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Chapter lintroduction

1.1 Research Overview

The construction of pU (fortifi eswnifipantahdte s) i n
inpreEur opean MUor i settl ement patterns, provi
of cultural change i n the ar c hahendolymesiatha | rec
is unique tdNew Zealand, characterised by the presence of defensive features (terraces, ditches,
banks, palisades, etc.) thahply a primary function of the site typeéArchaeological
excavations have shown that the form of these defences can rasgderanccomplexity.
Additionally, the types of habitatiomnd communal activities (religious, economic and
domestic) associated with these sites are similarly diy&sey, 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., 200@yefore, while defence is
considered a primary function ofistsite classificationp Wvere also multifunctional spaces
constructedin response tomotivations that inevitably varied and changed over time
(Mihaljevic, 1973; Daugherty, 1979; Davidson, 1984; Marshall, 1987; Phillips, 1995; Barber,
1996)

Previous research indicates pU were fiirst co
1650)(Schmidt, 1996; Anderson, 201®)200year episode of proposed environmental change

and cultural developmeirisee 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., .ZD@i8)initial

period of fortification is thought to reflect a responsé¢hie changing landscape, as regienal

specific climatadeclinesandassociatedhanges in resource availability resulted in population
migration into regions exhibiting conditions favourable for horticultural production, leading to
thisperi od of <cultur al change. As a part of th
establishcentral placesvithin these contested landscapes while also exhibiting a physical
representation of community ident{{@roube, 1964, 1965, 1970; Mihaljevic, 1973; Fox, 1976;
Daugherty, 1979Allen, 1994;Sutton et al., 2003Anderson, 2014; Allen, 2016; Anderson,

2016; McCoy & Ladefoged, 2019; Irwin, 2020)
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1150 300Rkm

Figure1.11. The di st yeliowdoats)in®ew Zeafaddp U (

However, over diobexsenstrugetthroughout NewZealand, with these sites
subject toperiodicabandonment, reoccupation and redevelopment in response to a range of
theorised variable@rwin, 1985; Davidson, 1987; Marshall, 1987; Allen, 1994; Barber, 1996;

'This figure contains data sourced from the New Zeal:
(Archsite) andhe 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, 00 OFigpel.1B, rthe majoeity of which dre nat i o
located in regions of the North Island that supportedBu@pean horticulturéBest, 1927,

Gorbey, 1970; Groube, 1970; Fox, 1976; Irwin, 1982; Davidson, 1984; Irwin, 1985; Davidson,
1987; Allen, 1994, 2008a, 2016his observation has led to the predominant hypothesis that

t he continued prol i fer awads olosely cabsocigtdd withctmeo s s t
development and spread of horticultural practices, resultimggaurcedriven (economic)

conflict and increasederritoriality and competition over favourable gardening arédsile
compelling,it must be acknowledgeithatthis ideais largely basedon the spatial correlation

of pU wiwithafavourable elimaté or kI mara producti on

Environmental processesresource availability, andhe control of territory undoubtedly
spurred conflict. Economic (resouredriven) causes of frictiorwithin MU o sotiety are
evident in traditional recordencluding conflict overhorticulturalland, fishinggroundsand
eelweirst p U t u n a )so tookverevrauvderyprestige and status (mana), infringement of
tapu (traditional prohibitions), the rebalancing of perceived slights (utu), and existing traditions
of warfare(i.e., taua murug hostile plundering expeditigriseeBallara, 1976)Therefore the

social and political structures MfU o r i  \wece@lsodnfluentialwhich, whilechallenging

to identify archaeologically, are central to understanding variation in the frequency and scale
of aggression (Clar& Lister, 2022, p. 22)The centrality of these social structures is evident
when considering that tleentrol and/or managementresourcess notsolely related tgroup
survival andcan also be relate thedesire to maintain and expand existing economic and
social systems (Clark & Lister, 2022, p. 1Therefore alternate reasons for confliatn d p U
constructionare often overlooked during this period by focusing purely on resedrogen
motives Importantly,oneor a combinatiorof thesevariables at any one timeould result in

an episodef p U ¢ o n s with the influemae of these motivatioshangingover time.

