.  

 

The Middle Waikato Basin (see Lowe, 2010) was specifically chosen for this analysis because 

it has a long history of archaeological research (e.g., Law, 1968; Pick, 1968; Bellwood, 1971b, 

1972a; Cassels, 1972a; Law & Green, 1972; Clarke, 1977; Bellwood, 1978a; Singleton, 1988; 

 

2 This figure contains data from the New Zealand Archaeological Associationôs Site recording scheme (Archsite) 

and the LINZ Data Service, which is licenced for reuse under the CC BY 4.0 licence. 
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Gumbley, 2021), a rich recorded traditional history of the Tainui peoples (Jones & Biggs, 1995; 

Phillips, 1995; Kelly, 2002), and has over 150 pǕ sites recorded in the landscape (Figure 1.2.1). 

Six pǕ were selected for inclusion in this study: Lake Mangakaware 1 (MA1), Lake 

Mangakaware 2 (MA2), Lake Mangahia (MGA), Taraheke PǕ (TAR), Te Uapata PǕ (TEU) 

and Lake Rotokauri (ROT). Archaeological excavations were conducted at these sites to 

identify, map, and record palisade defences in situ (i.e., in their original position or place), with 

a selection of posts from each site sampled for analysis. PǕ situated in wetland environments 

(i.e., pǕ found around lakes, in swamps and on river headlands) were targeted for this research 

because they exhibit the necessary environmental conditions required to preserve their palisade 

defences (e.g., Hewitt et al., 2021a). However, the interpretations and conclusions generated 

from this research are representative of pa in general from within the Middle Waikato Basin, 

allowing broader regional and national comparisons.  

 

As with any attempt to develop a chronological framework for archaeological processes, 

careful consideration of time theory is essential. In this research, the theory of time 

perspectivism is applied (see Bailey, 1981; Wandsnider, 2004; Bailey, 2005, 2007; Altizer, 

2008; Bailey, 2008; Sullivan, 2008; Epp, 2010; Rzepecki, 2014), and defined by four key ideas: 

different phenomena operate at disparate timespans and resolutions; these individual 

phenomena should be viewed at their own timescale; differential time has a distorting effect on 

perspectives which an awareness of perspective corrects; and observations of time are 

inherently subjective (Bailey, 2008, p. 201). In this way, time perspectivism applies multiple 

scales of explanation to examine the archaeological record (Holdaway & Wandsnider, 2008), 

allowing the exploration of the distinct environmental and cultural processes embodied in the 

archaeological record (Hull, 2005). A time perspectivism approach is applied through three 

scales of analysis: event, local and regional.  

 

1.2.1 Objective One (Event Scale) 

The first objective focuses on the scale of an individual event: the felling of a tree used to 

construct a palisade (Felling Date). WMD provides an accurate and precise calendar date for 

this event, interpreted as a TPQ (terminus post quem) for the installation of a post in a palisade 

row. A TPQ refers to the earliest possible date for an event or artefact deposited in the 
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archaeological record. This interpretation assumes that each Felling Date represents the year in 

which the post was installed (i.e., timber was not stored over multiple years and used in multiple 

phases of palisade construction). This assumption is based on two considerations: (i) the 

motivation for building a palisade and (ii) the time, resources and organisation required. Firstly, 

there must be a specific motivation for the construction of these defences, with this event 

representing a physical response to some internal and/or external variable(s) (economic/socio-

political) affecting these populations within a distinct period. Secondly, constructing these 

defences is a major task requiring considerable labour, time and planning. Therefore, it is 

unlikely that substantial amounts of timber were felled at a specific time and stored for an 

unplanned future use. Based on these considerations, in consultation with available 

archaeological evidence, the earliest Felling Date determined for each pǕ is used as proxy 

evidence for when palisades were first constructed (in association with the available 

archaeological, radiocarbon and traditional history evidence), possibly representing when the 

site was first occupied as a pǕ.  

 

1.2.2 Objective Two (Local Scale) 

The second objective focuses on the local scale (individual pǕ site), aiming to identify the 

development of the palisade defences through time. This scale of analysis assumes that once 

palisades were constructed, they would have continued to be maintained and/or changed over 

time. Therefore, while a Felling Date produced on a single post from a specific alignment can 

be interpreted as a distinct event, when several posts are sampled and analysed from multiple 

contexts (different palisade rows and areas of a pǕ), the resulting assemblage likely represents 

a cumulative palimpsest of multiple events over time (see Section 3.1). Consequently, WMD 

on several posts from each site can be used to identify possible phases of palisade construction 

activity. Possible phasing within these defensive structures includes initial construction periods,  

repair episodes (individual posts replaced within a singular alignment) and redevelopment 

activities (constructing additional palisade rows within the same area).  

 

1.2.3 Objective Three (Regional Scale) 

The third objective focuses on a regional scale, relating all identified phases of palisade 

construction activity from individual pǕ into a regional chronological framework. As an 
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assemblage of posts recovered from an individual pǕ can represent multiple events over time, 

an assemblage of posts recovered from multiple pǕ within a landscape can also be considered 

a cumulative palimpsest on a regional scale. Therefore, the regional scale of analysis seeks to 

identify shared spatio-temporal patterns of palisade construction activity in the Middle Waikato 

Basin over time, including shared episodes of palisade construction, repair and redevelopment. 

Shared regional episodes of palisade construction activity are interpreted here as evidence of 

the overarching controlling variables responsible for the emergence, occupation and 

development of pǕ over time.   

 

1.3 Chapter Outline 

This thesis is divided into thirteen chapters to achieve the above-mentioned aim and objectives. 

Chapter 2 begins with a discussion on the chronology of New Zealand, focusing on the 

Transitional Period and the proposed environmental and cultural processes which led to the 

emergence of pǕ. Following this discussion, the history of archaeological investigation into pǕ 

is explored, outlining the dominant theoretical approaches, the close association of pǕ with 

horticulture and warfare, and previous attempts to establish chronological frameworks for pǕ, 

highlighting the challenges and limitations of these approaches.  

 

Chapter 3 explores the importance of time theory and its application in chronological 

development. The theory of time perspectivism is championed as a practical, theoretical 

approach for interpreting archaeological data, emphasising the importance of a multi-scalar 

research strategy when undertaking archaeological analysis. Chapter 3 also provides a general 

overview of radiocarbon dating, including the basic theory and history of the technique, 

developments associated with calibration and detection methods (AMS), and the application of 

Bayesian analysis and the WMD technique.   

 

Chapter 4 provides contextual information about the six pǕ investigated in this study. This 

review of each site includes a basic site overview, any previous archaeological research 

conducted, and the publicly available radiocarbon data. Chapter 5 describes the methods used 

to conduct this research, focusing on archaeological excavation, recording and sampling, 
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sample assessment and preparation, tree species identification, tree-ring analysis, 14C ring-

block sampling and pretreatment, and WMD parameters.  

 

Chapters 6 to 11 detail the results of investigations and analysis from each pǕ, focusing on the 

archaeological excavations, assessments of the post assemblages, tree species identification, 

tree-ring analysis, and WMD (event scale of analysis). Chapter 12 presents the method and 

results of the local and regional scale analyses, outlining how Bayesian analysis via OxCal 

modelling is used to interpret the local development of identified palisade defences and 

episodes of shared regional palisade construction activity. Finally, Chapter 13 presents a 

synthesis of the research conducted in this study, including a detailed discussion of the 

conclusions, limitations, and interpretations made during each analysis stage. This chapter 

culminates with concluding remarks and future research possibilities.
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Chapter 2. Context and Background 
 

2.1 The Transitional Period (AD 1450ï1650) 

Several different hypotheses concerning New Zealandôs settlement date have been put forward 

since the 1980s (see Davidson, 1985; Kirch, 1986; Sutton, 1987; Anderson, 1991, 1995; 

Higham & Hogg, 1997; Lowe et al., 1998; Newnham et al., 1998b; Lowe et al., 2002; Hogg et 

al., 2003; Higham & Jones, 2004; Walter & Jacomb, 2007; Wilmshurst et al., 2008; Walter et 

al., 2010; Wilmshurst et al., 2011; Walter et al., 2017). However, an archaeological consensus 

of New Zealandôs settlement in the late thirteenth century is now generally accepted, with 

Bunbury et al. (2022) identifying a quantifiable temporal gap between the initial human 

settlement of the North and South Islands of New Zealand, beginning in the North Island (AD 

1250ï1275), with the South Island colonised a decade later (AD 1280ï1295). This settlement 

date constrains the period before sustained European contact in the eighteenth century to 

around 500 years. Within this time frame, ótraditionalô MǕori society (as encountered by 

Europeans) emerged from its ancestral Polynesian roots, adapting to a range of theorised 

environmental and cultural processes. This period of cultural transformation is defined by 

Anderson (2016, p. 7) as the Transitional Period (AD 1450ï1650), describing it as a 

ñshadowland between highlights of Polynesian colonisation and classic MǕori cultureò. The 

Transitional Period is characterised by several interconnected variables: regionally specific 

climate deteriorations, the northward retreat of horticultural practices, fluctuating population 

dynamics, and changes to the social structures of MǕori society. Crucially, this period is also 

when pǕ are thought to have emerged in New Zealand (Schmidt, 1996), representing a 

significant change to MǕori settlement patterns and a visible sign of this cultural change.  

 

2.1.1 Climate Fluctuation 

While archaeological discourse surrounding the influence of climate fluctuations on pre-

European MǕori society is not new (see Leach, 1981), recent research has sought to clarify the 

timing and nature of its effects (see Lorrey, 2008; Mann, 2009; Abram, 2014; Goodwin et al., 

2014; Roop, 2015; Anderson, 2016; Bunbury et al., 2022). Generally, three broad climatic 

regimes characterise the climate patterns of New Zealand: La Niña (Blocking), El Niño (Zonal), 
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and Trough (see Kidson, 2000). The La Niña regime sees wet conditions affecting the north 

and east of both main islands, with drier conditions in the west. The El Niño regime brings wet 

conditions to the south and west of the South Island but drier conditions elsewhere. Finally, the 

Trough regime affects the entire country and is characterised by wet, cloudier and colder 

conditions (Anderson, 2016, p. 5).  

 

These three climate regimes have varied over New Zealandôs occupation history, influencing 

national and regional climate conditions. For example, the La Niña regime with high 

precipitation rates was prevalent in the North Island between AD 1350ï1500, coinciding with 

both ñnear-normalò temperatures before AD 1450 and cooler temperatures after AD 1450 

(Lorrey, 2008; Bunbury et al., 2022). In the South Island, dry and mild La Niña conditions 

were prevalent from AD 1360ï1385, with wet and cold Trough conditions around AD 1385ï

1435 (Roop, 2015). Additionally, unstable Trough conditions have been shown to coincide 

with the negative phase of the Southern Annular Mode (SAM) wind circulation patterns 

(Abram, 2014), which are linked to the Little Ice Age (LIA). The timing of these Trough 

conditions aligns with the lowest temperatures in the Northern Hemisphere during the LIA (AD 

1400ï1700) (Mann, 2009). Additionally, Petchey and Schmid (2020) identified an extreme 

oceanic event between AD 1350ï1400, coinciding with the LIAôs start. In contrast, the short-

lived return of the marine 14C signal to its usual level corresponds to a period of stable weather 

from AD 1400ï1450 in the North Island. This climate pattern is indicative of the LIA, which 

drastically altered the environmental conditions of New Zealand and brought frequent climate 

downturns accompanied by southerly fronts (Fowler et al., 2012; Lorrey et al., 2014; Roop, 

2015). Consequently, it appears probable that cooler seasonal temperatures (linked to the LIA) 

in the South Island during this period (AD 1400ï1700) considerably impacted the MǕori 

economy and subsistence strategies (e.g., Barber & Higham, 2021; Bunbury et al., 2022).  

 

2.1.2 Limitations on Horticultural Production  

A significant effect of this fluctuating climate was the extent to which kȊmara could be grown 

in the southern margins of New Zealand. The commencement date of MǕori horticultural 

activities in New Zealand is still debated (see Section 2.2.2). However, Anderson and Petchey 

(2020) recently reviewed a wide range of evidence regarding the introduction of kȊmara to 
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New Zealand and its dispersal. They found that terrestrial and marine 14C ages modelled with 

the South Pacific curve (see Petchey and Schmid, 2020) point to horticultural production being 

established across the North Island coast by AD 1250ï1300 and in the South Island by AD 

1290ï1390. This introduction coincides with widespread landscape burning in the South Island 

(see Perry et al., 2014; Newnham et al., 2018), which during this period is thought to reflect 

the vulnerability of these forests to fire rather than any horticultural intent, except perhaps in 

the northernmost districts. However, Bunbury et al. (2022, p. 5) propose that this period of 

forest clearance could reflect horticultural practices in the South Island between AD 1280ï

1450, highlighting that this process continued for approximately 30 years after moa hunting 

had diminished (i.e., reflecting a change in subsistence). In the North Island, where forests were 

more resilient to burning, Newnham et al. (2018) previously described a two-step pattern of 

forest burning, with an initial phase of forest clearance starting just before the Kaharoa tephra 

deposit, AD 1314 ± 12 (Hogg et al., 2003; Lowe et al., 1998; Newnham et al., 1998b), followed 

by more extensive inland deforestation around AD 1400ï1450. Bunbury et al. (2022, p. 5) 

suggest that this second phase of North Island inland deforestation is synchronous with 

expanding horticulture practices between AD 1390ï1450, a brief period of finer weather in the 

North Island, and the expiration of moa as a primary food resource in the South Island. They 

conclude that the onset of the LIA in the South Island (AD 1385ï1435) and the reduction in 

moa subsistence (AD 1400ï1420) pushed MǕori communities to their economic limits, 

increasing mobility to the economically more stable North Island.  

 

KȊmara will not grow in soil temperatures of less than 15 ÁC (Anderson, 2022, p. 55). Previous 

research suggests that kȊmara cultivation in the early period (before AD 1450) may have 

reached as far south as the Kaikoura coast and possibly to Banks Peninsula (Trotter & 

McCulloch, 1999; Bassett et al., 2004). However, a fall in mean annual temperature of 1.0ï

1.5 °C at sea level by the sixteenth century is suggested to have shifted the viable cultivation 

limit 145 km north, with cultivation no longer occurring south of the lower half of the North 

Island (Burtenshaw et al., 2003; Leach, 2005; Burtenshaw & Harris, 2007; Barber, 2012; 

Anderson, 2022) or cultivation was at least substantially constrained. This proposed shift 

results in the marginal limit of agriculture being almost as far north as Hawkes Bay (Anderson, 

2016), implying a northward retreat in gardening practices coinciding with the LIA (see also 

Newnham et al., 1998a; Newnham et al., 2018). Heavy rainfall was also problematic for 

kȊmara production and preservation. Rainfall increased substantially over most of New 
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Zealand in the coldest years of the LIA (AD 1400ï1560). It is quite possible that this increased 

rainfall led to the frequent rotting of kȊmara in the ground and while stored, potentially creating 

a food production crisis in regions of marginal horticultural production (Anderson, 2022, p. 

55).  

 

2.1.3 Population Dynamics  

Models of past population dynamics have played a key role in investigations of sociocultural 

change in much of Polynesia (e.g., Kirch, 1984b; Kirch & Rallu, 2007; Pulestion & Tuljapurkar, 

2008). These models generally examine the relationship between food production and 

population growth (Kirch, 1984b, p. 103) and typically describe a small founding population 

that undergoes rapid demographic expansion through the exploitation of abundant natural 

environments and resources (Anderson, 2002). These natural resources supplemented settler 

populations as they transitioned their subsistence strategies into food-producing economies 

(see Kennet et al., 2006). Once these settler populations were established, population levels 

continued to increase via agricultural intensification, investment in landesque capital (e.g., 

Ladefoged & Graves, 2007), and the spread of agriculture into marginal production zones (see 

Kirch, 1984b, 2007). Population growth eventually plateaus due to environmental constraints 

and/or social processes relating to the emergence of socio-political hierarchies (Kirch, 1984b). 

However, unique regional-scale variations in population growth are evident through proposed 

links between ecological, demographic, and cultural factors (Kirch, 2007). In particular, 

population growth patterns are influenced by the regional suitability for Polynesian food 

production and the increased competition associated with establishing these systems (see 

Anderson, 2001; Kirch, 2004, 2007; Kirch & Rallu, 2007; Lee & Tuljapurkar, 2008; Thomas, 

2008). Because of this relationship, local and regional scale palaeodemographic models are 

crucial when attempting to develop a detailed understanding of the past.  

 

Brown and Crema (2021) demonstrated the importance of this regional scale, revealing that 

nationwide demographic models obscure regional variation in New Zealand. They suggest a 

low population density in the northern horticultural area until AD 1450ï1500, followed by a 

period of growth that culminates in a distinct population plateau. This population growth model 

is similar to the ñlogisticò settlement hypothesis (see Kirch, 1984b; Anderson, 2002), which 
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proposes that populations in the north reached carrying capacity when the landscape became 

densely populated and the productive and marginal horticultural regions were exhausted. 

Brown and Cremaôs (2021) model for the non-horticultural south suggests that the population 

rapidly grew before sharply declining as faunal resources diminished around AD 1450 (see 

also Allentoft et al., 2014; Jacomb et al., 2014). Building upon the work of Brown and Crema 

(2021), Bunbury et al. (2022) utilised a much larger and diverse 14C dataset, proposing a 

logistic population growth (up to AD 1400) as a general population trend in New Zealand. 

They also highlight significant differences in North Island and South Island population trends, 

including a shift in population ~100 years earlier than previously suggested, that corresponds 

with regional climate trends, deforestation patterns, and changes in subsistence practices. 

 

Closely associated with population dynamic trends is the occurrence of population migration. 

Migration is a characteristic feature of the Transitional Period and is a dominant theme in the 

oral traditions of that time (e.g., Jones & Biggs, 1995; Phillips, 1995; Kelly, 2002; Anderson, 

2014). For example, deliberate inland Tainui migration inland from Kawhia in the Waikato is 

proposed to have begun around AD 1520, and by around AD 1550, people had moved further 

east, north, and south (Anderson, 2014, pp. 114ï119). Anderson (2016) hypothesised that a 

rising population was reaching the point where the redistribution of people was becoming 

necessary, or a drop in mean annual temperature in the period between AD 1400ï1700 

(associated with the unstable trough conditions which coincided with the negative phase of the 

SAM wind circulation patterns discussed above (see Abram, 2014)) affected groups on the 

horticultural margins, stimulating migration to regions with a warmer and more stable climate 

(see also Newnham et al., 1998a; Newnham et al., 2018; Brown & Crema, 2021; Bunbury et 

al., 2022). 

 

Later, Anderson (2022, p. 46) proposed that population migrations in New Zealand were almost 

inevitably hostile incursions involving warfare, inducing subsequent migration and additional 

episodes of conflict. Ultimately, migrational conflict resulted in the establishment of residential 

rights for newly arrived migrants. Following this hypothesis, Anderson (2022, p. 46ï53) 

proposes that population migrations can be used as an index of the frequency of notable warfare 

(c.f. Thorpe, 2003, p. 146), highlighting three phases of long-term patterns in warfare and 

migration: (i) Phase I: Colonising migration (AD 1280ï1340), (ii) Phase II: Early tribal 
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migration (AD 1460ï1640), and (iii) Phase III: Late tribal migration (AD 1820 onwards). 

These three phases are evenly spaced across the pre-European era and are proposed to be 

separated by intervals of less frequent warfare that lasted a century or more. Anderson (2022, 

p. 53) argues that the peaks of this activity occurred about AD 1300, AD 1500ï1600 and AD 

1820, approximately 200 years apart. Anderson highlights that these periods are more or less 

equidistant in time, implying that they could represent a cyclical behaviour of cultural activity.  

 

2.1.4 The Emergence of PǕ 

The appearance of pǕ in the Transitional Period is thought to reflect the emerging pressure 

brought on by these environmental and cultural processes. Schmidt (1996) proposes the 

national onset of pǕ construction around AD 1500ï1550. Generally, the emergence of pǕ in the 

archaeological record is stated to reflect a response to protect horticultural zones and food 

stores during increasing population density and competition (Groube, 1970; Law & Green, 

1972; Green, 1975; Fox, 1976; Davidson, 1985; Irwin, 1985; Davidson, 1987; Allen, 2008a; 

Anderson, 2014; Allen, 2016; Anderson, 2016). Horticultural constraints consequent to 

migration from the tropics to temperate New Zealand meant that only one kȊmara crop could 

be produced yearly (Burtenshaw et al., 2003; Leach, 2005; Burtenshaw & Harris, 2007; Barber, 

2012; Anderson & Petchey, 2020). Consequently, protecting that single harvest for food and 

seed tubers and the rich sources of wild plant foods was more critical (Anderson, 2022, p. 43). 

Anderson (2016, 13) hypothesised that this increased competition influenced the construction 

and distribution of pǕ sites, which closely follows the distribution of horticulture. However, the 

construction and occupation of pǕ cannot solely be thought of as a function of kȊmara storage 

and protection (see Section 2.2.1), as these sites are also associated with habitation, community 

identity, religion, and status (Mihaljevic, 1973; Daugherty, 1979; Irwin, 1982; Davidson, 1984; 

Barber, 1996; Sutton et al., 2003).  