Therefore,e x pl anati ons of the wvari abl emflectthisponsi

complexity.
Despite the evident I mportance of pU within
about their proliferation and devel opment o]

throughout the landscape, few have been extensively investigated archadiglognd even
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fewer have an established occupation history evidenced by a comprehensive radiocarbon
datase{<2%). Thus f a(l996)rSecshenairdcthdsi s t he only attemp
chronol ogi cal s e g wanstraceoriikely begap besveem 4D 1500550. p U
Beyond the commencement of pU construction
locally or regionally specific research are yet to be linked into a comprehensive national
sequencgGorbey, 1970; Fox, 1976; Green, 1978; Davidson, 1984, 1987; Sutton, 1993b;
Sutton et al., 2003; Irwin & Jones, 2004; Davidson, 2011; Irwin, 2013; Mclvor & Ladefoged,

2015; Allen, 216; McCoy & Ladefoged, 2019; Irwin, 2020)

New Zeal ando6s madantrtbuted to rthis nackl 0d mgeaningful chronological
developmen(see Anderson, 1995; Higham & Hogg, 1997; Newnham et al., 1998b; Higham
& Jones, 2004; Lowe & Newnham, 2004; Walter et al., 2017; Bunbury et al.),28Ridg

place over a period associated with considerable variation in the concentration of atmospheric
radiocarbon¥’C) (McCormac et al., 1998b; McCormac et al., 2002; Hogg et al., 2020; Hogg
et al.,2022) Specifically,}*C calibration curves developed ftyetSouthern Hemisphere show
extended periods of uniform atmosphéfic levels (plateauxjround AD 1100, 1350, 1550,

and 1750 whichtogether span the entire history of New Zealand prior to sustained European
settlement(see Hogg et al., 2013a; Hogg et al., 2028)nsequentlyevenAMS radiocarbon
dates(with small standard errorgjerived from archaeological material thatincides with

these plateaux can suffer from low precisaaiendar age ranges the precision othe *“C
analysis is such that it cannot distinguish between the wiggles in the calibration curve,
inhibiting their interpretation to the broader archaeological leaqoks. The last two calibration
plateaux (AD 1550 and 1750) aparticularly relevant for thisstudy, as they covern large

portion of the period in which pU were const

This lack of precision is compounded by further issues associated with the application of
radiocarbon dating in New Zealand, including discrete sstalle excavations with limited
stratigraphic controls, insufficient’'C sample numbers poor understanding ofsample
provenance and taphonomy resulting from historical excavations, a reliabotkoerrestrial
(charcoal)!“C samplegor standard radiometric datingth large standard errors (which until
recentlyweredue to insufficient data for marine sample calibration and corresg@Petchey

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

examinatonsop U and the processes responsible for t

Overcoming these limitations remains one of thwst significant challenges when

i nvest i ¢laevernrgcenpdpplications of accelerator mass spectrometry (X@S)
dating(e.g., Anderson & Petchey, 2020; Petchey & Schmid, 2020; Bunbury et al., &02)
wiggle-match dating (WMD) in New Zealar{dee Hogg et al., 2012; Hogg et al., 2017; Hogg

et al., 2019h) have shown promise in defining fhgeained chronological frameworks,
providing accurate and precise calendar dates for specific events within defined periods, that
canpotentiallybe linked to overarching cultural and environmental processesanige. Of
relevanceis the pilot study conducted for this reseafskee Hogg et al., 201,7which
investigated the potenti al of WMD to produc
Waikato region. The chronological approach implementelddyyg et al. (2017)emonstrated

that precise calendar datssuldbe generated for artefacts (posts) from wetland environments
that directly relate to singlphase archaeological events (the construction of a palisade),
achieved on a generational timescale (< 2&rg)e The research presented here seeks to build
upon the research presented Higgg et al. (2017)expanding this chronological approach

within the Middle Waikato Basitalso known as the Hamilton Basin)

1.2 Thesis Aim

This thesis aims to establish a comprehensiyv
development within the Middle Waikato Basin. Wigghatch datinggeneratesprecise

Grelling Datss 6 f othatwere sdtadled withipal i sade def enEellimg at si
Dates are interpreted using a mestalar research approach, providifigect evidence for

when these sites were first fortified, how t
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 behaviiserved with the
archaeologal record, facilitating finegrained interpretations and chronological comparisons

between local, regional and national archaeological landscapes.
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e Uapata Pa

Tlaraheke Pa

llake Mangahi.a‘

Llake Mangakaware

Figure1.2l. The distribution of pU (r?d dots) within t

The Middle Waikato Basifsee Lowe, 2010)as specifically chosen for this analysis because
it has a long history of archaeological resedech., Law, 1968; Pick, 1968; Bellwood, 1971b,
1972a; Cassels, 1982 aw & Green, 1972; Clarke, 1977; Bellwood, 1978a; Singleton, 1988;