 

2.2 An Archaeological Examination of PǕ  

PǕ have long been the focus of rigorous archaeological debate and discussion (e.g., Best, 1927; 

Groube, 1964; Pick, 1968; Gorbey, 1970; Green, 1970; Groube, 1970; Law & Green, 1972; 

Fox, 1976; Irwin, 1982; Davidson, 1984; Irwin, 1985; Davidson, 1987; Marshall, 1987; Sutton, 

1993a, 1993b; Allen, 1996; Schmidt, 1996; Allen, 2008b; Hogg et al., 2017). Early 
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archaeological interpretations of pǕ were dominated by two theoretical paradigms: (i) culture 

history studies and (ii) settlement pattern analysis. Both approaches attempt to simplify the 

archaeological evidence identified at pǕ by controlling for spatial and chronological variation. 

The culture history approach attempted to use material culture (i.e., diagnostic artefacts) 

recovered from defined stratigraphic contexts to establish temporal relationships between sites 

in different regions. This approach sought to tie pǕ together in a regional sequence using the 

presence or absence of specific ódiagnosticô artefacts and complementary 14C dating (see  

Golson, 1960a; Golson, 1960b; Shawcross, 1964, 1968; Fox, 1976). However, identifying 

portable artefacts suitable for use as a diagnostic chronological signature proved challenging, 

with several extensive pǕ excavations failing to produce the required artefacts (see Parker, 1962; 

Shawcross, 1963, 1966; Furey, 1996). Furthermore, the resulting evidence from these 

excavations suggested that pǕ were not short-term, single-phase sites. Instead, pǕ often exhibit 

long and complex occupation histories, which further complicated attempts to classify pǕ into 

regional temporal sequences (see Golson, 1961a, 1961b; Ambrose, 1962; Davidson, 1987).  

 

Consequently, pǕ were treated as diagnostic artefacts, with the form and scale of their defences 

defining specific pǕ typologies (Golson, 1959, p. 54; Green, 1967, p. 102). These classifications 

were based on the presence or absence of features, such as terracing, ditches, and banks (e.g., 

Groube, 1970; Bellwood, 1972a, 1972b). This solution viewed changes in form as 

developmental, which could theoretically be tracked chronologically (Golson, 1957; Golson & 

Green, 1958; Fomison, 1959; Buist, 1964; Groube, 1964, 1970; Fox, 1976). While this solved 

the lack of traditional diagnostic artefacts, the proposed classifications could not be quantified 

by 14C evidence due to limitations of 14C sample number, a reliance on bulk charcoal 

radiometric 14C dates affected by inbuilt age, and the absence of Bayesian chronological 

modelling. Therefore, the developed typologies could not be seriated chronologically (Jones, 

1983; Irwin, 1985; Sutton, 1993b). Furthermore, viewing pǕ as an artefact makes it easy to lose 

sight of the social context and physical landscape in which they were situated. In this way, pǕ 

are viewed as a singularity, devoid of the human experience and agency associated with the 

settlement. 

 

In contrast to the culture history approach, settlement pattern analysis uses archaeological 

materials to reconstruct a landscape settlement system during a specific period, allowing an 
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examination of the communities that occupied these settlements (see Groube, 1964, 1965; 

Green, 1967; Gorbey, 1970; Cassels, 1972a, 1972b; Law & Green, 1972; Clarke, 1980; Kirch, 

2004; Phillips & Campbell, 2004; Irwin, 2013). This approach generally focuses on two broad 

influences on observed settlement patterns (Morrison & OôConnor, 2015, p. 2). First is the 

influence of the environment on where communities undertook activities within the landscape, 

focusing on the relationship between spatial organisation and variation in land use concerning 

environmental variability. Second is the influence of the location, size, and arrangement of 

social groups within the landscape, focusing on the relationship between communities and the 

development of different forms of human spatial organisation. These two focuses require an 

examination of both natural (environmental) and social (cultural) environments and how they 

influence the configuration of the archaeological record (see Fish, 1999). Essentially, the 

settlement pattern approach integrates the spatial, economic, pedological, and ecological data 

related to a site (pǕ) to contextualise it with the surrounding landscape.  

 

The strength of the settlement pattern approach is that all sites and site types are analysed with 

equal weight. However, the prominence and importance of pǕ within a landscape are 

challenging to integrate within these investigations without overshadowing considerations of 

óperipheralô sites. Inevitably, the prominence, size and visibility of pǕ have resulted in these 

sites occupying a significant focus within settlement pattern analysis in New Zealand (e.g., 

Groube, 1964a, 1965; Green, 1970; Davidson, 1978; Irwin, 1985; 2013, 2020; Al len, 1994, 

1996, 2008a), which, in turn, has created several acknowledged methodological biases, 

including varying approaches to site and landscape surveys, chronological controls, 

interpretations of environmental change, and the use of traditional knowledge sets and 

theoretical approaches (see Phillips & Campbell, 2010, pp. 96ï99).  

 

Almost all settlement pattern analyses involve some interpretation, approaching the survey and 

geospatial mapping of a landscape with some predeterminations about the resulting settlement 

pattern. However, these interpretations can lead to a lack of standardisation in the recorded 

data, as no two individuals will interpret the landscape in the same way owing to factors such 

as experience, method, and the time and date of each survey. Furthermore, considerations of 

the scale of an archaeological site and how they are contextualised within the landscape (i.e., 

the grouping or separation of deposits and features within the landscape) are inconsistently 
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applied. Site classifications are almost always the product of functional, topographic, 

morphological or chronological considerations and, therefore, can also be applied 

inconsistently. It must also be remembered that observed settlement patterns are physical 

representations of complex socio-political and economic processes. Thus, the complexities of 

these variables can be lost in context when focusing solely on the physical remnants of past 

occupations. Archaeological sites can also be obscured in the landscape for several reasons, 

including limited occupation size, post-depositional processes, and timescale. Nevertheless, 

these óinvisibleô sites are important when interpreting settlement patterns because focusing on 

prominent óvisibleô sites distorts our understanding of the archaeological landscape. This effect 

can be mitigated to a certain extent through intensive site survey and excavation, where all site 

types (i.e., from small midden sites to large pǕ) are investigated on an equal scale. However, 

such an intensive approach is rarely applied (see Davidson 1978, for example).  

 

The 1980s saw a resurgence of pǕ investigations (Prickett, 1980, 1982; Jones, 1983; Prickett, 

1983; Irwin, 1985; Lilburn, 1985; OôKeeffe, 1991), with several large-scale archaeological 

projects undertaken regionally. The PouǛrua Archaeological Project (Marshall, 1987; Sutton, 

1993a; Sutton et al., 2003) aimed to combine both settlement pattern analysis and culture 

history studies. Socio-political factors influencing occupation were a central theme of the 

project, with the archaeological landscape seen as the product of interactions between the 

cultural and natural landscape. When the pǕ at PouǛrua were scrutinised, their specific forms, 

functions, and meanings were contextualised within the broader archaeological landscape. 

Once an understanding of the local context was gathered, the broader connotations of pǕ on a 

national scale were considered. The PouǛrua project concluded that pǕ could not simply be 

described as an artefact, proposing that pǕ performed various complex functions and have 

complicated occupation histories. It is clear from the evidence gathered from PouǛrua that 

people put an immense amount of effort into constructing, maintaining, and remodelling pǕ, 

making them the most visible evidence of occupation in the landscape. This observation led 

Sutton et al. (2003) to suggest that visibility may be their most important function. This 

interpretation also has consequences concerning aspects of community identity and 

considerations of status or mana within inter-hapȊ relationships.  
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2.2.1 Classification and Function 

As discussed above, previous attempts to classify and understand pǕ were firmly based on form 

and function analysis. For example, Groube (1964a) defined four functional classes of pǕ: 

fortified village, citadel fortification, retreats, and fortress, distinguishing between these classes 

through the nature of the habitation associated with the pǕ. Occupation length and population 

size were critical variables used to distinguish between these typologies. These classifications 

were widely influential and were adopted by many archaeologists at the time, including by 

Bellwood (1971c, 1971a) in his interpretations of pǕ at Lake Mangakaware and Otakanini PǕ. 

Later, Mihaljevic (1973, p. 150)  proposed a tri-functional pǕ classification scheme, defining 

pǕ as settlements, fortresses, or temples, stating that any pǕ could have specialised in one or a 

combination of these functions. His classifications focused on the siteôs defensive structures, 

their ritual nature, and the type of habitation occurring at the pǕ. Mihaljevic emphasised the 

role of defences as symbolic boundaries, defining a space of community pride and prestige. 

Daugherty (1979) also developed a pǕ classification scheme, with particular emphasis on the 

style of warfare catered for in the pǕôs construction, seeking to explain the variation of forms 

and similarities to fortifications in Polynesia. Daugherty distinguished three functional types: 

homeland, refuge, and strategic, with the critical difference being the nature of habitation. 

 

These classification schemes all attempt to define pǕ typologies by their defensive 

characteristics and the perceived nature of the associated community activities. The nature of 

these considerations tends to emphasise cultural processes (i.e., demographic change ï hǕpu 

formation and division) and economic tensions (i.e., resource protection) within the broader 

cultural landscape, leading to the construction and occupation of pǕ. However, Barber (1996, 

p. 876) notes that the appearance of pǕ in regions of both high and low population density, 

including the non-horticultural and sparsely populated far south of New Zealand, is difficult to 

explain as a factor of demographic pressure or as a direct economic link to horticultural 

production. However, it should also be noted that the number of pǕ recorded in the South Island 

is low (compared to the horticultural north) and could represent different motivations for 

construction than those built in the north.  
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Despite these classification schemes differentiating pǕ through considerations of functions 

other than defence (i.e., habitation, religious, economic), defence is always considered a 

primary function of the site type. This situation stems from the observation that apart from the 

built defences, most archaeological features identified at pǕ are also found at undefended sites. 

This situation raises important questions about how these defences are used to differentiate pǕ 

from other site types. For example, can archaeological sites located in environments with 

topographical defences (e.g., a storage pit cluster situated on a high point that is protected on 

multiple sides by steep ridges) be differentiated from pǕ with built defences? Both examples 

provide a defensible location, with the difference being that one is entirely natural while the 

other is built at the cost of time, workforce, and resources. This example highlights how 

focusing on the form and function of these defences can lead to defining other functions as 

secondary. PǕ are frequently the most visible representation of community identity within a 

landscape, often built on an elevated platform, on a grand scale, and at a high cost. This 

observation was noted by Davidson (1984, p. 185), who remarked: ñThe significance of pǕ as 

focal points of community activity and centres of community pride and prestige is an important 

pointò. However, she also pointed out that these considerations should not be overemphasised 

at the expense of their defensive function (see also Irwin, 2013). Conversely, by 

overemphasising the defensive function of pǕ, it could be argued that other critical functions 

of pǕ and what they represented to the communities that inhabited them are being neglected or 

underplayed.  

 

While it is clear that some pǕ were little more than fortified food stores (e.g., Law & Green, 

1972), others were complex sites exhibiting a range of features and functions with complex 

histories (e.g., Ambrose, 1967; Shawcross, 1968; Bellwood, 1971a; Fox, 1976, pp. 22ï23; 

Davidson, 1984, p. 185; Jones, 1994; Wilkes, 1995; Irwin, 2004a; Furey et al., 2017). Wilkes 

(1995, p. 255) suggests that the defensive arrangements identified at certain pǕ are often 

ñmassively out of proportionò to the siteôs size or ñany conceivable scale of attackò and that 

their construction in some cases can be considered for ñprestige rather than from dire necessityò. 

However, such notions are difficult to assess because it is hard to determine the frequency or 

scale of conflict associated with a specific pǕ at a particular time. This observation also does 

not account for time depth, with the defences remodelled and adapted over time in response to 

changing variables in the cultural landscape. Crucially, this variability indicates that these 
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defences also functioned to bind space and modify behaviour rather than solely operating as a 

defensive feature.  

 

This concept was explored further in the 1990s, with a specific focus on the phenomenon of 

monumentality (Kirch, 1990; Graves & Sweeney, 1993; Herdrich & Clark, 1993; Kolb, 1994). 

Barber (1996, p. 868) describes how monumental architecture has long served as a physical 

representation of ñchiefly dominance and hegemonyò in stratified Polynesian societies. 

However, if socio-political complexity is archaeologically linked to monumentality, large-

scale buildings in less complex societies must also be accounted for (Barber, 1996, p. 868). 

Throughout Polynesia, several societies have built large, highly visible structures advertising 

their presence in the landscape, thus asserting their ongoing attachment to the land (Bellwood, 

1978b; Jennings, 1979; Kirch, 1984a, 1990; Graves & Sweeney, 1993; Kirch & Green, 2001; 

Kennett & McClure, 2012). These structures all require great communal effort, display 

occupancy and identity, and exhibit a signal of power. Additionally, pǕ construction for 

ideological or religious purposes cannot be ruled out and, in some cases, could potentially 

represent a change in MǕori religious orientation favouring the agricultural deity Rongo 

(Anderson, 2022, p. 45). 

 

Importing these ideas to New Zealand contexts, Marshall (1987) interprets specific pǕ at 

PouǛrua as places of mana and communal activity similar to Polynesian marae. Sutton (1990, 

1991, 1993b, 1993a) and Sutton, Furey, and Marshall (2003) also emphasise the replication of 

crucial social structures in the internal organisation of PouǛrua PǕ, especially as represented by 

differential elevation. Ultimately, these interpretations suggest that pǕ may be considered a 

form of ritual architecture in that they were prominent symbols in the landscape and a physical 

manifestation of a community's identity and wealth (Sutton et al., 2003, p. 237). However, 

again, it must be remembered that pǕ were not static settlements. Therefore, pǕ, as viewed by 

archaeologists, represent an amalgamation of past functions and behaviours in association with 

other key variables such as terrain, economic needs, social relations, the association of broader 

societal groups (i.e., iwi)  and social considerations (i.e., ideology), and time (Davidson, 1984, 

pp. 185ï188; Barber, 1996, p. 876). 
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Regardless of their primary function, Barber (1996, p. 986) suggests that pǕ served as 

permanent foci of community identity within the landscape, creating visible spatial 

relationships which competing groups could view. In this sense, the defences at these sites 

ensure the physical and spiritual security, productivity, and permanence of crucial places of 

settlement, economy, and ceremonial power in the territory of the occupying hapȊ (Barber, 

1996, p. 876). Effectively, sustained pǕ construction and occupation ensured that mana and 

productivity increased, as well as the physical security of the place, as descent-group identity 

was enhanced (Schwimmer, 1978; Phillips, 1995; Allen, 2008a). While the defensive features 

of a pǕ are crucial to their interpretation, it is also clear that pǕ performed a range of functions 

beyond providing a fortified refuge. Therefore, pǕ must be considered multifunctional spaces, 

defined in this research as fortified places, capable of performing various roles for local 

populations, which inevitably change and vary over time.  

 

2.2.2 Association with MǕori Horticulture 

The link between pǕ and the facilitation and protection of economic production is an idea that 

is continually referred to in archaeological discourse (see Green & Shawcross, 1962; Pick, 

1968; Groube, 1970; Bellwood, 1971b; Cassels, 1972a; Law & Green, 1972; Fox, 1976; Irwin, 

1982; Davidson, 1985; Irwin, 1985; Davidson, 1987; Allen, 1994, 2008a; McIvor & Ladefoged, 

2015; Allen, 2016), including the relationship between the development of horticultural 

practices and storage pit technology with the construction and proliferation of pǕ. The spatial 

correlation between the distribution of pǕ and the horticultural landscapes throughout New 

Zealand is convincing. PǕ are overwhelmingly concentrated in the horticultural north of the 

country, situated around environments (i.e., lakes, rivers, and appropriate soil types) that 

facilitated crop production (particularly kȊmara) in New Zealandôs temperate climate. These 

horticultural landscapes are often large in scale, emphasising how these activities were part of 

a complex, time-consuming, and energy-intensive process, thought to reflect substantial 

population levels and social organisation. Along with the substantial investment involved and 

the difficulty of producing these crops in a suboptimal climate (i.e., limited growing season, 

restricted distribution of viable soils, and the difficulty of clearing land), these activities are 

often thought to have been associated with increased levels of competition and territoriality, 

reflected by the construction of pǕ within these landscapes. Therefore, to contextualise the 

relationship between pǕ and resource-driven competition and conflict, it is necessary to 
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examine the archaeological discourse surrounding MǕori horticulture, considering these 

landscapes within the Middle Waikato Basin with respect to the distribution of pǕ throughout 

the study area.  

 

Six tropical plant species are known to have been grown around the country: kȊmara (Ipomoea 

batatas), gourd/hue (Lagenaria siceraria), yam/uwhi (Dioscorea alata), taro (Colocasia 

esculenta), paper mulberry/aute (Broussonetia papyrifera), and ti pore (Cordyline fruticose) 

(Bassett et al., 2004). Several of these species are evidenced to have been grown across the 

North Island and, to a lesser extent, at the top of the South Island (Barber, 2004). However, 

yam, aute, and ti pore were not grown beyond the extent of the northern North Island (Barber, 

2004; Furey, 2006). The earliest considerations of MǕori subsistence strategies suggested that 

at the time of New Zealandôs settlement, populations were without horticulture, with early 

economies primarily focused on hunting and gathering (i.e., the óMoa-hunter Periodô) (Best, 

1925; Buck, 1950; Duff, 1956). However, Golson (1959) was the first to cast doubt on this 

hypothesis, highlighting the strong influence of research focused on the South Island, where 

horticulture was probably limited. Later, Green (1972) rightly questioned why migrating 

Polynesians would retain material culture links to their ancestral homeland but abandon 

elements of their subsistence strategy.  

 

The first suggestion of a staged model of horticultural introduction and development was 

proposed by Yen (1961), who argued for a three-stage model: introduction, experimental and 

systematic. Groube (1967) proposed that the first two stages of Yenôs model could be achieved 

in as little as two generations or less, and that early horticultural practices underwent adaptation 

in Northland before the technology was transmitted to increasingly more marginal areas. This 

idea was expanded on by Green and Shawcross (1962), who proposed six developmental 

phases, allowing for horticulture to be present within the Settlement Phase of New Zealand, 

but with this period characterised by potential crop failure (see also Green, 1970). Later, Leach 

(1979b, 1979a) refined Yenôs model, allowing for the regression of horticulture due to climate 

deterioration. Leachôs model proposed five phases: (i) Introduction, (ii) Experimentation, (iii) 

Regional Consolidation, (iv) Expansion from Secondary Centres, (v) Retrenchment and 

Revival. 
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It is now understood that early forms of MǕori horticulture probably commenced almost 

immediately after settlement (Anderson & Petchey, 2020), with evidence of early horticultural 

sites recorded at the Clarence River mouth in Marlborough, the Wairarapa coast and 

WhangamatǕ in Coromandel (Leach & Leach, 1979; Trotter & McCulloch, 1997; Gumbley, 

2014a; Gumbley & Laumea, 2019). However, it is also clear that horticultural practices 

developed over time, resulting in more complex questions surrounding the intensification and 

systematisation of gardening practices and subsequent economic and socio-political changes 

to MǕori society (see Anderson & Petchey, 2020). These considerations are particularly 

relevant when considering the development of high-intensity and systemised gardening within 

the northern interior (see Law, 1968; Higham & Gumbley, 2001; Sutton et al., 2003; Barber, 

2004; Bassett et al., 2004; Gumbley et al., 2004; Furey, 2006; Law, 2008; Barber, 2012; 

Gumbley & Hutchinson, 2013; Gumbley, 2014a; Anderson, 2016; Gumbley & Laumea, 2019; 

Anderson & Petchey, 2020; Barber & Higham, 2021; Gumbley, 2021). The most extensive 

pre-European MǕori horticultural landscapes are concentrated in the Auckland, Bay of Plenty, 

Taranaki and Waikato regions (Taylor, 1958; Sullivan, 1972; Barber, 2004; Gumbley et al., 

2004; Furey, 2006; Law, 2008; Anderson, 2016; Anderson & Petchey, 2020; Gumbley, 2021).  

 

This spatial distribution is unsurprising, as the tephra- and alluvium-derived soils suitable for 

intensive horticultural production are situated across these regions, covering roughly 40% of 

the North Island of New Zealand (see Hewitt et al., 2021b). These soils can broadly be 

classified into two main groups: (i) Pumice Soils (15% of the North Island) and (ii) Allophanic 

Soils (12% of the North Island). Pumice Soils are common across the central and eastern North 

Island and are formed on very young, weakly consolidated pyroclastic deposits that are low in 

clay content and deficient in major nutrients and trace elements (Hewitt et al., 2021b). 

Allophanic Soils are identified mainly in central North Island, formed mainly on fine-grained 

tephra layers in Taranaki, south and west of the Volcanic Plateau, and in parts of the King 

Country, Waikato and western Bay of Plenty (Hewitt et al., 2021b). Smaller areas of 

Allophanic Soils can be found on basaltic scoria cones in Auckland and Northland. Allophanic 

soils have high organic carbon content, good aeration and water retention, low bulk density, 

and are free draining. All the areas where these soils are identified have extensive evidence of 

MǕori horticulture (Law, 1968; Higham & Gumbley, 2001; Sutton et al., 2003; Barber, 2004; 

Bassett et al., 2004; Gumbley et al., 2004; Furey, 2006; Law, 2008; Barber, 2012; Gumbley & 
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Hutchinson, 2013; Gumbley, 2014a; Anderson, 2016; Gumbley & Laumea, 2019; Anderson & 

Petchey, 2020; Barber & Higham, 2021; Gumbley, 2021).  