2This figure ontainsdati r om t he New Zeal and Archaeol ogical Associ
and the LINZ Dat&ervice, which is licenced for reusader the CC BY 4.0 licence.
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Gumbley, 2021)a rich recorded traditional history of the Tainui peofleses & Biggs, 1995;

Phillips, 1995; Kelly,2002) and has over 150 pU Fgurdlé®. recor
Six pU were selected for inclusion in thi:
Mangakaware 2 (MA2), Lake Mangahia (MGA), T
and Lake Rotokauri (ROT). Archaeological excavations were conducted at these sites to
identify, map and record palisade defenaesitu(i.e., inther original position or placewith

a selection of posts from each site sampl ed
(ie,pU found around | akes, in swamps and on ri
because they exhibit the necessary environmental conditions required to presepadishee
defencege.g., Hewitt et al., 2021aHowever, the interpretations and conclusions generated

from thisresearch are representatiof pa in general from within the Middle Waikato Basin,

allowing broaderegional 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 applie(see Bailey, 1981; Wandsnider, 2004; Bailey, 2005, 2007; Altizer,
2008; Bailey, 2008; Sullivan, 2008; Epp, 2010; Rzepecki, 2@)defined by four key ideas:
different phenomena operate at disparate timespans and resolutions; these individual
phenomena should be viewed at their own timescale; differemti@ltas a distorting effect on
perspectives which an awareness of perspective corrects; and observations of time are
inherently subjectivéBailey, 2008 p. 20). In this way, time perspectivisappliesmultiple

scales of explanatiolo examine the archaeological rec¢ktbldaway & Wandsnider, 2008)
allowing the exploration of the distinct environmental and cultural processes embodied in the
archaeological recor(Hull, 2005) A time perspectivism approach is applied through three

scales of analysis: evemcal and regional.

1.2.10bjective One (Event Scale)

The first objective focuses on the scale of an individual event: the felling of a tree used to
construct a palisadé-¢lling Datg. WMD provides an accurate and precise calendar date for
this event, interpreted as a TP@r(ninus post quenor 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 thatredlaing Daterepresentshe yeatin

which thepost wasnstalled(i.e., timber wasot 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 apecific 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 thee 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;onsultation with available
archaeological evidence, the earli€siling Dated et er mi ne d is fiseddas praxg h p U
evidence for when palisades were first constructed association with the avabée
archaeological, radiocarbon and traditional history evidermedsibly representing when the

site was first occupied aspaU .

1.2.20bjective Two (Local Scale)

The second objective focuses on the | ocal S
development of the palisade defences through time. This scale of analysis assumes that once
palisades were constructed, they would have continued to be mairdaahed changed over

time. Therefore, while &elling Dateproduced on a single post from a specific alignment can

be interpreted as a distinct evemhen several posts are sampled and analysed from multiple
contexts (different palisade rows and arebap )Jthe resulting assemblatikely represents

a cumulative palimpsest of multiple events over time &aaion3.1). Consequently, WMD

on seeral posts from each site can be used to identify possible phases of palisade construction
activity. Possible phasing within these defensive structures indhitlakconstruction periods,

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

activities gonstructingadditional palisade rows within the same area).

1.2.30Dbjective Three (Regional Scale)

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

construction activity f rchromolagicadframewdrkAs lan p U i n

8|Page



assembl age of posts recovered from an indi
an assemblage of posts recovered from mul't
a cumulative palimpsest on a regional scale. Therefore, the regiateb$@nalysis seeks to
identify sharesgpatictemporalpatterns of palisade construction activity in the Middle Waikato
Basin over timeincluding share@pisodes of palisade construction, repair and redevelopment.
Shared regional episodes of palisadestauction activity are interpreted here as evidence of
the overarching controlling variables responsible for the emergence, occupation and

devel opment of pU over ti me.

1.3 Chapter Outline

This thesis is divided into thirteen chapters to achieve the abhemwioned 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

Vi

I

emergence of pU. Fol sboerggofhiascttasolegi ca)

is explored, outlining the dominant theoret

horticulture and warfare, and previous att

highlighting the challeges 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 @sctical theoretical

approach for interpreting archaeological data, emphasising the importance of-acalalti

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 metAbtfs), and the application of

Bayesian analysis and the WMD technique.

en

Chapter 4 provides contextual informatiahoutt he si x pU investigated

review of each site includes a basic site overview, any previous archaeological research
conducted, anthe 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 identificatieringre@alysis,}*C ring-
block sampling and pretreatment, and WMD parameters.