 

Since the early 2000s, research on horticultural production has featured prominently in the 

archaeological literature of New Zealand (Higham & Gumbley, 2001; Barber, 2004; Gumbley 

et al., 2004; Furey, 2006; Barber, 2010, 2012; Anderson & Petchey, 2020). However, the 

absence of considered research focusing on crops, yield volumes, and agronomy has previously 

made it impossible to rigorously assess the impact of changes in production (see summary in 

Barber, 2004). Recently, Gumbley (2021) conducted a multidisciplinary examination of the 

Waikato Horticultural Complex (Figure 2.2.1). Gumbley defines pre-European MǕori garden 

sites in the Waikato by three defining features: (i) the presence of borrow pits, (ii) (adjacent) 

soils that have been heavily modified (including mounding) by the addition of sand and gravel 

as well as charcoal, and (iii) the presence of small-scale domestic activity components 

(interpreted to represent seasonal kǕinga). These horticultural sites in the Waikato are 

concentrated along the Waikato River from Arapuni to Taupiri, in areas on the Horotiu Plain, 

and along the margins of the WaipǕ River and its tributaries (see Grange et al., 1939; Taylor, 

1958; Law, 1968; Clarke, 1977; Gumbley et al., 2004; Gumbley & Hutchinson, 2013; Hewitt 

et al., 2021a; Gumbley, 2021). Waterways are natural highways for the movement of people 

and resources, and provide a clear boundary where disputes over territory and resources are 

likely to occur (Pardoe, 2014). Therefore, it is no surprise that pǕ within the region are clustered 

around these areas (Figure 2.2.2), following the main rivers (Waikato and WaipǕ) and 

tributaries that cross the landscape. However, the spatio-temporal relationship between these 

two archaeological features has yet to be explicitly tested within the region.  
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Figure 2.2.1. The spatial extent of the Waikato Horticultural Complex3. 

 

3 This figure was originally produced by Gumbley (2021), Figure 5.1,  and is included with permission. 
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Figure 2.2.2. The spatial relationship between pǕ (red points) and the Middle Waikato Basinôs main rivers and tributaries 

(blue lines) 4.  

 

 

4 This figure contains data from the New Zealand Archaeological Associationôs Site recording scheme (Archsite) 

and the LINZ Data Service, which is licenced for reuse under the CC BY 4.0 licence. 
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Gumbley (2021, pp. 161ï168) estimates the establishment of the Waikato Horticultural 

Complex at some point in the sixteenth century, with continuous replication until the early or 

middle nineteenth century. Radiocarbon data indicates that the Cambridge and Leamington 

areas were the early focus of these activities, with sites near the river appearing in the early to 

middle sixteenth century. Sites more distant from the Waikato River are consistently much 

younger, with the most remote sites dating to the eighteenth or early nineteenth centuries. By 

the late sixteenth to early seventeenth centuries, these horticultural practices had spread ~50 

km down the Waikato River, at least as far as Taupiri. Given the established spatial relationship 

between pǕ and these horticultural zones, if resource-driven competition stemming from the 

availability of these areas and the resources they provided is the primary variable driving the 

construction and occupation of pǕ, it seems probable that the spatio-temporal distribution of pǕ 

should follow the spread of the Waikato Horticultural Complex northward from 

Cambridge/Leamington to Taupiri/Huntly.  

 

2.2.3 Competition, Conflict and PǕ 

The implicit relationship between horticultural production, storage technology, and pǕ 

construction also led to the development of the ecological model of MǕori warfare. This model, 

first proposed by Vayda (1960), was based on an analysis of MǕori oral history, ethnography, 

and ethnohistory. Vayda highlighted the scarcity of appropriate gardening areas in New 

Zealand and the difficulty of clearing temperate rain forests, creating a scenario favouring 

endemic resource-driven warfare (Vayda, 1956, 1960, 1976; Davidson, 1984, 1987; Kirch, 

2000). This model suggests that warfare, which was central to the rest of Polynesia, became a 

crucial feature of MǕori society, evidenced by the construction and proliferation of pǕ (see also 

Vayda, 1960, 1976; McGlone, 1983; Davidson, 1984, 1987; Anderson & McGlone, 1992; 

McGlone et al., 1994; Kirch, 2000). The difficulty of clearing temperate rainforests is largely 

overplayed in Vaydaôs model, as forest clearance was primarily achieved via fire rather than 

felling (Anderson, 2022, p. 43). Additionally, rather than replanting previously cleared forest 

areas, MǕori preferred to clear virgin areas to expose and exploit the most fertile soils for 

horticultural production (Ballara, 2003, p. 18). Additionally, MǕori traditional history or 

historical observation does not support incremental territorial expansion through warfare. 

Conflicts occurred between neighbouring families and hapu, but organised warfare was 
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conducted primarily against groups at some distance away, usually non-kin (Anderson, 2022, 

p. 43).  

 

Later, Vayda (1976) refined his views on the relationship between ecology and culture (see 

also Scaglion, 2008). However, the premise of populations limited by environmental variables, 

available horticultural zones, and increasing socio-political pressures resulting in cycles of 

food-driven conflict has continued to dominate archaeological research on warfare in the 

Pacific (e.g., Younger, 2008; Field & Lape, 2010). However, material evidence of past conflict 

and warfare is often vague, providing limited insights into the type of observed conflict, the 

participants and the motivation for warfare and aggression (Clark & Lister, 2022). Ongoing 

research since the 1990s has complicated the dominant ecological model by making a case for 

additional factors that appear to have been critical to how MǕori society evolved (Irwin, 1985; 

Sutton, 1990; Allen, 1994; Barber, 1996; Allen, 2008a, 2008b, 2016; McCoy & Ladefoged, 

2019).  

 

Allen (1996) investigated the economic bases of MǕori chiefdoms in Hawkeôs Bay, exploring 

the relationship between the potential for economic control and the size, complexity, and 

integration of chiefdoms and other social groups. Allenôs research presented a political model 

interpreting the distribution of larger pǕ in ecologically rich areas as reflecting the consolidation 

of resources and power by chiefdoms (see also Allen, 2008b, 2008a, 2016). He argued that 

security in the pre-European cultural landscape became tied to access to productive 

horticultural soils and other resources, including investments in land clearance and garden 

productivity. This dependence was the foundation for forming polities, with chiefs gaining 

political power by providing security to populations through the control of territory and their 

ability to protect it from other competing groups in the region. Allen argues that pǕ were the 

principal focus of this process. In essence, the construction of pǕ close to horticultural land 

allowed a chief to produce and protect valuable resources, meaning they could mobilise labour 

and create regional organisations (Allen, 1996). However, Allen failed to include the 

distribution of other site types in his analysis, focusing solely on pǕ as an expression of chiefly 

power rather than community solidarity (Phillips & Campbell, 2004, p. 98). Additionally, 

Allenôs assumption that pǕ can be equated to discrete social groups occupying fixed territories 

is problematic within the context of MǕori society during this period (Marshall, 2004, p. 70). 
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Irwin (2013) also focused on the significant change represented by the appearance and spread 

of pǕ in New Zealand (see also Irwin, 1985). In a case study, Irwin highlighted the Pouto 

Peninsula, located on the northern Kaipara Harbour, where twenty pǕ of small or medium size 

are located in the horticultural hinterland, with three large pǕ located at the borders of Pouto. 

Irwin (2013, p. 321) suggests that around the middle of the seventeenth century, only a few pǕ 

were occupied on the peninsula and that most of the pǕ recorded in the area were built around 

AD 1800. This suggestion implies that at some point, the cultural landscape of Poutu passed 

through a stress threshold, resulting in a wave of pǕ building in the late eighteenth and early 

nineteenth centuries. Irwin hypothesised that the settlement system experienced some form of 

pressure, either internal, such as the decreasing availability of horticultural land, or external, 

such as competition from neighbouring populations, resulting in the need for defence at a 

regional level. Irwin emphasised the bilateral kinship of MǕori society, resulting in a flexible 

system of multiple rights to resources and land, highlighting that in both the North and South 

Islands, settlements were frequently occupied by members of more than one hapȊ. Thus, rights 

to resources overlapped on the ground, and mobility was high, resulting in fluid social relations 

(see also Anderson, 1998; Ballara, 1998; Phillips, 2000). However, regardless of the 

communityôs composition, Irwin suggests that these pǕ were defended collectively, with the 

scale of defences reflecting the scale of the polity. Therefore, as the density of pǕ increased, 

social relations and political leadership would have been impacted as settlements and 

competition intensified in the north. 

 

However, when Irwinôs chronological analysis of the pǕ located on the Pouto Peninsula is 

closely scrutinised, it is clear his interpretations are based on limited chronological evidence. 

Thirteen pǕ on the Pouto Peninsula have been radiocarbon dated, each represented by a single 

radiometric 14C date with large standard errors and calibrated age ranges. These 14C dates come 

from terrestrial (charcoal) and marine (shell) materials and, as previously discussed, suffer 

from precision issues associated with calibrating 14C ages into calendrical time throughout a 

period of relatively uniform 14C production. It is also important to note that a single 14C date 

does not accurately reflect the occupation history of a pǕ, which requires a far larger dataset 

with strict stratigraphic and provenance controls to define a construction date. Therefore, while 

thought-provoking, his interpretations would benefit greatly from further excavations and 

chronological refinement.  
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Later, Irwin (2020) investigated the history of pǕ on PǾnui Island. PǾnui is the easternmost 

island of the inner Hauraki Gulf and is approximately eight km long and four km wide (see 

also Irwin, 1985). Despite its size, PǾnui Island supported 23 pǕ. The study examined the 

spatio-temporal distribution of pǕ on the island, comparing the results to those of other regions. 

Irwin interprets the 14C evidence to suggest that pǕ were first constructed on the island in the 

sixteenth century, with episodes of pǕ construction continuing until the early nineteenth century. 

Irwin (2020, p. 52) also suggests that the density of pǕ in the sixteenth century was as great as 

in the eighteenth century, interpreting that the island's fortification was not incremental over 

time. From this interpretation, Irwin proposed that each pǕ was associated with a social group 

that resided at times in the vicinity, suggesting that the density of sites makes it likely that a 

number were occupied contemporaneously. Ultimately, Irwin argues that the occupation of 

PǾnui Island passed through a stress threshold in the early sixteenth century, following which 

the island was quickly fortified. Irwin (2020, p. 52) also relates the construction of pǕ to imply 

group leadership, with the size of the pǕ used as a proxy for the scale of the communities that 

built them (see also Buist, 1964). However, he argues that by AD 1800, the presence of pǕ in 

the landscape did not represent discrete territories of local groups. Social changes around this 

time had shifted from single-hapȊ to multi-hapȊ communities as operational units (see 

Anderson, 1998; Ballara, 1998; Phillips, 2000), which, as Sissons (1988) suggested, resulted 

in a reordering of northern MǕori society in the eighteenth century because of such changes in 

social organisation. The implication of these considerations suggests that on PǾnui, the pǕ built 

around AD 1600 could have controlled territories more mutually exclusive than those occupied 

around AD 1800, implying that there could have been significant changes in land tenure and 

social organisation (Irwin, 2020).  

 

Unfortunately, as with his study on the pǕ of Pouto Island, Irwinôs conclusions lack sufficient 

quantifiable data to back them up. The proposed PǾnui pǕ chronology is based on just 24 

radiocarbon dates associated with the construction of defensive banks at 19 of the pǕ on PǾnui. 

Again, a limited number of 14C dates were collected from each site, reflecting the period in 

which each pǕ was constructed and occupied. However, as shown from previous investigations 

of pǕ within the Bay of Islands (e.g., Groube, 1964b, 1965, 1966; Campbell, 2008; McCoy, 

2009; Bedford, 2013), these pǕ are unlikely to be single-phase occupations and were likely 

occupied, abandoned, re-occupied and remodelled over time. Therefore, a single 14C date 

representing the fortification date of these sites is not an accurate representation of the 
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occupation history. Additionally, these radiometric 14C dates were produced from charcoal and 

shell materials and, again, suffer from CRA and calibration precision issues (see Irwin, 2020, 

pp. 45ï55). Therefore, these 14C dates provide limited quantitative evidence to support Irwinôs 

statements about pǕ construction and occupation on PǾnui Island.  

 

The Northland Archaeological Project (2007ï2013) was a multiyear research project aiming to 

determine how warfare influenced the development of MǕori society (see McCoy, 2009; 

McCoy & Ladefoged, 2012; McCoy & Carpenter, 2014; McCoy & Robles, 2016). Using the 

results of this research, McCoy and Ladefoged (2019) considered when, in the past, conflict 

most resembled the parameters described by Vayda (1960). The research focused on large-

scale geospatial patterning in fortification construction in New Zealand, testing the results of 

this analysis on the construction history of three fortifications on Urupukapuka Island: 

Whangapau PǕ (Q05/86), Ihumata PǕ (Q05/87), and an unnamed pǕ (Q05/84).  

 

Firstly, McCoy and Ladefoged (2019) investigated the significant periods of pǕ construction 

across New Zealand via the presence or absence of 14C dates on pǕ within the same area over 

time. To achieve this, they divided the country into arbitrary 37.5 km2 sections. Site continuity 

was defined by the presence of 14C dates in the same grid in both centuries under examination; 

abandonment as the presence of 14C dates in the earlier century but absence in the next; and 

expansion as the absence of 14C dates in the earlier century but presence in the next. Using this 

metric, McCoy and Ladefoged (2019, p. 7) interpret early fortification construction between 

AD 1400ï1600 as overwhelmingly dominated by a process of expansion. In contrast, between 

AD 1600ï1800, later fortification use showed only slight gains in continuity and an even 

amount of abandonment and expansion, a pattern consistent with the reshuffling of where 

fortifications were being constructed and occupied. However, these findings are to be expected, 

as pǕ construction before AD 1400ï1600 was likely non-existent given current understandings 

of the commencement of pǕ construction. Whereas pǕ abandonment and expansion would only 

be possible once pǕ had been established and occupied for a time.  

 

Despite the simplistic nature of this metric, the juxtaposition between these two periods is 

important because the ecological warfare model proposed by Vayda (1960) suggests that 
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groups actively choose the conquest of their neighbours over expansion into new areas. 

Therefore, McCoy and Ladefoged (2019) suggest this model of MǕori warfare is a poor fit for 

the expansion of the earliest fortifications (AD 1400ï1600) when populations were increasing 

in the North Island with new locations marked out by pǕ. However, they suggest that this 

warfare model is more suited for the reshuffling that appears to have occurred around AD 1650 

when the expansion and abandonment of pǕ are evenly matched.  

 

It is important to note here that McCoy and Ladefoged (2019) did not attempt to evaluate the 

14C data used in this analysis and accepted all the 14C information collated in the New Zealand 

Radiocarbon Database (see McFadgen et al., 2000). However, most of this historical 14C data 

has not been adequately assessed concerning sample provenance, sample size (i.e., number of 

samples) and inbuilt age. Noting this problem, they state that the nature of the underlying 

radiometric data is such that these classifications should only be indicative of an area rather 

than having been definitively established for a particular site. Further evaluating this dataset 

through a process of 14C sample review (in relation to archaeological records associated with 

each 14C date if available) and a óchronometric hygieneô regime (e.g., Spriggs, 1989; Anderson, 

1991; Spriggs & Anderson, 1993; Schmidt, 1996; Higham & Hogg, 1997) would improve the 

quality of the dataset and provide a more accurate representation of pǕ occupation, 

abandonment and expansion. However, this process would also dramatically reduce the 

available dataset size, resulting in a lack of data to define specific areas, which reflects the state 

of comprehensive archaeological investigation of pǕ in New Zealand. 

 

Following this spatial analysis, McCoy and Ladefoged (2019) tested their hypothesis by 

focusing on regional-scale geospatial patterning in fortification construction on Urupukapuka 

Island. A stratigraphic occupation sequence for Whangapau PǕ, Ihumata PǕ and Q05/84 was 

established using small-scale excavations, targeting specific terraces and banks at these pǕ. It 

should be noted that all three pǕ are relatively complex in form, exhibiting multiple terraces, 

banks and ditches. Therefore, these discrete excavation units provide limited stratigraphic 

controls that are used to define the entire occupation sequence of each pǕ. Seven terrestrial 14C 

samples were collected from these excavations, including two from Whangapau PǕ (Beta-

321108 and -321107), four from Ihumata PǕ (Beta-321102, Beta-321103, Beta-321104 and 

Beta-321105), and one from the un-named pǕ (Q05/84) (Beta-321106). Utilising 
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interpretations from these excavations and the resulting 14C dates, McCoy and Ladefoged (2019, 

p. 11) suggest that in the Bay of Islands, warfare in the era after sustained European contact 

(AD 1769) is evident in the re-building of pǕ fortifications, citing the second phase of bank 

construction at Ihumata PǕ (Q05/87), and the remodelling identified at Paeroa PǕ (Q05/39) (see 

also Groube, 1964b, 1965). They state that these activities specifically reflect the adoption of 

defences to accommodate the introduction of muskets. These conclusions are supported by 

references to several other studies showing a lack of good evidence for conflict around AD 

1500 and an abundance of evidence around AD 1650 (e.g., Phillips, 2000; Sutton et al., 2003; 

Allen, 2012; McCoy & Carpenter, 2014; McCoy et al., 2014; Allen, 2016). However, the 

precision of the 14C dates collected from these pǕ is limited, exhibiting large calibrated age 

ranges with multimodal distributions owing to their interaction with the calibration plateau in 

the later eighteenth century (see McCoy & Ladefoged, 2019, p. 7). Therefore, the chronological 

evidence presented provides limited quantitative evidence to support McCoy and Ladefogedôs 

conclusions.  

 

Despite these challenges, McCoy and Ladefoged (2019) rightly conclude that the onset of 

endemic warfare requires a more nuanced view of the environment, culture, and historical 

contingency, pointing to Barberôs (1996) research, which highlights a sense of environmental 

loss after the initial impacts of human occupation, along with climate fluctuations associated 

with the LIA (Anderson, 2016), raising the perceived need to mitigate the impacts of people 

on the environment. Additionally, McCoy and Ladefoged (2019, p. 11) suggest that the 

inherently low spatial density of fortifications at the onset of pǕ construction may have left 

ambiguity in many regions about who had the authority to prohibit the use of natural resources 

through other regulatory means (i.e., tapu and rǕhui), and that this ambiguity could have led to 

even more conflict. As discussed, wars were frequently fought to restore mana following an 

injury or perceived injustice of some kind (Ballara, 2003, p.26).  

 

It is clear from these investigations that the traditions of MǕori warfare were not stagnant over 

time, and changing environmental and social pressures influenced periods of competition and 

conflict, fuelling subsequent episodes of pǕ construction and proliferation (see Allen, 1994, 

1996; Irwin, 2013; Allen, 2016; McCoy & Ladefoged, 2019; Irwin, 2020). When importing 

these models to understand pǕ construction trends in the Middle Waikato Basin, we would 
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expect to see an initial wave of pǕ construction, representing a process of expansion into the 

region during this period of cultural change. This expansion process would be closely 

associated with population increases, regional migration and evolving social structures, with 

the aim of consolidating control of key regional resource zones. Subsequently, applying the 

work of Gumbley (2021), we would expect to see additional waves of pǕ construction, 

redevelopment, and repair associated with the spread of the Waikato Horticultural Complex. 

These waves would represent increasing economic and socio-political tensions relating to 

perceived decreases in the availability of prime horticultural land or increasing competition 

from neighbouring populations. 

 

2.2.4 Considerations of Chronology 

The first large-scale review of radiocarbon evidence relating to pǕ construction was conducted 

by Schmidt (1996), utilising an initial database of 132 pǕ, represented by 317 14C dates. Of the 

132 pǕ included in the database, only 54 had been comprehensively investigated 

archaeologically. Therefore, less than half of the radiocarbon dates were derived from pǕ with 

a complete (more than rudimentary) understanding of their occupation history. Schmidt 

initially had to restrict this assemblage through considerations of sample provenance and site 

history, resulting in 221 dates to determine the beginning of pǕ construction in New Zealand. 

However, Schmidt also had to remove further 14C dates from the assemblage through a discard 

protocol based on earlier óchronometric hygieneô regimes presented by Spriggs (1989), 

Anderson (1991) and Spriggs and Anderson (1993). This discard protocol resulted in just 60 

acceptable dates being retained in the assemblage, representing only 49 pǕ from across the 

country. Considering that over 7,000 pǕ are recorded nationally, this dataset is already a limited 

representation of pǕ occupation. Moreover, like many archaeological sites, pǕ are an 

accumulation of short-term events over time. Therefore, tracing a chronological sequence 

through the archaeological features identified at pǕ is challenging, requiring a considered 

approach and a sizeable 14C dataset. This challenge is noted by Schmidt (1996, p. 447), who 

acknowledges that a single 14C date is likely only a reflection of one of several fortification 

episodes over time.  
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Despite these limitations, Schmidt proposes the onset of pǕ construction nationally around AD 

1500ï1550, with a maximum date range between AD 1400-1800. A spatio-temporal 

relationship between Groubeôs (1970) pǕ classifications could not be established. Similarly, the 

analysis provided no evidence as to the regional origin of pǕ. Groube (1970) previously 

proposed that ring-ditch pǕ were brought from the northwest coast of the North Island by NgǕti 

Awa into the Taranaki and Bay of Plenty regions. However, Schmidt pointed out that neither 

region has sufficient sample numbers to distinguish when pǕ were first constructed in these 

regions. Similarly, Schmidt states that even far-removed regions, such as Tauranga and Pouto, 

show similar periods where fortifications were present, given the broad timescale of the results. 

This similarity indicates that the precision required to establish the spatio-temporal 

proliferation of pǕ across the country is beyond the limits of traditional approaches to 

chronology building. Therefore, the lack of concrete conclusions stemming from Schmidtôs 

work ultimately derives from a lack of precision. Although important, the results of Schmidtôs 

analysis have generally generated more questions than answers. 

 

Unfortunately, research focusing on the chronology of pǕ construction since Schmidtôs study 

has been limited, with investigations primarily focusing on refining the chronological sequence 

of pǕ from within specific regions (e.g., Sutton et al., 2003; McCoy & Ladefoged, 2019; Irwin, 

2020). However, as discussed above, even these more recent studies have resulted in 

archaeological interpretations of occupation histories that cannot be established or quantified 

by definitive 14C data. The lack of precision associated with 14C dating within the context of 

New Zealandôs short occupation history is primarily associated with variation in the 

concentration of atmospheric 14C. This variation, referred to as ówigglesô, causes a divergence 

between radiocarbon age and calendar years, requiring radiocarbon ages to be corrected using 

a calibration curve (see Section 3.2.2). However, as exhibited in the current Southern 

Hemisphere calibration curve (SHCal20), uniform atmospheric 14C levels are observed across 

several calendar periods around AD 1100, 1350, 1550, and 1750, known as calibration plateaux 

(Hogg et al., 2020). Due to these uniform periods, even high-precision (AMS) 14C dates derived 

from archaeological material that coincide with a plateau result in low-precision calendar date 

ranges. This imprecision results because the 14C age of the sample corresponds to a broad 

calendar period. The effect of these plateaux can be mitigated via the application of large 14C 

sample numbers and considered Bayesian chronological modelling. However, the sample 

numbers required for such an analysis are rarely applied in practice. This lack of precision is 
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particularly relevant when attempting to establish accurate and precise chronologies for pǕ, as 

the last two calibration plateaux (AD 1500 and 1750) cover large portions of time where pǕ 

were constructed and occupied.  

 

Inconsistent applications of 14C sampling strategies and analysis further compound this lack of 

precision. A majority of the 14C dates derived from pǕ were sampled during relatively old 

archaeological excavations at these sites (e.g., Irwin, 1985; Bellwood, 1978a; Green, 1978; 

Marshall, 1987; Irwin & Jones, 2004; McCoy & Ladefoged, 2019), with modern excavations 

at pǕ being rare. This situation has created a reliance on these historical 14C datasets that were 

produced before advancements in radiocarbon procedures and technology (i.e., the application 

of AMS 14C dating utilising much smaller sample sizes and better sampling procedures). 

Therefore, these historical 14C datasets are often affected by issues such as in-built age, as the 

material was not routinely identified to species level or was not produced on short-lived (i.e., 

twigs) or single element (i.e., seeds) materials (e.g., Bellwood, 1978a). Additionally, 14C 

samples were often restricted to terrestrial materials (charcoal and wood) owing to insufficient 

data for the calibration and correction of marine 14C dates, including inaccurate regional offsets 

using a DeltaR without sufficient variance (see Petchey & Schmid, 2020). A DeltaR (ȹR) is a 

local óreservoir offsetô applied to the marine curve (Marine20) to account for regional variation 

for a specific location (Stuiver et al., 1986; Heaton et al., 2020b; Petchey & Schmid, 2020, p. 

2). This reliance on bulk terrestrial 14C samples (exhibiting CRAs with large standard errors) 

also limited the availability of 14C samples, restricting sampling to contexts where the 

provenance or taphonomic link to a siteôs construction is limited (e.g., charcoal from hearths, 

the backfill of storage pits, or shell middens).  

 

Ultimately, these factors have led to a situation where modern chronological research on pǕ 

(using 14C dates produced on samples collected from past excavations) relies on insufficient 

14C datasets at a site-by-site level, where often just one 14C date is available per site (e.g., Irwin, 

2013, 2020). Even when several samples are available, their relationship to the pǕôs occupation 

is uncertain. For example, the chronology of Kohika was developed using stratigraphic 

evidence, tephrochronology, and radiocarbon dating, proposing a short occupation history of 

less than 70ï80 years in the latter half of the seventeenth century. However, when the 14C 

dataset is closely scrutinised, several issues are apparent. Just eight 14C samples relating to the 
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occupation of the pǕ were collected from various structural contexts. However, four of these 

samples suffer from potential issues of in-built age (NZ6583, NZ6611, NZ6618 and Wk10292), 

analysed on samples of unidentified species or kǕnuka posts. Additionally, one sample was 

collected from marine material (NZ6580) affected by the marine reservoir issues discussed 

above. This results in just three viable 14C dates for interpretation, sampled from charcoal 

identified within the backfill of a storage pit and below a floor of clay silt and stones, and 

charcoal interpreted as secondary vegetation burning outside the palisade defences. Therefore, 

while well-considered, the proposed short occupation history largely relies on archaeological 

interpretations of the stratigraphic evidence and OxCal modelling (start and end boundaries), 

with limited 14C evidence anchoring the chronology.  

 

Furthermore, even when more modern excavations are conducted, such as those conducted at 

PouǛrua PǕ (see Marshall, 1987; Sutton et al., 2003), the scale of these excavations is often 

limited in scope compared to the size and complexity of the pǕ, relying on archaeological 

interpretations and assumptions to link discrete excavation areas into a complete occupation 

history for the site (e.g., Sutton et al., 2003 pp. 189ï199). Only 11 14C dates anchor the 

chronology of PouǛrua PǕ, including just a single 14C date representing the entirety of the 

ódefenceô period (sampled from one discrete excavation area: Area III). As discussed above, a 

single 14C date recovered from a defined archaeological context is a poor representation of a 

defined period of a pǕ occupation, especially one such as PouǛrua PǕ, with evidence of 

extensive terracing and defences that were likely constructed, repaired and modified over time. 

Furthermore, all eleven 14C dates have standard error ranges of more than 35 years (± 36ï60 

years) resulting in broad calendar date ranges (Sutton et al., 2003, pp. 189ï199). This results 

in several statements about the occupation sequence that the 14C evidence cannot quantify and 

support. 

 

More recently, Hogg et al. (2017) investigated the potential of applying high-precision AMS 

wiggle-match dating (WMD) to preserved palisade posts from OtǕhau PǕ. Hogg et al. (2017) 

recognised that systematic chronological investigations of pǕ have previously been hampered 

by the problems of the historical approaches discussed above. WMD was used to address these 

issues, providing accurate and precise calendar dates for the felling of trees used in the 

construction of a palisade defence. By focusing efforts on identifying chronological evidence 
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of a specific event (the construction of a palisade), which plausibly indicates the initial 

construction of the defences, issues of taphonomy or provenance are removed. Investigations 

at OtǕhau pǕ identified a series of palisade posts along the northeastern side of the pǕ, located 

in the stream approximately 1ï2 m from the bank. These in situ posts formed both distinct 

single and double rows of palisades. Seven posts were extracted and sampled for analysis, 

resulting in three WMDs. The results of this analysis dated the construction of the palisade 

defences at OtǕhau pǕ to a defined point during the middle 1700s (AD 1768 ± 4 at 95% 

probability). 

 

The chronological approach implemented by Hogg et al. (2017) demonstrated for the first time 

that accurate calendar ages for pǕ can be generated, with minor calendar errors, that directly 

relate to single-phase archaeological events (i.e., the construction of a palisade). Notably, the 

results show WMD can produce calendar date ranges within the scale of a single generation (< 

25 years), allowing fine-grain archaeological interpretation of the occupational history of the 

pǕ and its association with the broader archaeological landscape and traditional history records 

(e.g., MǕori whakapapa, oral traditions etc.). As discussed previously, the OtǕhau pǕ study 

represents a significant advance in archaeological science in New Zealand, demonstrating the 

potential for WMD to revolutionise our understanding of the chronology of pǕ in New Zealand. 

The improved accuracy and precision resulting from this dating technique have the potential to 

clarify the history of pǕ construction and occupation and, thus, provide valuable insights into 

the environmental and social processes affecting MǕori during this period. As discussed in 

Section 1.2 above, the research presented here seeks to build upon the research presented by 

Hogg et al. (2017), expanding this chronological approach within the Middle Waikato Basin. 
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Chapter 3. Time and Chronology 
 

3.1 Theoretical Considerations of Time 

Time depth, temporal change and patterns of cultural transformation are quintessential aspects 

of archaeological investigation. Archaeological deposits provide proxy evidence for 

conceptualising the past, and therefore, investigations of the archaeological record provide an 

opportunity to explore beyond the realm of ethnography (Bailey, 2007, p. 198). Cartesian 

interpretations of time assume that objects have both a position in space and a trajectory 

through time independent of other objects (Holdaway & Wandsnider, 2008, p. 4). This 

interpretation illustrates how artefacts can move back and forth between different 

archaeological contexts through the effects of depositional and taphonomic processes, 

demonstrating the temporal complexity of the archaeological record and the varied scales at 

which those processes are visible (Schiffer, 1976, 1987; O'Brian & Lyman, 2000). Therefore, 

to attain a comprehensive understanding of the past, archaeologists rely on an accurate and 

precise measurement of time, facilitating more complex and consequential questions of the 

archaeological record (Rossignol & Wandsnider, 1992; Stahl, 1993; Zvelebil, 1993; Stern, 

1994; Ramenofsky & Steffen, 1998; Lock & Molyneaux, 2006; Bailey, 2007; Holdaway & 

Wandsnider, 2008). 

 

Research focusing on the influence of óobjective timeô (time as constructed or measured) in 

archaeology centres on the spatio-temporal properties of the observed evidence, considering 

how datasets are interpreted through temporal scale and resolution to constrain or expand 

specific research questions (See Ebert, 1992; Rossignol & Wandsnider, 1992; Stahl, 1993; 

Zvelebil, 1993; Stern, 1994; Ramenofsky & Steffen, 1998; Lock & Molyneaux, 2006). 

Objective time theories focus on the long-term nature of the archaeological record, highlighting 

the unsuitability of interpretive models drawn from short-term observation and ethnohistory 

(Hull, 2005, p. 354). These discussions derive from previous explorations of site formation 

processes (e.g., Schiffer, 1976, 1987) and causation concerning temporal scales and rates of 

change (e.g., Bailey, 1981, 1983, 1987; McGlade, 1995b, 1995a). Ultimately, theoretical 

considerations of objective time emphasise the importance of an accurate and precise 

chronology when attempting to reconstruct the past,  allowing specific and detailed questions 
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to be asked of the gathered dataset (e.g., Stahl, 1993; Ramenofsky & Steffen, 1998; Murray, 

1999; Lucas, 2005).  

 

In contrast, considerations of ósubjective timeô (time as experienced by individuals) are 

primarily developed through social anthropological theory, focusing on the temporal awareness 

of past peoples and how time was conceived and experienced by individuals and cultures. 

These explorations of subjective time highlight how these concepts may contribute to the 

behaviours archaeologists seek to understand (See Shanks & Tilley, 1987; Bradley, 1991; 

Cooper, 1993; Deitler & Herbich, 1993; Zvelebil, 1993; Gosden, 1994; Thomas, 1996). 

Advocates of such an approach are critical of applying a multi-temporal perspective in 

archaeology, rejecting the idea that subjective and objective time can be reconciled through 

varying the scale of analysis (e.g., Shanks & Tilley, 1987). Unfortunately, these critiques have 

directed attention away from the fundamental premise of objective time as applied in 

archaeology - that different cultural and environmental processes affecting, created by, or 

defining individuals and communities operate on disparate timescales, and all scales should be 

considered when exploring the causality behind cultural change (Bailey, 1981, 1983, 1987, 

2008). It is important to reiterate that these processes may operate independently (due to a 

variety of factors) and may be imperceptible within short timespans (i.e., one generation) unless 

specifically sought and measured with high precision (Hull, 2005, p. 357). This 

imperceptibility inherently limits our ability to recognise and deal with the analytical 

challenges posed by palimpsests (Bailey, 1981; Binford, 1981; Bailey, 1983; Schiffer, 1985; 

Bailey, 1987).  

 

The archaeological record is a physical representation of the activities and behaviours of 

individuals and communities interacting with a landscape over time (Anschuetz et al., 2001, p. 

160). However, the observed archaeological record is seldom presented as a clear and precise 

sequence of depositional events (Binford, 1980; Schacht, 1984; Stern, 1994), and time depth 

results in the accumulation and potential loss of successive interactions, resulting in a 

palimpsest (see Section 3.1.1). The term palimpsest has a long history of use in archaeology 

(see Binford, 1981), and generally refers to the accumulation or superimposition of successive 

activities in the archaeological record, the material traces of which are partially destroyed, 

modified or re-worked, resulting in the possible erasure of earlier traces (Lucas, 2005, p. 37; 
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Bailey, 2007, p. 203). Ultimately, palimpsests limit the observability of distinct activities or 

events by imposing an incomplete record that cannot be readily distinguished in time.  

 

Palimpsests in the archaeological record can be understood in various ways, specified by the 

nature of the relationship between the processes of deposition and disturbance (see  Bailey, 

2007). Strict definitions define true palimpsests as the erasure of all traces of earlier activity 

from the archaeological record except for the most recent. In this situation, the occupation 

history of an archaeological site essentially starts anew, severing all connections between the 

past and present. In contrast, cumulative palimpsests occur when successive episodes of 

deposition, or layers of activity, remain superimposed, resulting in an archaeological record 

that is reworked and mixed temporally, making it difficult to separate and observe the original 

constituents. Thus, the primary problem when interpreting palimpsests is that while events in 

the archaeological record can be observed, identifying how those events are related temporally 

before being ordered into a deposition sequence is often challenging. Consequentially, 

archaeologists often use the term ópalimpsestô to define deposits that are difficult to resolve 

chronologically, whether due to poor temporal resolution or impaired stratigraphic association 

(e.g., Carr, 1987; Gillespie & Brook, 2006; Henry, 2012; Sharon et al., 2014). 

 

This discussion highlights how interpretations of the archaeological record are limited by the 

temporal resolution in which they can be visualised. However, as several scholars have pointed 

out, palimpsests also provide a unique opportunity to focus on the accumulative and 

transforming properties of the archaeological record through the loss and destruction of 

evidence (see Bailey, 1981; Binford, 1981; Foley, 1981; Bailey, 1983; Wandsnider, 1996; 

Lucas, 2010). Therefore, the disentanglement of observed palimpsests provides a means to 

understand how different aspects of assemblage formation pertain to establishing the temporal 

scale of an archaeological site (Sullivan, 2008). In this way, controlling the temporal scale at 

which the past is viewed allows a clearer understanding of how the archaeological record is 

formed and the changes witnessed through time. In essence, this is the application of time 

perspectivism. 
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3.1.1 Time Perspectivism 

Bailey (1981, p. 103) first described time perspectivism as ñthe belief that differing timescales 

bring different features of behaviour into focus, requiring different explanatory principlesò. 

Few archaeologists would deny that the past can be thought about at different scales and that 

different questions come into focus depending on the analytical lens employed (Harris, 2017, 

p. 2). Thus, the application of scale in archaeological research has occupied a prominent place 

in the discourse when seeking to understand and explain change in the archaeological record, 

whether explicitly or implicitly (e.g., Lock & Molyneaux, 2006; Robb & Pauketat, 2013; Harris, 

2017). Two principal ideas underpin this theory. First, changing the observation scale 

(particularly the timescale) changes what we observe in the archaeological record. Second, 

structurally the archaeological record is inherently a palimpsest, and the coarse resolution of 

the material determines what we can or cannot know about the past (see also Ramenofsky & 

Steffen, 1998). However, rather than being a limitation, the theory of time perspectivism 

approaches this lack of resolution as an opportunity to focus on scales of phenomena not 

available to ethnography and the study of present-day processes or events.  

 

Applying the theory of time perspectivism requires reading the archaeological record as a 

unique historical dataset on which to base multiple scales of explanation (Holdaway & 

Wandsnider, 2008, p. 2). Each scale of examination explores the interrelationship between 

natural and cultural timescales and the processes which underpin the formation of the 

archaeological record (Wandsnider, 2008). When expressed this way, Baileyôs (1981) 

definition highlights how processes operate independently of the observer, with the added 

implication that how these processes are perceived or observed changes their interpretation 

(Bailey, 2007 p. 5).  

 

The two principal ideas outlined above embody two distinct aspects of timescale: time depth 

(long or short) and time span (resolution) (Bailey, 2008, p. 14). These two aspects are 

inherently linked, as large high-resolution datasets resulting in accurate chronologies permit a 

focus on shorter time spans. In comparison, smaller datasets of lower resolution are inherently 

limited to considerations of longer time spans. However, this correlation is not absolute and is 

primarily defined by the temporal context of the research. Principally, what can be observed in 
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the archaeological record changes depending on how close in time we are to the phenomena 

being observed (Bailey, 1981). Closeness in time (short time depth) allows observation of finer 

detail within a narrow field of view, while remoteness in time (long time depth) results in a 

loss of local definition but the potential to observe larger patterns (cf. Renfrew, 1981). Bailey 

(1983 p. 186) expanded on these themes, developing the concept of ótime as representationô 

rather than time as process,  highlighting how different observers incorporate time theory into 

their research through different ótime structuresô (i.e., cognitive, conceptual, psychological, 

cultural, or cosmological). This conception of time exposes the contrast between 

ñenvironmentalistò (ecological and environmental) and ñinternalistò (social and symbolic) 

approaches to time, relating the former to long-time scales and the latter to short-time scales.  

 

This conception of time is the foundation of critiques suggesting time perspectivism is just 

another extension of the Annales approach to history (Bintliff, 1991; Harding, 2005). The 

Annales approach, as championed by Braudel (1972, 1980), is critical of traditional history 

written as a simple sequence of events. Braudel (1972) defined three specific timescales over 

which history can be examined: the long, medium and short term. The long term, or longue 

durée, refers to over-arching (slow-moving) processes such as environment; the medium-term 

refers to social or structural history, covering concepts such as persistent social or economic 

organisation forms; and, the short term relates to specific events or actions by individuals 

(Lucas, 2008, p. 15). Archaeological interest in the Annales approach emerged in the late 1980s 

and early 1990s, with several publications drawing inspiration from this school of thought (see 

Hodder, 1987; Bintliff, 1991; Knapp, 1992; Gurevuch, 1995; Last, 1995). However, Bailey 

(2007 p. 6) argues that the comparison of time perspectivism to the Annales school of thought 

oversimplifies the varied intellectual genealogies of these different approaches. Within his 

argument, Bailey (2007, p. 6) highlights the differing sources of empirical inspiration and the 

range of timespans and scales embraced by these two approaches. Importantly, time 

perspectivism uses specific research questions to determine the scale of the analysis rather than 

defining the event by the overarching temporal structure (Bailey, 2007, p. 202). Critically, as 

also pointed out by Harding (2005 p. 95), the way in which these critics have interpreted 

Braudelôs approach considers each timescale as structural rather than inherent to the activities 

that form them, placing the composition of history outside the processes that produce it.  
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The juxtaposition between long-term (environmental or ecological) and short-term (social) 

processes is also the foundation of critiques from the post-processual wing of theoretical 

archaeology, suggesting time perspectivism is environmental determinism or ecological 

functionalism by another name, ignoring social and cognitive variables as short-term ónoiseô 

(Tilley, 1981; Shanks & Tilley, 1987; Thomas, 1996; Robb & Pauketat, 2013). However, 

Bailey (2007, p. 5) addressed this critique by reiterating that time perspectivism does not 

remove consideration of social factors from the long term. Instead, the theoretical approach 

questions the appropriateness of theories and concepts drawn from social anthropology, 

cultural geographers, historians and sociologists, who approach the historical record from 

different contexts, scales and types of evidence. This difference is highlighted in Baileyôs (1983) 

earlier work, where he expressed a need to move beyond simple temporal categorisations of 

environmental and internalist processes, as both might operate on long and short time scales. 

However, Bailey (1983, p. 182) stipulates that their relative influence and the nature of their 

interaction with the archaeological record might differ depending on the observation scale, and 

these differences should be investigated rather than assumed.  