Chapters@ o 11 detail the results of investigat:i
archaeological excavations, assessments of the post assemtreggsecies identification,

treering 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 developtef identified palisade defences and
episodes of shared regional palisade construdidivity. Finally, Chapter 13resents a
synthesis of the research conducted in this study, including a detailed discussion of the
conclusions, limitationsand interpretations made during eamalysisstage This chapter

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

2.1 The Transitional Period (AD 1450650)

Several different hypotheseso nc er ni ng bétlemert éate haawenbded put forward

since the 1980¢see Davidson, 1985; Kirch, 1986; Sutton, 1987; Anderson, 1991, 1995;
Higham & Hogg, 1997; Lowe et al., 1998; Newnham et al., 1908WE et al., 2002Hogg et

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

al., 2010; Wilmshurst et al., 2011; Walter et al., 20HOQwever,anarchaeological consensus

of New Zeal andds sett!| e me&mawgdnearallytabceptedvitht e t hi
Bunbury et al. (2022)dentifying a quantifiable temporal gap between the initial human
settlement of the North and South Islands of New Zealand, beginning in the North Island (AD
1250 1275), with the South Island colonised a decade later (ADT128®). This settlement

date onstrains the period befomustainedEuropean contact in the eighteenth century to
around 500 vyears. Within this time frame, (
Europeans) emerged from itecestralPolynesianroots, 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 1450650), describing it as a
Ashadowland between highlights of Polynesi art
Transitional Period is characterised by several interconnected variables: regionally specific
climate detewrations, the northward retreat of horticultural practices, fluctuating papulat
dynamics, and changes to theiabs t r uct ur es of MUor i society.
when pU are thoudnhNew ZealandiSahmit, 1996)rapgsenting a
significant change t o MUdsigrofthsedltirdlghangent patt e

2.1.1Climate Fluctuation

While archaeological discourse surrounding the influence of climate fluctuations on pre
European MUor i (seedleache198ljederst research has sought to clarify the
timing and nature of its effec{see Lorrey, 2008; Mann, 2009; Abram, 2014; Goodwin et al.,
2014; Roop, 2015; Anderson, 2016; Bunbury et al., 20&2nerally,three broad climatic

regimes characterise thimate patterns of New Zealand: La Nifia (Blocking), El Nifio (Zonal),

11|Page



and Trough(seeKidson, 2000).The La Niflaregimeseeswet conditionsaffectingthe north

and east of both main islands, with drier conditions in the westENN&io regime brings wet
conditions to the south and west of the South Island but drier conditions elsewhere. Finally, the
Trough regimeaffects the entire countrgnd is characterised by wet, cloudier and colder
conditions (Anderson, 2016, 5).

These threelimater e gi mes have varied over New Zeal anct
national and regional climate conditionBor example,the La Nifiaregime with high
precipitation ratesvasprevalent in the North Island between AD 185800, coinciding with

both Anearnormab temperatures before AD 1450 and cooler temperatures after AD 1450
(Lorrey, 2008; Bunbury et al., 2022n the South Island, dry and milch Nifia conditions

were prevalentrom AD 1360 1385, with wet and col@rough conditiongroundAD 1385

1435 (Roop, 2015) Additionally, unstablélrough 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 theBemugh

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

1400 1700) (Mann, 2009) Additionally, Petchey and Schmid (202@entified an extreme

oceanic event between AD 133@100,coinciding with the LIAs start In contrast, the shert

lived return of the marin&C signal to its usual level corresponds to a period of stable weather

from AD 1400 1450 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 fro(ffewler et al., 2012; Lorrey et al., 2014; Roop,

2015) Consequently, it appears probable that cooler seasonal tempeflatkessto the LIA)

in the Southlsland during this periodAD 14001700 consi der ably i mpacte
economy and subsistence strate@eeg., Barber & Higham, 2021; Bunbury et al., 2022)

2.1.2Limitations on Horticultural Production

A significant effect of this fluctuating cli
in the southern margins of New Zealariche commencemerdateo f MOor i hortic
activities in New Zealand is still debatéske Sectio2.2.2. However, Anderson and Petchey