 

The theory of time perspectivism gained momentum in the 2000s, with several theoretical and 

practical applications of the approach  (see Stern et al., 2002; Wandsnider, 2004; Hull, 2005; 

Holdaway & Wandsnider, 2006; Whittle & Bayliss, 2007; Altizer, 2008; Sullivan, 2008; 

Wandsnider, 2008). In one such application, Wandsnider (2004) critiqued approaches to the 

study of Mediterranean surface archaeology, describing a condition of ómultiple paradigm 

disorderô with two clear competing theoretical approaches: a regional settlement pattern 

paradigm focused on functional and processual approaches and a multi-temporal paradigm 

fixated on formational approaches. Wandsnider (2004) suggests that the application of regional 

settlement pattern studies, focused on a óflat-timeô functional approach, is fundamentally 

flawed. She submits that this approach does not deal well with the complexity identified in the 

archaeological record, utilising intensive non-site methods that document taphonomic variation 

to pursue functional goals that do not satisfactorily assign meaning to the varied archaeological 

landscape. Instead, Wandsnider argues for an acceptance of the óformational metaphysicô, 

highlighting time perspectivism, which offers an understanding of agency, causation, and 

temporality that is inherently linked to the archaeological record and the human and natural 

processes operating at various temporal scales. Wandsnider (2004, pp. 55ï56) advocates for 

archaeologists to take a multi-scalar approach, examining changes within the long-term 
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structures of the archaeological record by focusing on the accumulated characteristics of the 

material assemblage.  

 

This multi-scalar research strategy approaches archaeological assemblages by narrowing or 

widening the observation scale. Bailey (2007) refers to this process as the ómicroscopicô or the 

ómacroscopicô tendencies. The ómicroscopic tendencyô shrinks the focus of the research 

question, working down through successively smaller scales of analysis to the levels of 

individual actions, beliefs, and social interactions. Conversely, the ómacroscopic tendencyô 

broadens the scope of analysis, placing phenomena in a widening perspective of large-scale 

comparison. Changing the scale of analysis in this way makes the data more amenable to 

interrogation by applying differing research questions. The principal argument underpinning 

the time perspective approach is that regardless of the scale applied, whether microscopic or 

macroscopic, archaeologists will still be confronted with palimpsests of varying degrees. 

Therefore, no one type of scale is the best, and the analysis approach should be tailored to the 

temporal resolution of the dataset and the applied research questions.  

 

Hull (2005) demonstrated how disparate concepts of time can be reconciled through a 

perception-based approach to time perspectivism, broadening the scale of analysis from the 

minimum (microscopic) scale of the average human lifespan. Hull investigated how processes 

affecting culture operate at different timescales using hunter-gatherer remains from Yosemite 

Valley in California. This case study demonstrated how archaeologists can explore past change 

rates to determine perceptions of these processes (or lack thereof), utilising multiple analytical 

scales to identify the variables that define cultures through cause and effect. This approach uses 

considerations of succession, duration, simultaneity, and pace of events to reconcile objective 

and subjective time and examine the overarching process responsible for cultural change. 

Critically, the relationship between the long and short temporal views enhances the 

interpretation of both scales. Hull (2005, p. 374) notes that while Bailey (1983) did not initially 

explore potential methodological approaches for multi-temporal analysis on shorter time scales, 

his consideration of past behaviour as a product of different processes indicates the 

applicability of a narrow focus. Hull champions the time perspectivism approach and its ability 

to reveal distinct, overlapping trends that likely relate to various phenomena and their influence 

on disparate temporal scales, and concludes that if archaeological analysis ignores a multi-
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scalar approach, it can be at risk of simply observing (i.e., succession) rather than explaining 

(i.e., process) these phenomena.  

 

At the same time, Lucas (2005, pp. 43ï49) criticised time perspectivism through his 

distinctions between óchronologicalô time (objective time) and órealô time (narrative time). 

Lucas reiterates how a chronological framework of numerical time inherently emphasises time 

as a succession of unilinear events. Lucas argues that such frameworks ultimately lead to 

explanations with a similar structure, tracking progressive evolutionary stages of development 

from primitive to advanced, enlightened by the position of the modern observer. Lucas 

describes these approaches as a totalising grand narrative that legitimises the power of those 

who promote it. In contrast, Lucas (2005, pp. 49ï60) suggests narrative time emphasises time 

as duration and flow rather than as a sequence, which corresponds more closely to time as 

experienced by the individual, which can result in many different temporalities and narratives 

(see also Lucas 2008, 2010, 2012). When reflecting on the two competing ideologies of time 

as applied to archaeology (objective and subjective), Bailey (2008) states that theoretical 

considerations of time are just a source of inspiration, one point of view, and that view should 

not become an obsession in disregarding others. Archaeology provides the opportunity to 

observe human history through a wide range of scales, and archaeologists risk missing 

overarching controlling processes by ignoring possible larger-scale processes on the grounds 

of determinism.  

 

Following these critiques, Bailey (2007, p. 201) clarified his definition of time perspectivism 

by redefining four crucial ideas: different phenomena operate on independent timespans and 

resolutions; these phenomena should be viewed at their own timescale; differential time has a 

distorting effect on perspectives, which an awareness of perspective corrects; and observations 

of time are subjective. Bailey (2007, p. 35) argues that the contrast between real-time and 

ónarrative timeô is vastly over-simplified and confuses reference to a structured chronology 

with chronology as a form of temporal interpretation. The premise of this argument is that using 

a chronological framework does not inherently mean archaeologists are predestined to 

construct linear or progressive types of explanations which minimise subjective experiences of 

time. More recent efforts to break down this dichotomy have recognised that different ókindsô 

of time can be found in all societies and that when exploring these concepts, archaeologists 
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must still consolidate observations of the archaeological record to scientific chronological 

frameworks (Gardner, 2001; Harding, 2005; Lucas, 2008; Herzfeld, 2009). Such work has 

drawn on similar debates in anthropology to produce accounts of temporal experience, which 

are multi-scale and pluralist (Gardner, 2012, p. 147).  

 

Three more recent case studies have since been published utilising Bailey's theoretical 

approach: (i) Epp (2010) applied time perspectivism in their study of three Mennonite 

cemeteries in York County, Nebraska. This case study provides an example of short-term scale 

change, using headstone inscriptions and decorative motifs, highlighting the Mennonite's 

transition from Standard German to English. (ii) Gardner (2012) studied a Romano-British 

farmstead in the Cotswolds, considering palimpsests and aggregates to examine overarching 

patterns within the archaeological record, demonstrating the communityôs ñvaried tempos and 

temporalities of actionò across time. Gardner's approach included considering sporadic and 

continuous change events in the archaeological record due to outside economic and structural 

shifts. (iii) Rzepecki (2014) analysed two Polish megalithic tombs, Sarnowo 1 and 

świerczynek,  re-evaluating these sites as multi-phased cumulative palimpsests. Gardner found 

that while both tombs exhibited defined style variations, they also showed evidence of 

sustained funerary meaning over the long term.  

 

New Zealandôs short chronology provides a unique setting from which to examine palimpsests 

through a time perspectivism approach, as it exhibits a limited time depth for palimpsests to 

form when compared to archaeological landscapes worldwide. However, the palimpsests 

encountered within New Zealandôs archaeological record are still distinct, and are inherently 

created within very narrow periods (i.e., one generation). These palimpsests challenge 

archaeologists, as the temporal resolution required to disentangle the sequence of observed 

activities and events calls for a precision that has historically been beyond the capacity of 

previously applied approaches. As discussed previously, fine-grained chronological 

development in New Zealand has been hampered by several persistent issues, resulting in a 

temporal resolution too imprecise to provide meaningful interpretations of the archaeological 

record. This imprecision has particularly affected attempts to seriate pǕ or track their 

proliferation over time at local and regional scales. However, with the appropriate application 

of modern high-precision 14C techniques and sampling strategies, refined chronological 
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frameworks can be established that permit the observation of activities that occur within this 

narrow window of time.  

 

As outlined in Section 1.2, the research presented here aims to investigate the construction, 

development and proliferation of pǕ in the Middle Waikato Basin using a time perspectivism 

approach. This approach is applied through three objectives focusing on different scales of 

analysis: Event, Local and Regional. Ultimately, this multi-scalar approach identifies events, 

actions and behaviours within a defined timespan, allowing the lived experience of the people 

and communities occupying this pǕ to be linked to influential processes resulting from the 

broader environmental and cultural landscape. These processes are observed as the scale of 

analysis broadens, focusing on a longer timescale, highlighting how the influence of these 

processes shifts and evolves, which is captured in the archaeological record. 

 

3.2 Radiocarbon (14C) Dating 

One of the primary goals of archaeologists since the nineteenth century has been the control of 

chronology, specifically the ability to define sites, features and events within a defined 

chronological framework (Lucas, 2015). Before the advent and development of óobjectiveô 

chronologies (based on absolute measurements of time), the past was described by Renfrew 

(1973) as ñchaoticò, with chronologies primarily based on the relative ordering of events 

through stratigraphy, typologies and seriations between sites (see Piggott, 1954; Childe, 1957; 

Thomas & Ehrich, 1969; Renfrew, 1973). However, the invention of radiocarbon dating by 

Willard Libby and his colleagues (Arnold & Libby, 1949, 1950; Libby, 1951) provided a 

method for developing independent (numerical) chronologies for disparate archaeological sites 

and events in time. The 14C dating method enabled archaeologists to examine deposits and 

associated events independent of typology, with chronological frameworks anchored using 

measurements of 14C, resulting in a range of new research hypotheses and paradigms that 

restructured our understanding of prehistoric archaeology around the world (e.g., Renfrew, 

1973; Manning & Weninger, 1992; Needham et al., 1997; Manning et al., 2001; Sharon et al., 

2007; Kuzmin, 2009; Bronk Ramsey et al., 2010b; Higham et al., 2014; Manning et al., 2020; 

Hafner et al., 2021).  
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The application of radiocarbon dating is now routine globally, with the advancement of modern 

14C techniques described as some of the most significant advances in archaeological science 

(see Manning, 2014 for review). In the years since its development, significant technical and 

methodological refinements have continued to shape our understanding of the past, including 

improvements to the instruments used to detect and measure radiocarbon, ongoing efforts to 

improve the calibration datasets that convert 14C age to calendrical time, and the development 

of statistical methods of analysis (Renfrew, 1973; Litherland, 1980; Allen, 1987; Dennell, 1987; 

Harris et al., 1987; Buck et al., 1991; Taylor, 1995; Goslar & Madry, 1998; Bronk Ramsey, 

2001; McCormac et al., 2002; Buck & Blackwell, 2004; Buck & Millard, 2004; Bronk Ramsey 

et al., 2006; Bronk Ramsey, 2008; Bayliss, 2009; Bronk Ramsey et al., 2010a; Steinhof, 2016; 

Kruschke & Liddell, 2018; Hogg et al., 2019a; Hajdas et al., 2021; Reimer, 2022). As Clark 

(1970, p. 38) stated, ñ14C dating is the reason the study of world prehistory is possible, with the 

discipline contributing the first worldwide chronometric timescale that transcends local, 

regional and continental boundariesò.  

 

3.2.1 Basic Theory 

The 14C dating method is based upon three empirical observations: the production of natural 

14C in the atmosphere, its dispersal into the biosphere through photosynthesis, and the 

exponential decay of 14C in a sample after it is removed from the carbon cycle (see Bronk 

Ramsey, 2008, for a complete review). Natural 14C is a radioactive isotope of carbon 

continuously generated in the upper atmosphere through neutron bombardment, resulting from 

the interaction of 14N with cosmic ray-induced neutrons (Pandow et al., 1960). 14C atoms 

rapidly oxidise in the air and enter the global carbon cycle as 14CO2 (Aitken, 1990). The 

production rate of 14C is relatively steady (though not constant) and is influenced by the influx 

of cosmic rays, solar activity and the strength of Earthôs magnetic field (O'Brien, 1979; Vogel 

et al., 1986; Vogt et al., 1990; Masarik & Reedy, 1995; Masarik & Beer, 1999; Channell et al., 

2000; Laj et al., 2000; Beer et al., 2012). While the global 14C production rate has been 

estimated by modelled reactions (O'Brien, 1979; Masarik & Reedy, 1995) and by calculating 

from current concentrations (Suess, 1965; Damon et al., 1978), attempts to directly measure 

the production rate of 14C have produced varied results (see Bronk Ramsey et al., 2007). On 

the timescales generally considered in archaeology, 14C production is assumed to be fairly 
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constant. However, short-term production events resulting from individual events can have 

significant implications (Damon et al., 1995).  

 

Short-term 14C production fluctuations from individual events (i.e., production variations, e.g., 

supernovae or ameliorating variations, e.g., from changes in solar output, geomagnetic field 

strength, or from the global carbon cycle) are known to have generated short-term wiggles in 

the radiocarbon calibration curve (Bronk Ramsey, 2008, p. 251). Several of these events have 

been observed and measured (see Voelker et al., 2000; Wagner et al., 2000; Laj et al., 2002; 

Hughen et al., 2004b; Miyake et al., 2012; Miyake et al., 2013). Of relevance are ñMiyaki 

eventsò, which are characterised by sudden, single-year leaps in the concentration of 14C in 

trees, as well as beryllium-10 and chlorine-36 in ice sheets (Miyake et al., 2012; Miyake et al., 

2013; Jull et al., 2014).  The source of these phenomena is still debated. However, supernovas 

(Miyake et al., 2012) or solar effects (Usoskin et al., 2013) are considered the likely cause. The 

observation of these events demonstrates the potential for short-term variability of atmospheric 

radiocarbon and the subsequent implications for calibrating calendar age. Therefore, the 

necessary conclusion from the production process is that while it is assumed to be constant, it 

can also fluctuate on various timescales (Bronk Ramsey, 2008, p. 251). 

 

Radiocarbon is distributed through the Earthôs atmospheric, terrestrial, and marine carbon 

reservoirs by the global carbon cycle. Around 90% of all 14C resides in the worldôs oceans, 

which can be further divided into three zones: surface, intermediate, and deep ocean zones. The 

marine reservoir contains a variety of carbon-containing inorganics and organics, including 

various classes of carbonates and bicarbonates, dissolved organic carbon (DOC) compounds, 

and marine organisms (Taylor & Bar-Yosef, 2014a, p. 32). Carbon is incorporated into the 

main atmospheric and aquatic carbon reservoirs via photosynthesis (Taylor & Bar-Yosef, 

2014b). In simple plant organisms (e.g. algae), the proportion of radiocarbon provides a 

snapshot of the reservoir in which the organism lived. In the case of longer-lived plants (e.g., 

trees), this 14C signature is captured within the cell's cellulose. As those cells die,  their carbon 

exchange ceases, providing a record (i.e., tree ring) of the ambient radiocarbon isotope ratio 

over a more prolonged period (Bronk Ramsey, 2008, p. 253). Animals ingest 14C via the food 

chain while releasing a portion of 14C through respiration and excretion. Ultimately, when an 
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organism dies, its carbon exchange with the biosphere (including the atmosphere) ceases, and 

radiocarbon decay causes the level to decrease with time (Bronk Ramsey, 2008, p. 253).  

 

Radiocarbon decay occurs through beta decay (Bronk Ramsey, 2008, p. 254), emitting a beta-

minus (ɓï) or negatively charged beta particle (electron) from its nucleus to form 14N and an 

electron antineutrino. Like all radioactive decay, this is a random process which can occur at 

any time from formation. For 14C dating applications, the fundamental constant that permits 

age calculation based on a measurement of a residual 14C concentration in a sample is the decay 

constant or half-life of 14C (the time taken for 50% of nuclei to decay). This half-life is often 

quoted as two different values. The first is 5568 ± 30 years, established by  Engelkemeir et al. 

(1949). The second is the Cambridge-half life of 5730 ± 40 years, which is considered a better 

overall estimate (Godwin, 1962). It should also be noted that the Decay Data Evaluation Project 

has more recently established the half-life at 5700 ± 30 (Bé et al., 2004). However, the critical 

aspect of radiocarbon decay is that once 14C has been locked into an organism from the 

environment, and the organism dies, the proportion of radiocarbon will drop exponentially at a 

rate that is entirely independent of any chemical or physical conditions, and this drop can be 

measured accurately resulting in a radiocarbon date (Bronk Ramsey, 2008, p. 254). 

 

3.2.2 Calibration  

Soon after the method was developed, it became clear that radiocarbon measurements and 

calendar years are not directly correlated due to variations in past atmospheric 14C levels (Suess, 

1955; de Vries, 1958, 1959). Recognition of the need to calibrate conventional radiocarbon 

ages into calendar time is cited as the second revolution in radiocarbon dating (Renfrew, 1973). 

Atmospheric 14C levels are affected by a variety of complex factors which cannot be modelled 

mechanistically. As discussed above, these include solar cycles and storms, geomagnetic 

variations in the Earth, unpredictable up-welling of old carbon from substantial reservoirs 

(oceans), and human activity such as atomic bomb testing and release of old carbon in fossil 

fuels (OôBrien, 1979; Vogel et al., 1986; Vogt et al., 1990; Stuiver et al., 1991; Masarik & 

Reedy, 1995; Masarik & Beer, 1999; Channell et al., 2000; Laj et al., 2000; Beer et al., 2012; 

Skinner et al., 2019; Hua et al., 2020; Heaton et al., 2021). 
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Therefore, converting radiocarbon ages (14C ages) into calendar time requires measured 14C 

concentrations from the dated material to accurately reflect atmospheric 14C levels during the 

period of growth (Hogg et al., 2019a, p. 1265). Without this correction, radiocarbon ages 

cannot be directly compared to historical dates or ages measured by other methods (e.g., 

dendrochronology). Therefore, the calibration curve lies at the foundation of 14C dating and its 

application. For the periods where it is possible, the main backbone of calibration is 

dendrochronologically dated tree rings (Reimer et al., 2020; Van der Plicht et al., 2020). 

Dendrochronologically dated tree ring sequences offer unsurpassed accuracy and resolution for 

atmospheric 14C levels when developed from a reliable tree-ring chronology and if the 

pretreated dated fraction accurately reflects atmospheric 14C concentrations during the time of 

growth (McCormac et al., 1998a). This situation has resulted in a long history of calibration 

datasets developed using these records, which have evolved in response to innovations and 

updated data (see Reimer, 2022, for a complete review).  

 

3.2.2.1 The Evolution of Calibration Datasets 

Hessel de Vries (1958, 1959) was the first to convincingly demonstrate that atmospheric 

radiocarbon concentration varied by up to 1% over the last 400 years, which was previously 

hypothesised by Suess (1955). Throughout the 1960s, variations in the 14C time scale were 

documented via 14C determinations on dendrochronologically dated wood, including tree ring 

chronologies obtained from giant California sequoia (Sequoia gigantea), European oaks 

(Quercus spp.) and bristlecone pine (Pinus longaeva) (Ralph & Struckenrath, 1960; Willis et 

al., 1960; Stuiver, 1961, 1965; Suess, 1965; Stuiver & Suess, 1966). This research identified 

that the 14C data exhibited two types of cyclicity: a major trend of long-term ósine waveô 

characteristics (Suess effect) and medium to short-term fluctuations of various durations (de 

Vries effects).  

 

Pivotal to this early work was research conducted by Hans Suess, who developed a hand-drawn 

calibration curve using a method called ócosmic schwungô (Suess, 1967, 1970). The 

development of the bristlecone pine chronology was particularly influential (Ferguson et al., 

1966), as it extended radiocarbon calibration from 4100 BC to AD 1500 (Suess, 1967). 

Building on the bristlecone pine chronology, the calibration curve was extended from 5400 BC 
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to the present by Suess (1970). However, at the time, Suessôs calibration curve was not 

overwhelmingly accepted, with several critiques of the curveôs construction method and 

structure (see Burleigh et al., 1972; Adams, 1973; Switsur, 1973; Damon et al., 1974; Ralph et 

al., 1974). These critiques culminated in a review by Renfrew and Clark (1974), who examined 

all previously developed curves and calibration methods and found all to be statistically 

unsatisfactory (see also Wendland & Donley, 1971; Clark, 1975). It was not until the 

development of high-precision gas and liquid scintillation spectrometers that the structure of 

the calibration curve was further refined (Pearson et al., 1977; Tans & Mook, 1978; de Jong et 

al., 1979; Pearson, 1979; Stuiver et al., 1979; Stuiver & Quay, 1980), confirming the existence 

of the Suess-type wiggles.  

 

The 1980s saw a dramatic increase in the number of available calibration datasets and curves, 

including the first officially recommended bi-decadal curves (Pearson & Stuiver, 1986; Stuiver 

& Pearson, 1986). These curves were primarily based on measurements of Irish oak tree ring 

chronologies (Pilcher et al., 1984) and trees from the western U.S. (Stuiver & Becker, 1986). 

These developments resulted in the atm20 calibration curve for terrestrial samples implemented 

using the computer program CALIB (Stuiver & Reimer, 1986). Oeschger et al. (1975) also 

developed a óglobalô marine calibration curve using an ocean-atmosphere box model with the 

atmospheric curve as input age (Stuiver et al., 1986).  

 

The 1980s concluded with a review conducted by Aitchison et al. (1989), who investigated the 

1986 calibration datasets, methods and programs. This review resulted in the further 

development and application of Bayesian calibration models, initially developed by Buck et al. 