(2020) recently reviewed a wide range of ev
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New Zealand and its dispersal. They found that terrestrial and méGirmges modelled with

the South Pacific curves¢ePetchey and Schmid, 2020) point to horticultural production being
established across the North Island coast by AD 2500 and in the South Island by AD
1290 1390.Thisintroduction coincides with widespread landscape burning in the South Island
(see Perry et al., 2014; Newnham et al., 20MB)ich during this period is thought to reflect

the vulnerability of these forests to fire ratltean any horticultural intent, except perhaps in
the northernmost districts. However, Bunbury et al. (2022, p. 5) propose thpetiaud of

forest clearance could reflect horticultural practices in the South Island between AD 1280
1450, highlighting that this process continued for approximately 30 years after moa hunting
had diminished (i.e., reflectirgchange in subsistence). In the North Island, where forests were
more resilient to burning, Newnham et al. (2018) previously described-atép@atten of

forest burning, with an initial phase of forest clearance starting just before the Kaharoa tephra
deposit, AD 1314 + 12 (Hogg et al., 2008we et al., 1998; Newnham et al., 1998b), followed

by more extensive inland deforestation around AD 14@80. Bunbury et al. (2022, p. 5)
suggest that this second phaseNurth Islandinland deforestation is synchronous with
expanding horticulture practicestweenAD 1390 1450, a brief period of finer weather in the
North Island, and the expiration of moa gsrimary food resource in the South Island. They
concludethatthe onset of the LIA in the South Island (AD 18&8835) and the reduction in

moa subsistence (AD 140D420) pushedM U o communities to their economic limits,

increasing mobility to the economically more stable North Island.

KTl mara will not grow in soil temperPelous es
research suggests that k T nmbeforaAD d450) mayvhave i o n
reached as far south as the Kaikoura coast and possibly to Banks Pe(iimstier &
McCulloch, 1999; Bassett et al., 200#owever, a fall in mean annual temperature of 1.0
1.5 °C at sea level by the sixteenth centursuiggested to have shiftéuk viable cultivation

limit 145 km north with cultivation no longenccurringsouth of the lower half of the North
Island (Burtenshaw et al., 2003; Leach, 2005; Burtenshaw & Harris, 2007; Barber, 2012
Anderson, 202Ror cultivation was atleast substantiallconstrained This proposedshift
results in the marginal limit @griculturebeingalmost as far north as Hawkes Bay (Anderson
2016) implying a northward retreat in gardening practices coinciding with the(ké& also
Newnham et al.,, 1998a; Newnham et al., 20Hpavy rainfall was also problematic for

ki mara productionand preservationRainfall increased substantially over most of New
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Zealand in the coldest years of the L(AD 1400 1560. It is quite possible thahis increased
rainfall led tothefrequent rotting of kmara in the groundnd while storecpotentiallycreating
a food production crisisn regions of marginal horticultural producti¢Anderson, 2022, p.
55).

2.1.3Population Dynamics

Models of past population dynamics have played a key role in investigations of sociocultural
change in much of Polynegiag., Kirch, 1984b; Kirch & Rallu, 2007; Pulestion & Tuljapurkar,
2008) These modelggenerally examine the relationship between food production and
population growthKirch, 1984h p. 103)andtypically describea small founthg population
that undegoesrapid demographic expansidhroughthe exploitation ofabundantnatural
environmentsandresourcegAnderson, 2002)These natural surces supplemestd settler
populations as they transitiondigeir subsistence strategiggo foodproducing economies
(see Kennet et al., 2008pncethese settlepopulationswere establishedpopulation levels
continued to increase viagricultural intensification, investment in landesque cagéal.,
Ladefoged & Graves, 2007andthe spead ofagricultureinto marginalproductionzonegsee
Kirch, 1984h 2007) Population growtheventuallyplateausdueto environmental constraints
and/or social processeaating to theemegence okocicpolitical hierarchiegKirch, 1984b)
However,unique regionakcale variations in population growth are evident thrqugiposed
links between ecological, demographic, and cultural facfgmch, 2007) In particular,
population growth patterns are influenced thy regional suitability for Polynesian food
production and the increased competition associated with establishing these gstems
Anderson, 2001; Kirch,@4, 2007; Kirch & Rallu, 2007; Lee & Tuljapurkar, 2008; Thomas,
2008) Because of thiselationship local and regional scalgalaeodemographic modedse

crucial whenattempting tadevelopa detailed understanding of the past.

Brown and Crema (2021) demonstrated the importance of this regionalrsvalaingthat
nationwide demographic models obscure regional variation in New Zealand. They suggest a
low population density in the northern horticultural area until AD 14500, followed by a

period of growth that culminates irdastinct population plateau. Thispulation growth model

is similartot he Al ogi st i c 0 (seekirdh|188dteAmderson 3002) whitle s i s
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proposs that populatiors in the north readd carrying capacity whethe landscape besne
denselypopulatedand the productive and margindlorticultural regions were exhausted.