(1991) and later refined using probabilistic methods for calibration (Stuiver & Reimer, 1993; 

van Der Plicht, 1993; Bronk Ramsey, 1994), along with a new statistical framework for dealing 

with multiple 14C dates (Buck et al., 1991; Buck et al., 1992; Buck et al., 1994; Christen, 1994; 

Christen & Litton, 1995; Buck et al., 1996). When these computational methods were first 

developed, even relatively small models used considerable computing power, spurring the 

development of purpose-built calibration statistical packages such as OxCal, BCal, Calib, 

DateLab, Bpeat, and Bacon (Stuiver & Reimer, 1993; Bronk Ramsey, 1994; Buck et al., 1999; 

Bronk Ramsey, 2001; Jones & Nicholls, 2002; Blaauw et al., 2018).  
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Following further improvements to the calibration datasets in the late 1990s, including the 1993 

and 1996 updates (see Bard et al., 1998; Burr et al., 1998; Goslar & Madry, 1998; Hughen et 

al., 1998; McCormac et al., 1998a; McCormac et al., 1998b; Spurk et al., 1998; Stuiver et al., 

1998a; Stuiver et al., 1998b), the first meeting of the IntCal Working Group (IWG) in 2002 

determined a criteria for data included within the planned IntCal04 calibration curve (Reimer, 

2004). Additionally, a random walk model was chosen as the new statistical method for 

calibration, accounting for the uncertainty of the sampleôs calendar and 14C ages to calculate 

the curve (Buck & Blackwell, 2004). A preliminary Southern Hemisphere atmosphere 

calibration curve was also established, SHCal02 (McCormac et al., 2002), which was extended 

to 11,000 cal BP using the IntCal04 curve tree-ring data and a modelled Southern Hemisphere 

offset (see also McCormac et al., 2004). Since this first meeting, the IWG has provided updated 

14C calibration curves at semi-regular intervals. Continuing updates are required as new 

datasets are made available and as our understanding of the natural fluctuations in 14C in the 

atmosphere and oceans improves, with curves (or particular datasets) becoming obsolete over 

time (see Hughen et al., 2004a; Reimer, 2004; Reimer et al., 2009; Hogg et al., 2013a; Reimer 

et al., 2013; Hogg et al., 2020; Reimer et al., 2020). The latest calibration curve iterations are 

IntCal20 (Reimer et al., 2020), Marine20 (Heaton et al., 2020b), and SHCal20 (Hogg et al., 

2020).  

 

3.2.2.2 Southern Hemisphere Calibration 

Currently, SHCal20 (Hogg et al., 2020) is the only atmospheric 14C reservoir recognised for 

dating pre-AD 1950 terrestrial material in the Southern Hemisphere. The need for separate 

hemispheric calibration curves derives from an observed offset in atmospheric 14C 

concentrations between the Northern (NH) and Southern Hemispheres (SH). This offset was 

recognised via observations of depleted 14C levels in measurements of SH tree rings, which 

exhibited older values compared to the NH's contemporaneous tree rings (Lerman et al., 1970; 

Vogel et al., 1986). Continued research has shown that the north/south (N/S) 14C offset varies 

over time, creating structural differences between the calibration curves for each hemisphere 

(McCormac et al., 1998a; McCormac et al., 1998b; Hogg et al., 2002; McCormac et al., 2002). 

The most recent estimate of the mean N/S offset is calculated to be 36 ± 27 14C yrs (Hogg et 

al., 2020). The N/S offset is proposed to result from a higher sea-air 14CO2 flux from the more 

immense SH oceans (Rodgers et al., 2011; Goosse et al., 2024).  
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The first SH calibration curve (SHCal02) was published by McCormac et al. (2002), composed 

of dendrochronologically dated tree rings from New Zealand, Tasmania, Chile, and South 

Africa for the second millennium AD. At that time, a correction value of 41 ± 14 yrs for 

IntCal98 was used for the period outside this range (Stuiver et al., 1998a). For the 2004 update 

(SHCal04) by McCormac et al. (2004), the SHCal02 datasets were extended to 11,000 cal BP 

through a random effects model (Buck & Blackwell, 2004) that accounted for the slow 

variations of the interhemispheric offset over time. However, the possibility of large-scale 

carbon reservoir changes that may have altered the interhemispheric offset before the Holocene 

limited the calibration of samples older than 11,000 cal BP (Hogg et al., 2013). 

 

The 2013 update (SHCal13) also utilised the datasets incorporated into SHCal04 from 0ï1000 

cal BP, with the addition of ANSTO Huon data from 325ï175 cal BP (Hogg et al., 2013a). 

SHCal13 was also extended with the inclusion of Waikato kauri, Huon and modified CAMS 

Huon datasets (Zimmerman et al., 2010; Hogg et al., 2013a; Hogg et al., 2013b). Additionally, 

SHCal13 was constructed using a Markov chain Monte Carlo (MCMC) implementation of the 

random walk model (Blackwell & Buck, 2008; Heaton et al., 2009; Niu et al., 2013). The 

random walk model incorporates an approximate Bayesian method that considers additional 

aspects of the component data, such as the potential uncertainty in the calendar ages of older 

determinations, and that many tree-ring observations related to multiple years of metabolisation 

(Buck & Blackwell, 2004). Ultimately, this approach enabled the unique structures in the 

calibration datasets to be included in the curve, such as floating sequences of tree rings and 

more complex covariances in the calendar age estimates provided by wiggle-matching or 

paleoclimate tie-pointing (Heaton et al., 2020a, p. 882). However, the random walk method did 

have several limitations. Firstly, the method was slow to run, requiring many highly dependent 

parameters. Secondly, assessing whether the MCMC had reached its equilibrium distribution 

was challenging. These inherent aspects of the random walk method restricted the ability to 

explore the impact of specific modelling assumptions or individual data on the final curve 

(Heaton et al., 2020a).  

 

In 2020, both hemispheric calibration curves were redesigned from the random walk 

construction method used in previous versions to an approach based on Bayesian splines with 

errors-in-variables (Heaton et al., 2020a; Hogg et al., 2020; Reimer et al., 2020). The Bayesian 
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spline construction method creates a calibration curve based upon a trade-off between the 

quality of the curveôs fit to the calibration datasets and its roughness/wiggliness (Reimer, 2022, 

p. 532). This penalty on roughness limits ñover-fittingò and the potential introduction of false 

variability. An additive error term was also included, dealing with any potential additional 

variability in observed tree-ring 14C measurements and explicitly recognising rapid 

atmospheric 14C change events (e.g., Miyake et al., 2012;  Miyake et al., 2013). Therefore, the 

main difference in applying SHCal20 to previous versions of the SH calibration curve is the 

increase in the level of detail within the structure of the curve and the introduction of prediction 

intervals which recognise potential additional sources of variation in observed 14C 

determinations beyond that occurring in laboratory measurement (Heaton et al., 2020a, p. 859).  

 

3.2.3 Accelerator Mass Spectrometry (AMS) 

The measurement of radiocarbon is inherently restricted by its low abundance, placing a 

statistical limit on the precision of any radiocarbon date. This problem is highlighted by Bronk 

Ramsay (2008, p. 258), who states that for a measurement with an overall precision of 25 years 

(0.3%), you need to have at least 105 atoms present, implying 2 ɛg C for a modern sample, or 

about 10 ɛg C for a sample that is 12,000 years (12 ka) old. Thus, the technique's measurement 

stage aims to accurately measure the isotope ratio with high precision (Bronk Ramsey, 2008, 

p. 258). Over the past 50 years, there has been a steady improvement in 14C dating measurement 

methods, particularly regarding precision and cost efficiency. Until the late 1970s, the sole 

technique for evaluating the 14C concentration ratio in a sample was by measuring its 

radioactivity: the emission rate of beta particles per gram of total carbon. Initially, this was 

achieved using modified Geiger counters and gas proportional counters, and later, liquid 

scintillation spectrometers were developed (e.g., Pearson et al., 1977; Tans & Mook, 1978; de 

Jong et al., 1979; Pearson, 1979; Stuiver et al., 1979; Stuiver & Quay, 1980).  

 

However, one of the most significant developments is the introduction of accelerator mass 

spectrometry (AMS) for directly detecting radiocarbon (Bronk Ramsey, 2008, p. 258). AMS 

combines mass spectrometry with an accelerator to measure isotopic ratios (Litherland, 1980; 

Allen, 1987; Synal & Wacker, 2010). In a 14C sample, negative beta decay, monitored over 

several weeks or months, will occur in only a tiny fraction of the 14C atoms present. Decay 
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counting systems infer the concentration of 14C in an organic sample by measuring the rate of 

14C beta decay exhibited by that sample and comparing it against a contemporary standard. 

However, an AMS system directly measures the isotope ratios of 14C relative to 13C and 12C, 

comparing that value with the 14C/12C ratio exhibited by a contemporary standard.  

 

The development of AMS has been heralded as revolutionary for archaeological applications 

because it provided the ability to date tiny samples (Taylor, 1995), opening a range of new 

research questions which previously were beyond the reach owing to available datable material 

being too small or precious (see Damon et al., 1989). Consequently, AMS technology has 

permitted the measurement of very specific target organics containing trace amounts of carbon 

(i.e., individual seeds, pollen species, specific molecular weight fractions, single amino acids, 

or a specific protein isolated from samples of bone or teeth). Ultimately, this technique has 

resulted in an increased efficiency compared to traditional decay counting methods, with this 

increase in efficiency resulting in smaller sample sizes (in the order of a milligram of carbon) 

(Bronk Ramsey, 2008, p. 258). As described by Harris et al. (1987), the development of AMS 

has fundamentally transformed our understanding of early plant domestication, the spread of 

anatomically modern humans, and the population of the New World. AMS radiocarbon dates 

now dominate most archaeological and paleoenvironmental chronologies (see Bayliss, 2009; 

Hajas, 2009; Kuzmin, 2009), as almost every site produces numerous datable samples (and, 

where possible, single-entity samples) (Ashmore, 1999). Therefore, rather than simply dating 

a single sample, it is now standard practice for archaeologists to combine large numbers of 

radiocarbon dates to create chronological models designed to test specific hypotheses (Bayliss, 

2009).  

 

3.2.4 Bayesian Analysis 

Another influential development in 14C dating has been the rise of Bayesian analysis (Christen 

& Litton, 1995; Goslar & Madry, 1998; Buck & Millard, 2004; Bayliss, 2009; Bronk Ramsey, 

2009a). Bayesian statistical analysis is a widely used tool for investigating chronology because 

it allows relevant archaeological information to be incorporated into the analysis logically, 

coherently, and explicitly, offering a comprehensive chronological framework (Christen & 

Litton, 1995). The Bayesian approach combines calibrated radiocarbon dates with known ópriorô 
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information (Bayliss, 2015, p. 680),  resulting in a chronological framework with functional, 

analytical tools, allowing 14C dates to be integrated with archaeological information to develop 

an informed fine-grained chronology, integrating places, people and things (e.g., Bayliss et al., 

2007; Whittle et al., 2011). Therefore, the application of Bayesian analysis results in dating 

probabilities that not only relate to the 14C data in the model but also to intervals or events 

within the archaeological sequence. This includes the modelled time between dated contexts, 

or the span represented by a set of dates. Bayesô theorem was first developed in the eighteenth 

century. In probability theory and statistics, the theorem, named after Thomas Bayes, describes 

the probability of an event based on prior knowledge of conditions that might be related to the 

event. The mathematical basis for Bayesô theorem can be expressed as:  

 

p (tîy)  ́p (yît) p (t) 

 

As described by Bronk Ramsey (2009a, p. 338), ótô is the set of parameters and óyô is the 

observations or measurements made. The prior, óp(t),ô is the known information we have about 

the parameters (mostly events). The likelihood, p(y|t), is the measurement given a set of 

parameters. The posterior probability, p(t|y), is the probability of a particular parameter set 

given the measurements and the prior. In a Bayesian analysis, we must express the information 

we have about the chronology in these terms (Figure 3.2.1). 
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Figure 3.2.1. Chronological application of Bayes Theorem. 

 

When applying this theorem in chronological applications, numerical calibrated radiocarbon 

ages (likelihoods) can be combined with independent information about the chronology (priors) 

to calculate an improved chronological model (the posterior) (Hajdas et al., 2021, p. 15). 

Therefore, Bayesian analysis creates a suitable posterior that reflects evidence from the 

archaeological record and the temporal relationship between dated events. These statistical 

methods have been incorporated into purpose-built statistical packages such as OxCal, BCal, 

CALIB, DateLab, and Bacon (Buck et al., 1991; Stuiver & Reimer, 1993; Bronk Ramsey, 1994; 

Buck et al., 1999; Bronk Ramsey, 2001; Nicholls & Jones, 2001; Jones & Nicholls, 2002; 

Blaauw et al., 2018).  

 

The reason Bayesian analysis has been so widely adopted in radiocarbon dating can be 

summarised in three points. First, combining radiocarbon dates with prior information can 

dramatically improve precision, making it possible to explore research questions within short 

time spans (Cleal et al., 1995; Bayliss et al., 2007; Meadows et al., 2007; Whittle & Bayliss, 

2007; Bronk Ramsey et al., 2010b). Second, Bayesian analysis allows uncertainties within the 

model to be quantified, resulting in the ability to make robust comparisons between the 

chronology of regions or cultures (see Needham et al., 1997; Manning et al., 2006; Sharon et 

al., 2007; Higham et al., 2014). Third, strategies for dealing with outliers can be incorporated 
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into the analysis, specifically testing that the radiocarbon measurement data agrees with the 

included prior information (e.g., Higham et al., 2010). 

 

3.2.5 Wiggle-Match Dating (WMD) 

The calibration of a single 14C date from the notional ó14C ageô to an accurate ócalendar ageô 

almost always results in a considerable loss of precision, resulting from the nonlinear nature of 

calibration curves. Therefore, no single-valued, differentiable, inverse function can be used as 

a straightforward calibration (Bronk Ramsey et al., 2001, p. 381). Yet, if several different 

points on this curve are sampled, where the calendar age relationship is well characterised, the 

14C data can be fitted to the shape of the calibration curve. For example, if multiple 14C samples 

of tree rings are taken from a timber post, where the age difference between the rings is known 

(by ring counting), and the terminal tree ring is included in the final sample, the corresponding 

14C results can be formed into a floating curve that can be compared with the applied calibration 

curve to give a precise calendar date for when the tree was cut down (Christen & Litton, 1995, 

p. 719). This technique is known as wiggle-match dating (WMD) (Christen & Litton, 1995; 

Bronk Ramsey et al., 2001, p. 381; Galimberti et al., 2004). Matching the 14C data to the 

wiggles in the calibration curve significantly improves the calibration's precision and reduces 

the influence of minor offsets (Bronk Ramsey et al., 2001).  

 

Within the Bayesian framework (OxCal D_Sequence model), a WMD is essentially a normal 

sequence model with a very strong prior, where the only parameter of interest is the final 

modelled date (Felling Date). However, this technique is not only restricted to tree ring 

applications and can be applied in cases where the relationships are described only in terms of 

sequences, phases and other similar constraints (see Manning & Weninger, 1992; Weninger, 

1997; Lange, 1998; Blaauw et al., 2003; Mellstrom et al., 2013). This approach has been shown 

to produce very precise calibrated results under certain conditions, with fewer than ten 

measurements spaced at decadal intervals or better, giving 95% probability ranges of only a 

few decades (Bronk Ramsey et al., 2001, p. 264; Hogg et al., 2003; Hamilton et al., 2007; 

Nakamura et al., 2007; Hogg et al., 2012; Meadows & Zunde, 2014; Hogg et al., 2017). This 

dating technique uses the inherent wiggly nature of the calibration curve to its advantage 
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because well-characterised and rapid changes in radiocarbon concentration in the atmosphere 

can be identified and accounted for in the dating model.  

 

The WMD method was initially tested by Galimberti et al. (2004), who utilised simulations to 

examine the influence of several variables on the technique (e.g. sequence length, sampling 

frequency, and measurement precision), determining the optimum sample number and 14C date 

precision required to generate accurate calendar ages for archaeological material with high 

precision. Since this study, WMD has been applied in archaeological contexts around the world 

(see Manning & Weninger, 1992; Weninger, 1995; Manning et al., 2001; Hogg et al., 2003; 

Hamilton et al., 2007; Quarta et al., 2010; Hogg et al., 2012; Meadows & Zunde, 2014; Bayliss 

et al., 2017; Hogg et al., 2017), and was first applied in New Zealand to produce calendar age 

dates of two important volcanic eruptions (which generated tephras): the Kaharoa eruption 

using a carbonised log (Hogg et al., 2003) and the Taupo eruption using a tree felled by the 

blast generated by the emplacement of the climactic pyroclastic flow deposit (non-welded 

ignimbrite) at the Buried Forest at Pureora (Sparks et al., 1995; Hogg et al., 2012; Hogg et al., 

2019b; Lowe & Pittari, 2021).  

 

However, there are limitations to the technique. Specifically, the ability of an atmospheric 

calibration curve to provide accurate calendar age information for radiocarbon dates derived 

from samples from a specific locality is influenced by four factors (Hogg et al., 2019, p. 1267):  

1. Differences in atmospheric 14C levels within each of the two reservoirs (intra-

hemispheric homogeneity), which may vary with time;  

2. The difference in timing of growing seasons (see Manning et al., 2020);  

3. The accuracy, precision, and reproducibility of component data sets; and  

4. The suitability of the statistical approach that combines the component 14C data sets 

into the calibration curve and the linked approach used to calibrate a new determination 

against it. 
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Therefore, the precision of a WMD date relies on the accuracy, precision and reproducibility 

of the applied calibration curve. As discussed above, the SH calibration curve (SHCal20) over 

the last 1000 years comprises a range of tree-ring datasets, resulting from measurements from 

various laboratories, comprising some one-year, two-year, three-year, five-year and ten-year 

tree-ring blocks (Hogg et al., 2020). The lack of continuous one-year data means that short-

term variations in the atmospheric concentration of 14C are possibly not well represented within 

the calibration curve for some periods, thus affecting the accuracy and precision of the 

produced WMD (Bronk Ramsey, 2008, p. 264; Hogg et al., 2022). 

 

These factors were highlighted by a study conducted by Bayliss et al. (2017) in the Northern 

Hemisphere, which tested whether WMD could produce accurate calendar ages for a series of 

short tree-ring sequences (~30 annual rings) within the Medieval Period. This analysis showed 

that less than half (47.7%) of the short WMDs resulted in accurate calendar ages (compared to 

the dendrochronological dates of the same sample material). Several possible reasons for such 

low success rates were suggested, including high levels of annual 14C variation not captured by 

the decadal or bi-decadal data used in the applied calibration curve (IntCal13) and additional 

sources of variation present in the data, such as geographical offsets, seasonal offsets, or 

laboratory biases (see Bronk Ramsey et al., 2010a; Hogg et al., 2013b; Bayliss et al., 2017; 

Hogg et al., 2017; Hogg et al., 2019a).  

 

Laboratory offsets are commonly reported and can result from issues with dendrochronological 

reliability, the efficiency of pretreatment processes to remove modern or background 

contamination, and the applied measurement method (Hogg et al., 2017). For example, Hogg 

et al. (2013b) examined the possibility of inter-laboratory offsets using twelve contiguous 

decadal kauri samples analysed by five different radiocarbon dating laboratories. This analysis 

reported initial inter-laboratory offsets from weighted mean values of up to 41 14C years. Hogg 

et al. (2013b) determined that these results were likely caused by inconsistencies in the 

pretreatment regimes and measurement processes used by each laboratory. With these results 

in mind, in the pilot study conducted before the research presented here, Hogg et al. (2017) 

also checked for possible laboratory analytic offsets in SHCal13 by measuring duplicate 5-ring 

blocks of kauri (sample SPC002) for the relevant time interval, AD 1650ï1829. Generally, the 

14C data from the known dendro-age kauri closely followed the shape of the SHCal13 
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calibration curve. However, the kauri data were slightly older, with a mean offset to SHCal13 

of 12.7 ± 1.1 14C years, suggesting a possible laboratory analytic offset to SHCal13 may exist.  

 

To investigate this result further, Hogg et al. (2019a) examined the accuracy, precision, and 

reproducibility of the component 14C datasets within SHCal13 and investigated the statistical 

model used to create the SHCal13 calibration curve. In this study, Hogg et al. (2019a) 

constructed a new version of the SHCal13 calibration curve (SHCal13-NEW) using the 

Bayesian spline construction method, including the same five datasets included in SHCal13 for 

the post-Little Ice Age (LIA) interval AD 1500ï1950. The structure of SHCal13-NEW 

predominantly followed the same shape as SHCal13. However, in some periods (e.g., AD 

1760ï1800 and 1900ï1920), it appeared to show higher inter-annual variation, as indicated by 

more highly attenuated peaks and troughs. The affected periods heavily depend upon the 

Quaternary Isotope Lab (QL) datasets, which may create a younger bias to other parts of the 

calibration curve unless compensated for in the modelling. Crucially, in regions where QL data 

overlap with other data, QL was consistently younger, suggesting such a bias may exist.  