Br own an d2021)ymedaldod tee nothorticultural south suggests that the population
rapidly grew before sharply declining as faunal resources diminished around AQsB450
also Allentoft et al., 2014; Jacomb et al., 20BYilding upon the work oBrown and Crema
(2021) Bunbury et al. (2022)tilised a much larger and diver$tC dataset, proposing a
logistic populdéion 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 populatior100 years earlier than previouslyggested, 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 Transitioreidtland is a dominant theme in the

oral traditions of that timée.g., Jones & Biggs, 1995; Phillips, 1995; Kelly, 2002; Anderson,
2014) For example, deliberate inland Tainui migratioland from Kawhian the Waikato is
proposed tdave begumround AD 1520andby around AD 1550peoplehad moved further

east, north, and soufAnderson, 2014pp. 114119). Anderson (2016) hypothesised that a
rising population was reaching the point where the redistribution of people was becoming
necessary, or a drop imeanannual temperature in the period between AD 14000
(associated with the unstable trough conditions which coincided with the negative phase of the
SAM wind circulation patterns discussed abdseeAbram, 2014) affected groups on the
horticultural margins, stimulating migration to regions with a warmer and more stable climate
(see also Newnham at., 1998a; Newnham et al., 2018; Brown & Crema, 2021; Bunbury et
al., 2022)

Later,Anderson (2022, p. 4@roposedhat 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 (@226 53)
proposes thatopulationmigrations can be used as an index of the frequency of notable warfare
(c.f. Thorpe, 2003, p. 146highlighting three phasesof longterm patternsn warfare and
migration (i) Phase :I1 Colonising migration(AD 1280 1340) (ii) Phase Il:Early tribal
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migration (AD 146Q 1640) and (iii) Phase lll:Late tribal migration(AD 1820 onwards)
These three phasesare evenlyspacedacross the pr&uropean erand are proposed to be
separated bintervals of less frequent warfatteat lasteda century or moreAnderson (2022,
p. 53) argueghat thepeaks ofthis activity occuredaboutAD 1300,AD 1500 1600 andAD
1820, approximately 200 years apatinderson highlights thahese periodaremore or less
equidistant in timgimplying that they could representyclical behaviourof cultural activity

214The Emergence of PU

The appearance of pU i n t helectfhe emergingtpiessurea | Pe
brought on by these environmental and cultural processesmidt (1996) proposethe
national onset of pUilcso5n0s.t rQecnteircan |ayr,o utrhde AeDne
archaeological record is stated to reflect a response to protect horticultural zones and food
stores during increasing population density and competfBoube, 1970; Law & Green,

1972; Green, 1975; Fox, 1976; Davidson, 1985; Irwin, 18&#/idson, 1987; Allen, 2008a;

Anderson, 2014; Allen, 2016; Anderson, 2Q16jorticultural constraintsconsequent to

migration from the tropics to temperate New Zealendant t hat only one ki
be produced yearlBurtenshaw et al., 2003; Leach, 2005; Burtenshaw & Harris, 2007; Barber,

2012; Anderson & Petchey, 2020Consequentlyprotecting that single harvest for food and

seed tuberand the rich sources of wild plant foodasmore critical(Anderson, 2022, p. 43)

Anderson (2016, 13) hypothesised that this increased competition influenced the construction
and distribution of pU sites, which closely
constructi on acadnotsolelybe thaudhi obsrefurmtionogf U k I mar a st o
and protection (see Secti@rR.1), as these sites are also associated with habitation, community
identity, religion, and staty$lihaljevic, 1973; Daugherty, 1979; Irwin, 1982; Davidson, 1984;

Barber, 1996; Sutton et al., 2003)

22An Archaeol ogi cal Examination o

P U h a weenthefocuspf rigorous archaeological debate and discus@&an, Best, 1927;
Groube, 1964; Pick, 1968; Gorbey, 19@reen, 1970Groube, 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., 2@aty
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archaeol ogi cal interpretations of (pdituwer e doc
history studies andi) settlement pattern analysis. Both approacitesmpt to simplifythe
archaeol ogi cal evi dence i deandchrohologichl vaiationp U by
The culture historyapproachattempted to use material cukug.e., diagnostic artefacts)
recoveredrom defined stratigraphic contexts establish temporal relationships between sites

in different regions This approach sought to te fbbgether in a regional sequence using the
presence or absence of specifiiagnosti® artefacts and complementat{C dating (see

Golson, 1960a; Golson, 1960b; Shawcro®64] 1968; Fox, 1976However, identifying

portable artefacts suitable for use as a diagnostic chronological signature proved challenging,
with several extensive pU excav éeeiParkers192ai | i n
Shawcross, 1963, 1966; Furey, 199&urthermore, the resulting evidence from these
excavations suggesteamsingidpdta seU s e roienexibitit s$ le@mdt,
l ong and complex occupation historiesp which
regional temporal sequendege Golson, 1961a, 1961b; Ambrose, 1962; Davidson, 1987)

Consequently, pU were treated as diagnostic
defining specific pU typol pgld2Thesé dassificatoms, 195
were based on the presence or absence of features, such as terracing, ditches, éad.banks
Groube, 1970; Bellwood, 1972a, 1972bjhis solution viewed changes in form as
developmental, which could theoretically be tracked chronologi(@tyson, 1957; Golson &

Green, 1958; Fomison, 1959; Buist, 1964; Groube, 1964, 1970; Fox, Y9fite this solved

the lack of traditional diagnostic artefacts, the proposed classificatohd notbe quantified

by C evidence due to limitations df'C samplenumber a reliance orbulk charcoal
radiometric}*C datesaffected byinbuilt age and the absence of Bayesian chronological
modelling. Therefore the developed typologies could not be seriated chronologidalhes,

1983; Irwin, 1985; Sutton, 1993Wjurthermorey i e wi ng pU as emsytodoset ef act
sight of thesocial context and physicelands cape i n which they were
areviewed as a singularity, devoid of the human experience and agency associated with the

settlement.

In contrast to the culture history approaskftiement patteranalysisuses archaeological

materials to reconstructlandscapesettlement system during a specific periatipwing an
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examination of theecommunities that occupied thesettlementgsee Groube, 1964, 1965;
Green, 1967; Gorbey, 1970; Cassels, H91B72bjaw & Green, 1972; Clarke, 1980; Kirch,
2004; Phillips & Campbell, 2004; Irwin, 2013)his approaclyenerallyfocuses oriwo broad
influences orobservedsettlementpatterns( Mor r i s o n ,&015®0 Z) d-instisothie
influence of the environment on where communities und&rctivities within the landscape,
focusing on the relationship betwegmatialorganisatiorandvariation in land useoncerning
environmental variabilitySecondis the influence of the location, size, and arrangement of
social groupsvithin the landscape, focusing on tfegationship between communities and the
development of different forms of human spatieganisation Thesetwo focusesrequirean
examination oboth naturalenvironmentaland socialcultural) environments antdow they
influence the configuration of the archaeological recaek Fish, 1999). Essentially, he
settlement pattern approactiagrateshe spatial, economic, pedological, and eciglalgdata
related taa site p Jto contextualise it with theurrounding landscape.

The strength of the settlement pattern approach is that all sites and site types are analysed with
equal weight However , the prominence and i mportan,;
challenging to integrate within these investigations witteugrshadowingonsiderations of

6per i ph dmedtdb thespromiaesce, size and visibility gf Biave resulted in these

sites occupying significant focus withirsettlement pattern analysis in New Zealded.,

Groube 1964, 1965 Green, 1970Davidson, 1978jrwin, 1985;2013 2020; Allen, 19%,

1996 20083, which, in turn,has createl several acknowledgedethodologicalbiases,

including varying approaches tosite and landscapesurveys chronological controls,
interpretations ofenvironmental changeand the use of traditional knowledgsets and

theoretical approachésee Phillips & Campbell, 2010, pp6i 99).

Almost allsettlement pattern analysesolve some interpretatioapproachinghe survey and
geospatial mapping oflandscapevith somepredeterminationsbouttheresultingsettlement
pattern.However, thesénterpretationscan lead taa lack of standardisation in the recorded
data, a no two individuals will interpret the landscape in the same way awifagtors such
asexperiencemethod,and the time and date of each survéyrthermore, considerations of
the scale of an archaeological sated how they are contextualised within the lands¢aee

the grouping or separation deposits and features within the landscagre) inconsistently
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applied Site classifications are almost alwagise product offunctional, topographic,
morphological or chronological consideratiorand, therefore, can also be applied
inconsistently.lt must also be remembered that observed settlement patterns are physical
representations of complex sogqolitical and economic processes. Thus, the complexities of
these variables can be lost in context when focusing solely on the physical remnants of past
occupatims. Archaeological sites cassobe obscured in thiandscapdor several reasons,
including limited occupation size,optdepositional processes, atichescale.Nevertheless

t hese 6i nv ingpadrtantwbed interprétiegsettiemeat patteberausdocusingon
prominentd v i ssiteldistertsour understanding of the archaeological landscHipie effect

can be mitigatetb a certain exterthroughintensive site survey and excavation, where all site
types(i.e., from small midden sites targep Uaye investigatedn an equal scaleHowever,

such an intensive approach is rarely applied (see Davidsof for examplé.