 

Despite the improvements made in SHCal20 (compared to previous versions), the possibility 

of laboratory biases affecting specific datasets and periods within the SHCal20 calibration 

curve persists. Therefore, in parallel to this research, Prof Alan Hogg and colleagues have 

continued to test the accuracy and improve the resolution of the Southern Hemisphere 

calibration curve. So far, three time periods have been investigated (AD 1450ï1649, AD 1650ï

1829 and AD 1830ï1855), with interim results suggesting specific datasets within SHCal20 

may be biased towards younger ages (Hogg, 2023 personal communication). However, the 

results of these investigations are not yet published, and more work is required to confirm them. 

Despite these limitations, when applied in the appropriate situation with accurate calibration 

data, WMD has the potential to develop accurate calendar ages for specific events in time at a 

far higher precision than other 14C dating methods.  
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Chapter 4. Site Information 
 

4.1 Site Selection and Review 

Several factors were considered when selecting which pǕ to include in this study. First, a 

geographic spread of sites across the region was prioritised, ensuring pǕ in the regionôs north, 

centre, and south were represented. This criterion aimed to ensure that the regional spatial-

temporal relationships were captured within the sampled post-assemblage. Second, wetland 

sites exhibiting the environmental conditions suitable for wooden artefact preservation were 

targeted ð sites with anaerobic and chemically reduced waterlogged conditions (Wallace, 

1985). Generally, pǕ within this region have not been investigated since they were first 

recorded or excavated in the late 1960s and early 1970s, and the environmental conditions 

surrounding these pǕ have varied over time (i.e., water table rise or fall). Focusing on pǕ that 

have retained their wetland environment, providing the best possible conditions for wood 

preservation, aimed to ensure an adequate sample number for analysis. Finally, pǕ with a 

history of previous archaeological investigation were targeted, prioritising those with recorded 

evidence of preserved in situ palisade defences. As the excavations conducted in this study 

primarily focus on identifying and sampling identified palisade posts, any previous 

archaeological interpretations provide valuable contextual information when developing an 

accurate picture of the site's occupation history. 

 

The selection process began with a detailed review of pǕ within the Middle Waikato Basin. 

Various literature sources were covered, including site record forms from the NZ 

Archaeological Associationôs Site Recording Scheme (Archsite) (see Appendix A), previously 

published archaeological reports, and unpublished excavation notes, surveys and plans. 

Additionally, site visits were conducted to all the pǕ considered in this study, with walkover 

surveys used to assess the likelihood of identifying preserved palisade defences. Following this 

review, six pǕ were selected for investigation (Figure 4.1.1). The selection includes two pǕ 

from Taupiri in the north: Taraheke PǕ (TAR) and Te Uapata PǕ (TEU); three from the southern 

Waipa area:  Lake Mangakaware 1 (MA1), Lake Mangakaware 2 (MA2), and Lake Mangahia 
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(MGA); and one from the outskirts of the Hamilton City area: Lake Rotokauri (ROT). The 

information collated from each of these pǕ is summarised below. 

 

 

Figure 4.1.1. Distribution of the subject pǕ (yellow diamonds) and recorded pǕ (red dots) within the Middle Waikato Basin5.  

 

5 This figure includes data sourced from the LINZ Data Service, licensed for reuse under the CC BY 4.0. 
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4.1.1 Lake Mangakaware 

Lake Mangakaware is located 13 km northwest of Te Awamutu, just south of NgǕhinapǾuri, 

and is one of several small peaty lakes in WaipǕ district. The lake is situated at an elevation of 

38 m above sea level (asl), covering an area of 12.9 ha, is up to ~4.8 m deep, and is classed as 

an old (~20 ka) blocked-valley riverine lake in origin (Lowe & Green, 2024). Two pǕ are 

recorded around the lake (see Appendix A.1 and A.2), referred to previously as MA1 (S15/16) 

and MA2 (S15/18) (see Bellwood, 1969b, 1971a; Peters, 1971; Bellwood, 1972b, 1978a). A 

third pǕ is also recorded east of MA1, referred to as MA3 (S15/361). While previously recorded 

as a stand-alone pǕ (see Appendix A.3), current archaeological investigations suggest this small 

mound is likely an extension of MA1, functioning as an annexe for cooking and processing 

activities (Figure 4.1.2). The outlet stream of Lake Mangakaware once connected the lake to 

the WaipǕ River, providing a valuable transport route throughout the region and to the coast. 

Access to the coast is also possible via the land-based Pirongia mountain crossing (Bellwood, 

1978a, p. 11). The pǕ recorded around Lake Mangakaware are in an ideal defensive position, 

surrounded by a rich supply of native fauna and flora resources, and close to pockets of sandy 

soils ideal for constructing living surfaces and horticultural activities (see Cassels, 1972a).  

 

 

Figure 4.1.2. Location of MA1 (S15/16), MA2 (S15/18) and MA3 (S15/361) at Lake Mangakaware. 
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The Waikato Museum Archaeological Society undertook excavations at Lake Mangakaware 

between August 1968 and December 1970. These excavations focused on MA1 and MA2, with 

several studies published on the results (see Pick, 1968; Bellwood, 1969b, 1971a, 1971b; Peters, 

1971; Bellwood, 1972b, 1978a). The findings from these investigations are summarised below. 

In addition to this published information, three site visits were conducted at Lake Mangakaware 

in June, July, and November of 2019.  Walkover surveys of each pǕ observed that the surface 

of all three sites was covered in vegetation and undergrowth, obscuring the visibility of the 

natural topography. Clear evidence of pugging and stock trampling was observed at MA2, as 

the pǕ is still routinely grazed by stock, whereas MA1 and MA3 are in an area retired from 

grazing. Despite these conditions, the surveys identified several visible palisade rows at MA1 

and MA2. Given the previous archaeological excavations conducted at Lake Mangakaware and 

the identification of preserved palisade defences, these pǕ were considered prime candidates 

for investigation.  

 

4.1.1.1 Lake Mangakaware 1 (MA1) 

The Waikato Museum Archaeological Society conducted excavations at MA1 in 1969. The 

subsurface excavations encompassed four trenches (Northern x 2, Western and Southern) and 

five excavation squares (A1, A2, B1, B2 and B3) (Figure 4.1.3). These excavation areas 

identified evidence of multiple imported sediment layers (constructed living surfaces), the 

remnants of several structures and house floors, and several defensive rows of palisades (Peters, 

1971, p. 128). Several lakebed dive zones were also investigated, recovering a sizeable wooden 

artefact assemblage.  
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Figure 4.1.3. Digitised site plan of the 1969 excavations at MA16,7.  

 

Excavation in the Northern trenches identified two distinct ópathwaysô leading from the lake 

edge, through the palisade defences, to the centre of the pǕ. These ópathwaysô are described as 

linear depressions and give the appearance of constant foot traffic (Peters, 1971, p. 131). A 

 

6 This plan drawing was digitised from the original site plan drawings with permission from Prof Peter Bellwood.   
7 Note. The locations of the Northern and Southern trenches are highlighted, as their positions are relevant to 

current excavations. 
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prominent oven feature containing freshwater mussel periostracum (Echyridella menziesii) was 

identified underneath one of these pathways, suggesting this area was previously used for 

cooking and processing activities. Excavation of the western trench exposed a continuous 

build-up of packed óclayô floors (imported sediment), stratified with old, strongly weathered 

(clayey) ash and black peaty soil. These sediment layers abutted a line of vertical stakes and 

horizontally laid timber, hypothesised to be part of a retaining wall or a structure built at the 

toe of the raised mound (Peters, 1971, p. 130). Several large cobbles (presumably sourced from 

Mount Pirongia) were identified along the lake edge. Peters (1971, p.130) proposed that these 

cobbles protected the pǕ against rising water levels. Four palisade rows were also identified in 

this area, with a smaller fifth row of stakes positioned on the toe of the raised mound. Of these 

posts, four large rectangular posts (cross-section shape) identified on the southwestern side of 

the Western trench were suggested to represent an independent structure, potentially a 

storehouse (Peters, 1971, p. 130). Excavation in the Southern trench revealed evidence of up 

to six rows of palisades, with over 60 posts identified in this area (Figure 4.1.4). The level of 

fortification identified in the southern trench is striking, situated on the landward side of the pǕ 

and greeting individuals or groups approaching from the south. The extensive palisading 

present in this area could be interpreted as intentional, providing a visual representation of the 

defensive strength of the pǕ. 

 

The central excavation squares (Al, A2, Bl, B2, and B3) uncovered evidence of three house 

floors with associated postholes, plank slots, and remnants of semi-decomposed posts. The 

house floor outlines were orientated in a southwest-northeast direction, with the floors in B2 

and A2 superimposed on each other. The house floors comprised a óyellow sandy clayô 

interspersed with black soil mixed with charcoal concentrations, stones, and shells (Peters, 

1971, p. 134). These inclusions are proposed to result from intensive living activities, 

representing cooking and heating hearths. Whether these deposits were redistributed 

throughout the site for rebuilding purposes could not be determined at the time. Finally, Peters 

(1971) suggested that further house floors likely existed in this area; however, the limited scope 

of the 1969 excavation prevented them from investigating this further.  

 



72 | P a g e 

 

 

Figure 4.1.4. 1969 excavation photograph of the southern trench at MA1 (Bellwood, 1969a). 

 

In summary, Bellwood (1978a, p. 11) describes MA1 as a heavily defended and stratified pǕ. 

Six hundred and fifty palisade posts were recorded, with one post on the northern side of the 

pǕ described as still standing three metres tall (Bellwood, 1978a, p. 13). Additionally, up to six 

rows of palisades were identified on the southern side of the pǕ, with the inner rows consisting 

of large posts, while the outer rows were composed of 'lesser' timbers. In addition to the 

palisade defences, excavations recorded imported soil deposits up to two metres deep, with 

foundational timbers identified in the wettest areas of the pǕ (Bellwood, 1978a, p. 13). 

Structures identified at MA1 include several phases of house floor construction, possible raised 

storehouses and canoe landing stages. From these results, Bellwood interprets a long 

occupation history for MA1, with multiple superimposed living surfaces, cooking features, and 

activity areas. The 1969 excavation areas are still identifiable on the ground surface, and oven 

stones, cobbles, and charcoal-enriched soils are still readily identifiable on the northern side of 

the pǕ. 
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4.1.1.2 Lake Mangakaware 2 (MA2) 

The Waikato Museum Archaeological Society also conducted excavations at MA2 in 1968 

(Pick, 1968) (Figure 4.1.5). Investigations focused on areas where clay/sand lensing was 

present, and it was estimated that as much as 20% of the pǕ was excavated (Bellwood, 1978a, 

p. 14). Bellwood (1978a, p. 16) considered the palisade defences of MA2 as far less complex 

than MA1, with a total of 110 posts recorded. The palisade rows identified on the southern side 

of the pǕ are described as a ñheavy inner row and a lighter outer row, separated by eight metres 

of open spaceò. During the excavations, six posts were extracted using hydraulic equipment 

(Pick, 1968, p. 31). These posts were said to be embedded three metres in the ground and were 

hypothesised to be at least four metres tall above the ground surface during the site's occupation. 

 

 

Figure 4.1.5. Digitised plan drawing of the 1969 excavations at MA28,9.   

 

 

8 Note. Locations of excavation areas A, C and E are highlighted in red, as their positions are relevant to current 

excavations 
9 This plan drawing was digitised from the original plan drawings with permission from Prof Peter Bellwood. 
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Bellwood (1978a, p. 16) used the characteristics of the extracted posts to develop a 

classification scheme describing variation in their form and construction. The classification 

scheme includes three typologies (Table 4.1.1). Bellwood (1978a, p. 18) suggests that  Type A 

posts were only used to construct the inner landward side palisade rows, while Type B and C 

posts were used for general palisades and house structures. Additionally, Pick (1968, p. 2) notes 

that several posts featured tapered ends that were ófire hardenedô, hypothesised to help drive 

the posts down into the soft peaty soil.  

 

Table 4.1.1. Bellwoodôs (1978a, p. 16) palisade classification scheme. 

Classification Description 

Type A Large split or unsplit tree trunks with shaped lower ends facilitate the driving of 
posts into the ground. 

Type B 
Adze dressed timbers of square or rectangular cross-sections with tapered 
bases. 

Type C Undressed timbers with tapered bases. 

 

The central area of MA2 is recorded as being built up with multiple sand lenses, interpreted as 

the ómaraeô of the pǕ. This area (represented by Trenches FïP and SïV) covered approximately 

750 m2. Apart from evidence of possible raised storehouses and cooking features around its 

edges, this area was free of formal structures. The perceived distribution of archaeological 

features suggests that this area was the focus of outdoor activities at the site (Bellwood, 1972b, 

p. 28). The structures recorded at MA2 are grouped in a semicircle around the lake edge, 

located inside the palisade defences. The floors of these structures are constructed using 

imported sediment and/or sand, which were built up over time as they were maintained and re-

laid as needed. Several floors contained successive (superimposed) sand layers and living 

debris of up to 80 cm (Bellwood, 1972b, p. 29).  

 

Trench C was positioned on the southern side of the pǕ, identifying what Bellwood (1978a, p. 

17) describes as a óngutuô entrance. Within this entranceway, eleven artefacts were identified, 

including five fragments of war clubs (Ǿnewa), two bird spear fragments, two adzes, eight 

fragments of human femur (smashed, burnt and covered in red ochre) and a large chunk of red 

ochre next to the bones (Bellwood, 1978a, p. 19). In addition to these artefacts, a small 
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breastbone pendant was found outside the palisade defence. Bellwood (1978a, p. 19) concluded 

that these artefacts represent the remains of a óbattleô within the entranceway.  

 

Trench E was positioned on the eastern edge of the pǕ and provides detailed evidence of the 

stratigraphic layering, structural complexity, and site economy for MA2 (Bellwood, 1978a, pp. 

25ï31). Fourteen primary sand lenses, varying in size and shape, were identified in this area. 

Some form overlapping series, whereas others are not superimposed at all. Therefore, it was 

not easy to ascertain how many structures were used at once. The occupation history of MA2 

is extensively commented on by Bellwood (1978a, p. 31), interpreted as evidence of four 

phases of occupation in Trench E. Year-round occupation of the site was hypothesised, 

highlighting three houses built with solid walls and hearths (presumably for heating). The 

óbeddingô from House 1 in Trench E appears to have been laid in autumn, supported by the 

observation of enclosed kahikatea seeds. Belwood (1978a, pp. 70ï71) obtained six 14C dates 

to anchor the chronology of MA2 (Table 4.1.2), providing evidence supporting an occupation 

history between AD 1450ï1750. However, Bellwood (1978a, p. 71) notes that this occupation 

sequence seems long, given the lack of stratigraphic depth. 

 

Table 4.1.2. Radiocarbon samples from the 1968 excavations at MA2 (see Bellwood, 1978a)10.  

Lab ID Material  Provenance CRA d13C ό҉ύ 

NZ1120 Charcoal (unidentified) Hearth: Trench A 2760 ± 78 -25.7 

NZ1121 Wood (tree fern) Floor of central shelter: Trench E  428 ± 84 -25.0 
NZ1125 Wood  (tree fern) Post from house 1: Trench E 286 ± 83 -25.0 
NZ1677 Charcoal (unidentified) Post of shelter: Tench T 1191 ± 60 -23.3 
NZ1678 Wood (tree fern) Post from house 1: Trench E 221 ± 46 -30.3 
NZ1679 Wood (unidentified) Occupation level below House 2  382 ± 57 -23.4 

 

When critically evaluating the 14C samples recovered from MA2, it is clear there are some 

substantial issues within the assemblage. Foremost is the issue of in-built age. Both unidentified 

charcoal samples (NZ1120 and NZ1677) are too old to represent the occupation of MA2. 

Bellwood (1978a, p. 70) previously interpreted these samples as evidence for the use of old 

ódried outô swamp timber. The remaining 14C samples are from wooden material, described by 

 

10 Data is sourced from Petchey et al. (2022). 
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Bellwood (1978a, p. 71) as ópresumably made from freshly cut young timberô. However, the 

basis of this statement is not reported. Three of these samples are described as ótree fern.ô There 

are two main groups of tree ferns in New Zealand: Cyathea and Dicksonia, the most common 

of which are Cyathea dealbata (silver fern), C. medullaris (mamaku), C. smithii (katote), and 

Dicksonia squarrosa (wheki) (see Dawson & Lucas, 2016). Tree ferns do not form trunks in 

the same way that conifers or flowering trees do (see Dawson & Lucas, 2016, pp. 52ï53), 

which add a new layer of wood each year from a layer of cells (cambium) between the wood 

and bark. Tree ferns do not have a cambium layer. Instead, their trunk comprises an outer region 

(the cortex), including bundles of xylem and phloem that transport water and nutrients. 

Surrounding these bundles are more rigid tissues (sclerenchyma) that support the trunk. 

Therefore, unlike conifers, the outer region of the tree fernôs trunk does not represent the newest 

(youngest) region of cellular growth. Instead, the trunk represents the combined age of the tree 

fern, which inherently makes it susceptible to in-built age and an unsuitable species for 

radiocarbon dating.  

 

While all four of these samples come from relevant archaeological contexts (when ignoring 

their sample type), they also suffer from the precision issues previously discussed in Section 

2.2.4. This is especially relevant given Bellwoodôs interpretation of phasing from the structural 

layout of Trench E, which cannot be established by the available 14C data, even with modern 

applications of OxCal Bayesian modelling (see Appendix C.1). In conclusion, the 1968 

excavations at MA2 were extensive, with a large proportion of the site excavated. Of relevance 

to the current study are the defences identified in Trench C and the occupation areas and 

palisade defences in Trench E. These two areas of the pǕ are well preserved to the present day 

and present the opportunity to link current-day excavations with the historical 1968 excavations. 

 

4.1.2 Lake Mangahia (MGA) 

Lake Mangahia is located approximately 3 km northeast of NgǕhinapǾuri. The lake is classed 

as an old (~20 ka) blocked-valley riverine-phytogenic lake (a true ópeat lakeô), covering 8.4 ha 

at 39 m asl with a maximum depth of 1.8 m (Lowe & Green, 2024). The pǕ (S15/14) was first 

recorded by Doug Pick in November 1964, who described it as an artificially raised mound on 

the lakeôs southern shore (Figure 4.1.6). A unique feature of the pǕ is the distinct causeway 
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(raised pathway), extending from the raised mound to the dry land to the south. As this 

causeway is visible in the 1943 aerial photographs, it appears to be related to the pre-European 

occupation of the site. However, it is also clear that the causeway has been widened to 

accommodate vehicle access. This pǕ is relatively isolated from other recorded archaeological 

sites in the surrounding area. However, three sites are recorded within a 4 km radius of Lake 

Mangahia, including a previously unrecorded soil quarry on the hill slope approximately 250 

m to the south of the pǕ, a cluster of borrow pits (S15/733) on the southern side of the Mangahia 

Stream (which drains the lake), and a pǕ 3.5 km to the south (S15/90).  

 

 

Figure 4.1.6. Location of the pǕ at Lake Mangahia11. 

 

The site record form provides limited information about the pǕ (see Appendix A.4), describing 

it as covering an area of approximately 1000 m2, with the mound sitting about 2 m above the 

1978 water level (Figure 4.1.7). In the late 1960s (dates not specified), Waikato Museum 

Archaeological Society members recorded palisades along the lake edge and landward sides of 

 

11 This figure includes data sourced from the LINZ Data Service and is licensed for reuse under the CC BY 4.0. 
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the pǕ, with the defences described as very heavy fortifications. Twenty palisade posts were 

said to be standing to a height of 3 m, with many more decayed to water level but preserved 

below the ground surface. Midden deposits of shell, ash, charcoal and oven stones were also 

observed at depths of 30ï60 cm. Later (date not specified), Duffy Roach and Mr Lovell 

excavated three posts, described as 6ï12 ft long, showing similar shape and taper 

characteristics to those described by Bellwood (1978a, p. 16) from Lake Mangakaware.  

 

 

Figure 4.1.7. Digitised sketch drawing of the pǕ at Lake Mangahia12. 

 

A site visit to MGA was conducted on the 13th of July 2020. The pǕ was observed to be well-

preserved, covered in long grass with occasional shrubby vegetation (mostly mǕnuka). A 

walkover survey identified a central platform with multiple peripheral terraces. Forty-two posts 

were identified, primarily located on the northern (lakeside) and southern (landside) borders of 

the pǕ. Several identified posts stood approximately 1 m tall (Figure 4.1.8), and one sizeable 

 

12 This sketch map was drawing by Mr Owen Wilkes and was source from the site record form (see Appendix 

A.4). 
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spilt post had a rectangular cross-section over 50 cm wide (Figure 4.1.9). The palisade defences 

identified at Lake Mangahia are exceptionally well preserved compared to the other pǕ 

investigated in this study. Because of these characteristics, the pǕ at Lake Mangahia was 

considered a prime excavation candidate.  

 

 

Figure 4.1.8. Zac McIvor (left) and Rowan McBride (right) inspect a row of palisades at Lake Mangahia13.  

 

 

13 This photograph was taken by Alan Hogg and is used with permission. 
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Figure 4.1.9. A large split palisade post standing >1 m tall and > 0.5 m wide at Lake Mangahia14.  

 

4.1.3 Taraheke PǕ (TAR) 

Taraheke PǕ (S14/22) is one of six prominent pǕ located in Taupiri, close to the intersection of 

the Mangawara Stream and Waikato River (Figure 4.1.10). Taupiri was a significant region 

within the cultural landscape of the Waikato, with the number of pǕ in the area standing as a 

testament to its importance. The populations inhabiting this region likely controlled the 

movement of people and resources up and down the river. Additionally, the natural resources 

in the Taupiri area are plentiful, including high-quality horticultural soils and native flora and 

fauna within the river, streams and wetlands. Large areas of horticultural soils are recorded in 

the area, recognised by the distinctive borrow pits and anthropic soils that were converted into 

gardens by MǕori (Gainsford & Gumbley, 2020; Gumbley, 2021). No previous archaeological 

excavation has been conducted at Taraheke PǕ (see Appendix A.5). However, Sian Keith 

Archaeology has undertaken mitigation investigations of kȊmara storage pits on the western 

bank of the Mangawara stream, approximately 70 m from the pǕ (S14/489) (Keith, 2019). 

 

14 This photograph was taken by Alan Hogg and is used with permission. 
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Figure 4.1.10. The six prominent pǕ located around the Taupiri river junction15. 

 

Taraheke PǕ is located 800 m up the Whangamaire tributary, which flows into the Mangawara 

stream close to the junction with the Waikato River. The pǕ is situated on a headland that 

projects into the stream, with large banks up to 4 m above the waterway. The pǕ covers an area 

of 5000 m2, defined by a large defensive ditch protecting the pǕ from land-based assault (Figure 

4.1.11). A distinct linear ditch that bisects the length of the pǕ is visible on the ground and in 

lidar-derived imagery, extending across the defensive ditch to a point approximately 30 m 

south. Lidar imagery also shows a less well-defined transverse ditch approximately 30 m north 

of the main defensive ditch. This transverse ditch appears to be the remains of some form of 

internal division of the pǕ, perhaps representing an early phase of its defences. 

 

 

15 This figure includes data sourced from the LINZ Data Service and is licensed for reuse under the CC BY 4.0  
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Figure 4.1.11. Defensive ditches and linear ditch at Taraheke PǕ16.  

 

Two site visits were conducted to Taraheke PǕ in January and February 2020. The walkover 

survey identified a swampy margin surrounding the base of the headland, exhibiting the 

environmental conditions required to preserve wooden archaeological material (Figure 4.1.12). 

While no palisades were immediately visible in this environment, it was determined that they 

would likely be located within this wetland margin if they were retained in situ. Several test 

pits were dug within this environment to test this hypothesis, assess the soil profile, and identify 

potential excavation areas. Test pitting determined that the soil profile of this environment 

comprised two distinct silt layers. The upper silt layer (~20ï40 cm) is formed from material 

eroding down the side of the headland (slope wash) and was devoid of cultural deposits. The 

lower silt layer (~40 cm thick) was water-logged and rich with organic material (natural and 

cultural), including wood, charcoal and freshwater mussel periostracum (E. menziesii). Finally, 

underlying this organic material was a layer of pale grey alluvial sand (Hinuera Formation: see 

Lowe and Green, 2024), which probably constitutes the original streambed. This soil profile 

 

16 This figure includes data sourced from the LINZ Data Service and is licensed for reuse under the CC BY 4.0. 
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suggests that if palisade defences were retained in this environment, the posts would most likely 

be encountered within the lower organic silt layer and its interface with the natural sandy 

deposit below. Given these observations and the environmental conditions surrounding the pǕ, 

it was determined that exploratory excavations within this zone could possibly identify palisade 

remains. Therefore, Taraheke PǕ was selected for inclusion in this study.   

 

 

Figure 4.1.12. The swampy margin around Taraheke PǕ. 

 

4.1.4 Te Uapata PǕ (TEU) 

Te Uapata PǕ (S14/20) is another of the six prominent pǕ concentrated around the junction of 

the Mangawara Stream and the Waikato River in Taupiri (Figure 4.1.10). Whilst most of the 

pǕ in Taupiri are located beside the main waterways, Te Uapata PǕ is situated on the edge of a 

lagoon close to the mouth of the Whangamaire Stream. The pǕ sits on a promontory that divides 

the major and minor channels, rising 2 m above the level of the adjacent streams. Te Uapata 

PǕ was first recorded in February 1977 by S. Edson of the Waikato Art Museum. The original 

site record form contains minimal information about the pǕ, including the location of the site 

and a brief description (see Appendix A.6). In January 1996, Owen Wilkes updated the site 

record following a site visit. The pǕ is described as small by Wilkes as covering less than 2500 

m2, defined by a large defensive ditch and the stream edge. A second transverse ditch stretches 

across the headlandôs tip, enclosing the highest area of the pǕ (Figure 4.1.13).   
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Figure 4.1.13. A site plan of Te Uapata PǕ17. 

 

Traditional MǕori history associates Te Uapata PǕ with the well-documented ancestor Mahuta, 

who established the pǕ following his migration inland from Kawhia (Jones & Biggs, 1995; 

Phillips, 1995). This association suggests that Te Uapata is an early pǕ connected with the 

Tainui migration inland. Mahutaôs grandsons, Wharetipeti and Tapaue, are said to have 

occupied Te Uapata for a time until they left to try and claim the better gardening land available 

on the western bank of the Waikato River, opposite Mount Taupiri at Kaitotehe. Jones and 

Biggs (1995) describe the soils around Te Uapata as swampy, which may have led to 

Wharetipeti and Tapaueôs desire for good (non-peaty) soils to grow their horticultural crops. 

Using a ruse, where they offered to assist Te Iranui and his people with planting kȊmara, 

Wharetipeti and Tapuae overpowered Te Iranui and captured his tribesô lands on the west bank 

of the Waikato River. Wharetipeti and Tapaue then remained at Kaitotehe, which became their 

stronghold (Jones & Biggs, 1995, pp. 280ï286; Phillips, 1995, p. 114; Kelly, 2002). Ultimately, 

 

17 This figure includes data sourced from the LINZ Data Service and is licensed for reuse under the CC BY 4.0. 
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both brothers were killed by Te Ruinga (Rangihotoôs son) and his friend Maoa as a result of 

their deeds, with Jones and Biggs (1995, p. 280) dating these events to around AD 1700. 

 

Archaeological investigations at Te Uapata PǕ were undertaken by Gainsford and Gumbley 

(2020) in 2019, recording archaeological deposits directly affected by the installation of 

cultural symbolism at the site. Investigations near the headlandôs tip identified twenty-three 

archaeological features and evidence of an introduced sediment deposit. Archaeological 

features included three fireplaces (F1ï3), one linear feature containing charcoal and órakeoutô 

(F4) and a series of 18 postholes (F5ï23). Bulk samples were taken from four features during 

the investigation (F1ï4), with substantial amounts of freshwater mussel periostracum (E. 

menziesii) identified in the fill of F2. Ground-penetrating radar was used to survey the pǕ, 

identifying several potential storage pits adjacent to the surface depressions east of the platform. 

The results of the ground-penetrating radar survey also identified another possible defensive 

ditch, approximately 15 m southeast of the main defensive ditch. Eight charcoal 14C samples 

were acquired from the bulk samples recovered from F1ï4 (paired samples from each feature), 

comprising short-lived material (twigs) of manuka (Leptospermum scoparium) and akeake 

(Dodonaea viscosa) (Table 4.1.3). 

 

Table 4.1.3. 14C samples collected from TEU by Gainsford and Gumbley (2020). 

Lab ID CRA Provenance Sample type 

Wk46316 189 ± 16 Fireplace (F1) aņƴǳƪŀ όLeptospermum scoparium) 

Wk46880 203 ± 18 Fireplace (F1) aņƴǳƪŀ όLeptospermum scoparium) 
Wk46315 200 ± 16 Fireplace (F2) aņƴǳƪŀ όLeptospermum scoparium) 
Wk46881* 433 ± 18 Fireplace (F2) aņƴǳƪŀ όLeptospermum scoparium) 
Wk46314 153 ± 17 Fireplace (F3) aņƴǳƪŀ όLeptospermum scoparium) 
Wk46882 224 ± 17 Fireplace (F3) aņƴǳƪŀ όLeptospermum scoparium) 

Wk46313 224 ± 16 Linear feature (F4) Akeake (Dodonaea viscosa) 
Wk46883 265 ± 17 Linear feature (F4) Akeake (Dodonaea viscosa) 
Note. Wk46881 is an outlier, possibly due to in-built age and óoldô wood use.  

 

These 14C dates were recalibrated using OxCal v4.4, implemented using SHCal20 atmospheric 

calibration data, with the internal consistency of the model tested using the General t-type 

outlier model (General, T(5), U(0,4), t) (see Appendix C.2). The results of this analysis were 

generally consistent, producing date ranges between AD 1650ï1850 (95% HPD) (see also 

Gainsford & Gumbley, 2020, pp. 36ï37). Two outliers were detected during the analysis: 
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Wk46314 and Wk46881. As the 14C samples were collected as pairs from each feature, these 

results could reflect a problem with the analyses or in-built age. Unfortunately, the calendar 

position of the remaining 14C dates coincides with the calibration plateau in the late eighteenth 

century, affecting the precision of the results. This lack of precision limits their use in the 

current study and provides only a broad indication of the siteôs occupation history.  

 

Lastly, a site visit was conducted to Te Uapata PǕ in February 2020. The initial walkover survey 

focused on the swampy margins at the base of the promontory, where the headland interacts 

with the lagoon and the adjacent streams. This environment was deemed the most likely to 

retain evidence of palisade defences. However, dense head-high vegetation significantly affects 

visibility in these areas. Despite this lack of visibility, several posts were identified along the 

toe of the eastern bank of the pǕ, recorded with a Leica RTK GPS unit so they could be located 

at a later excavation date (Figure 4.1.14). In addition to the preserved palisade row identified 

on the eastern bank of the pǕ, significant effort was made to locate posts on the western banks 

of the pǕ. However, these efforts were unsuccessful, likely due to the fluctuating water table of 

the western stream, with water levels significantly lower than those found on the eastern banks. 

Given the traditional history recorded for the pǕ and preserved palisade defences, Te Uapata 

was considered a prime candidate for inclusion in the current study.  

 

 

Figure 4.1.14. Zac McIvor recording the location of a palisade post at Te Uapata PǕ.  
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4.1.5 Lake Rotokauri (ROT) 

Lake Rotokauri is located approximately 7 km to the northwest of Hamilton City. The lake is 

classified as an old (~20 ka) blocked-valley riverine lake that lies at 46 m asl and covers an 

area of approximately 42 ha, with a maximum depth of 4 m (Lowe and Green, 2024). Lake 

Rotokauri drains into the WaipǕ River via the Ohote Stream, providing a useful transport route 

through the region and out to the coast. The pǕ (S14/5) is close to a swampy peninsula on the 

northeastern corner of Lake Rotokauri (Figure 4.1.15). Similar to the pǕ at Lake Mangakaware 

and Lake Mangahia, the pǕ at Lake Rotokauri is situated in an ideal defensive position, 

surrounded by a rich supply of native fauna and flora resources, and close to pockets of tephric 

and sandy soils ideal for constructing living surfaces and horticulture. 

 

 

Figure 4.1.15. Location of the pǕ (ROT) on the shore of  Lake Rotokauri18. 

 

 

18 This figure includes data sourced from the LINZ Data Service and is licensed for reuse under the CC BY 4.0. 
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A large hilltop pǕ, Te Uhi (S14/486), is recorded less than 250 m from the pǕ on the shore of 

Lake Rotokauri. Information contained within the site record form suggests Te Uhi PǕ is 

associated with NgǕti NgǕrape and NgǕti Hourua (Appendix A.7), and that the pǕ was occupied 

up until the early 1800s when NgǕti NgǕrape left to join their relatives at Takapaunui, Raglan. 

Additionally, three further pǕ are recorded 2-3 km to the west and south (S14/8, S14/50 and 

S14/69). Despite traditional history recording the occupation of Te Uhi PǕ, limited information 

is available about the pǕ on the lakeôs edge. Notes in the site record form by Owen Wilkes 

suggest that the Waikato Museum Archaeological Society conducted archaeological 

excavations at the site between 1973-74. Some limited records of these excavations are held 

at the Waikato Museum, including field notes and plan drawings from two field seasons (Figure 

4.1.16). Doug Pick (1968) wrote a brief paper about these excavations, indicating that a site 

survey and some limited sub-surface testing were undertaken. However, a complete account of 

these excavations has never been published.  

 

 

Figure 4.1.16. Site plan of excavations undertaken by the Waikato Museum Archaeological Society at Lake Rotokauri19. 

 

19 This is a digitised copy of the original (unpublished) site plan sourced from the Waikato Museum. 
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The unpublished field notes from these excavations describe the pǕ as approximately 1/6th of 

an acre (~675 m2), covered in charcoal-bearing soil deposits, and surrounded by roughly 80 

posts and 80 stakes. The raised mound was approximately 4 ft (~1.2 m) above the water level. 

Many artefacts and samples were recovered during these excavations (housed in the stores of 

the Waikato Museum), including stone adzes, pounders, obsidian, pumice, and wooden 

implements. Although no 14C dates were obtained from these excavations, the artefacts suggest 

an occupation in the pre-European period. The site record form contains an additional note 

from Doug Pick regarding the site and its history (see Appendix A.7):  

 

ñWhen I first saw the site, it was covered with blackberry and willow. There was an 

outer row of palisade butts across the neck and some on the lakeside. Many stakes stood in the 

water, out about 10 to 20 yards, suggesting an eel weir or canoe harbour. The most important 

features were the totara stakes and posts that stood at all angles within the perimeter. Few were 

upright, but most were at angles suggesting braces or stays. Their layout had no apparent order; 

most were 3' to 5' (90ï150 cm) above the soggy ground and all of totara. The whole 

arrangement suggested to me a platform pǕ. In 1996, I took Janet Davidson to see the site, but 

some vandals (had] cut down every palisade. There were two small canoes; Lyn Peart removed 

one, and the other was partly buried by persons unknownò. 

 

Based on this information, a site visit was conducted to the pǕ in November 2021. 

Unfortunately, this area of the lake was densely covered in thick vegetation, completely 

obscuring the location and topography of the site. Despite this, the pǕ mound was located. 

However, a large proportion of the site was submerged by the lake, indicating that the water 

level was considerably higher than in the past. Despite reports that every post was cut down, 

the site visit identified four in situ posts on the northeastern boundary of the pǕ. Two posts 

stood approximately 1 m tall, while the last was only preserved just above the ground surface. 

Although the pǕ at Lake Rotokauri was not immediately considered an ideal candidate for 

investigation (due to the complicated history described above), the central location of the pǕ 

within the subject area and the observation of in situ palisade posts proved sufficient for 

inclusion in the project.  
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Chapter 5. Methods 
 

5.1 Archaeological Excavation  

The primary aim of the excavations conducted in this study was to identify, record and sample 

the extent of the surviving palisade defences at each of the six pǕ investigated. For this reason, 

excavations were targeted to specific locations of interest around each pǕ and did not explicitly 

seek to identify archaeological deposits relating to the site's occupation. All excavation areas 

were excavated by hand, except at Taraheke PǕ, where a small digger was employed to remove 

the substantial overburden of post-depositional slope wash (see Section 9.1). Multi-context 

recording was used to document the information gathered from these excavations, with unique 

identifiers generated for all excavation areas (EA#), palisade posts (P#), artefacts (A#) and 

archaeological contexts such as sediment layers (C#). All archaeological deposits were 

recorded in situ using a Leica RTK GPS and photography. Finally, spatial analysis was 

undertaken using QGIS Geographic Information System Spatial Analysis Software v3.20.2.  

 

5.1.1 Post Extraction and Sampling 

Once the extent of the surviving palisade defences had been determined at a site, the posts in 

each identified palisade row were assessed to determine their suitability for extraction (removal 

from the ground) and sampling (for analytical purposes). This assessment was conducted via 

the observation of three specific post characteristics, scrutinised via small squares excavated 

around the base of each likely post (Figure 5.1.1 (A)): 

1. The terminal tree ring (last annual growth period) had to be retained on the post, as 

evidenced by bark retention on the outer surface or observation of the waney surface 

(outer surface of a tree under the bark). Retention of the terminal tree ring is essential 

for the applied dating method, as it directly relates to the year the tree was felled, 

providing a TPQ for when the post was installed in a palisade row.  

2. Ideally, a sampled post exhibited a diameter of >9 cm. This size requirement ensured a 

sufficient calendar spread of 14C dates across the calibration curve during WMD 

(ideally >40 tree rings).  
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3. Selected posts had to be well preserved and in good condition, excluding posts 

displaying evidence of substantial decay, burning, scarring or buttressing. This 

requirement aimed to ensure that most of the posts sampled for analysis would survive 

and progress through the applied analytical stages.   

 

Ultimately, this criterion aimed to ensure robust sampling procedures for analysis. However, 

where sufficient posts with these characteristics were limited at a site, this criterion was 

expanded to include posts with minor limiting characteristics (i.e., smaller diameter posts or 

posts exhibiting partial charring or damage that did not affect the entire growth sequence). 

Expanding the sampling criteria in this way prioritised a sufficient assemblage size over 

considerations of an individual postôs characteristics, intending to ensure posts from all 

identified contexts (rows and areas) were represented, even when specific samples were 

dropped from the assemblage during the various stages of analysis.  

 

Post extraction was achieved using a galvanised metal tripod with a block and tackle pulley 

mechanism. A soft nylon strap was wrapped around each exposed post (placed as far down the 

post as possible) before being gently levered out of the ground (Figure 5.1.1 (B)). This 

extraction method was applied in most cases. However, several of the largest (diameter and 

length) posts identified at MA1 were deemed too large to be extracted safely (see Section 6.1.1), 

as the force required to extract these posts exceeded the safety limits of the block and tackle. 

In these cases, the post was raised to an appropriate height (with the distal end remaining in the 

ground), and a sample section was cut from the base of the post. Once extracted, posts were 

cleaned with water before being recorded and photographed. 
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(A) (B) 

Figure 5.1.1. (A) An example of a small square excavated around a palisade post. (B) Alan Hogg (left), Rowan McBride 
(centre), and Warren Gumbley (right) after extracting a post at MA220.  

 

5.1.2 Recorded Information 

Several characteristics of each extracted post were recorded, including maximum length, 

maximum diameter, height above ground surface, depth below ground surface, cross-sectional 

shape, taper type, and general comments. All size dimensions were recorded to the nearest cm 

(Figure 5.1.2). The maximum length was measured from the distal to proximal ends of the post. 

Maximum diameter was recorded using a diameter tape (specifically designed to record the 

diameter of trees), with the diameter recorded from the thickest part of the extracted post. 

Height above ground surface was measured in situ from the ground surface to the proximal end. 

Depth below ground surface was measured from the point at which the post entered the ground 

to the distal end. The cross-sectional shape was recorded as oval, round, square, rectangular, 

 

20 This photograph was taken by Zac McIvor and is used with permission. 



93 | P a g e 

 

or irregular. General comments noted all other characteristics such as preservation quality, 

scaring, charring, buttressing, removed branches, and overall shape (i.e., straight or ókinkedô).   

 

Figure 5.1.2. Size dimensions recorded for each palisade post. 

 

Table 5.1.1. Applied taper classification scheme. 

Taper Type Description 

Long A taper that is adze-dressed on one or more sides, with the adzed surface extending 
more than 30 cm. 

Short A taper that is adze-dressed on two or more sides and is short in length (<30 cm in 
length). In most cases, this taper type appears to have been formed as the tree was 
felled. 

Bulbed A taper that is adze-dressed on all sides, exhibiting a distinctive bulbed end. This taper 
type appears to be an effort to make the post more challenging to pull out of the 
ground. Notably, this taper type is only found on large-diameter posts. 

Notched A taper that is adze-dressed on all sides with a square or rectangular cross-section 
and a distinctive notch cut into the side. Again, this taper appears to be an effort to 
make the post more challenging to pull out of the ground, and it is only found on 
large-diameter posts. 

Irregular Any taper which does not conform to the above categories. Generally, the irregular 
taper classification consists of crude examples that could result from the tree 
snapping as it was felled.  

 

 

Specific consideration was given to the tapers of the extracted posts. As previously discussed, 

Bellwood (1978a, pp. 16ï18) defined three post typologies following excavations at MA1 in 

the 1960s. Following the sampling strategy outlined above, all extracted posts could be 

classified as either Type A or C (as adze-dressed timbers were specifically not selected). 

However, after the extraction of several posts, it was clear that Bellwoodôs typologies did not 

adequately capture the variety of tapered ends encountered. Therefore, a new taper 

classification system was developed to record the specific form variations encountered (Table 

5.1.1 and Figure 5.1.3).  
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(A) 

 

(B) 

 

(C) 
(D) 

 

(E) 

Figure 5.1.3. Examples of each of the five taper types identified during excavation: (A) long taper, (B) Short taper, (C) Bulb 
taper, (D) Notched taper and (E) Irregular Taper.  

 

5.1.3 Post Sectioning  

Once a post was selected for sampling, a 25 cm section was cut just above the taper (or at the 

lowest point of the exposed posts that were not fully extracted). Each annual tree ring grows 

upwards and outwards from the base of the tree. Cutting the section as close to the taper as 
























































































































































































































































































































































































































































































































