The 1980s saw a r es u(Pricketh ¢980, 1982; Jonds, 1983y Rrickeéttj g at i
1983; Irwin, 1985; Lilburn, 19850 6 Kfte,e1991) with several largscale archaeological

projects undertaken regionaljh e Pou Ur ua Ar c H{Maeskal, 29§7; Suttdn, Pr o |
1993a; Sutton et al., 2008)med to combine both settlement pattern analysis and culture
history studies. Socipolitical factors influencing occupatiowere acentral themeof the

project, with the archaeological landscape seen as the product of interactions between the
culturalamd natur al | andscape. When the pU at Pou
functions, and meanings were contextualised within the broader archaeological landscape.
Once an understanding of the local context was gathered, the broader connotéitions U o n a
nati onal scale were considered. The PouUrua
described as an artefagttoposingthatp U  p eed ariouseomplex functions andhave
complicated occupation histories. It is clear from the evidentenger ed from PouU
people putaimmensea mount of effort into constructing
making them the most visible evidence of occupation in the landscape. This observation led
Sutton et al. (2003)o suggest that visibility may be their most important function. This
interpretation also has consequences concermggects ofcommunity identity and

considerations of status or mana withinittea p 1T r el ati onshi ps.
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2.2.1Classification and Function

As discussed above, previous attempts to cl a
and functionanalysis For exampleGroube (196d) d ef i ned four functi on:
fortified village, citadel fortification, retreats, and fortress, distinguishing between these classes
through the nature of the habitation associ 8
size werecritical variables used to distinguish between these typologies. These classifications

were widely influential and weredapted by many archaeologists at the time, including by
Bellwood (1971¢1971a) n his i nterpretations of pU at L
Later, Mihaljevic (1973 p. 150) proposeda tri-f unct i on al pU classifica
pU as settlements, fortresses, or temples, s
combination of these functions. His classifications focused on thi digdensive structures,

their ritual natur e, and the type of habita:
role of defences as symbolic boundaries, defining a space of community pride and prestige.
Daugherty (1979plsodevelopeca pU cl assi fi cat i onhasicomthene, Wi
style of warfare catered for in the pUés cor
and similarities to fortifications in Polynesia. Daugherty distinguished three functional types:

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

These classification schemedl at t e mpt t o define pU typol o
characteristics and the perceived nature of the associated community aclifiegture of

these considerations tesith emphasise cultural processes (idemographic changeh Up u
formation and divisiopand economic tensions (i.eesource protection) within the broader

cul tur al | andscape, |l eading to t Bagber¢l®apst r uct
p.876)not es that the app e athtigh and low fopulatidn density,r e gi o
including the norhorticultural 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,itshoudas o be noted that the number of
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 differ
other than defence (i,ehabitation, religious, economic), defence is always considered a
primary function of the site type. This situation stems from the observation that apart from the

built defencesmostar c haeol ogi cal features identified a
This situation raises iIimportant questions ab
from other site types. For examplenhcarchaeological sites located in environments with
topographical defences (e.g.storage pit cluster situated on a high point that is protected on

mul tiple sides by steep ridges) be different
provide a defensible location, with the difference beheg one isentirely natural while the

other is built at the cost of timeyorkforce and resources. This example highlights how
focusingon the form and function of these defences can lead to defining other functions as

s e c o nd a rfrequentBthie naost eisible representation of community identity within a
landscapepften built on an elevated platform, on a grand scale, and at a high cost. This
observatiorwas noted byavidson (1984p. 185) who remarkediiT he si gni fi cance
focal points of community activity and centres of community pride and prestige is an important
pointo. However, she al siansghauld not be dveremphasidech at t
at the expense of their defensive functiggee also Irwin, 2013) Conversely, by
overemphasising the defensive function of p!l
of pU and what they represented to the commu

underplayed.

While it is clear that some p{gwew&Gréentt | e |
1972) others were complex sites exhibiting a range of features and funatitnsomplex
histories(e.g., Ambrose, 1967; Shawcross, 1968; Bellwood, 1971a; Fox, pp7&3 23;

Davidson, 1984p. 185; Jones, 1994; Wilkes, 1995; Irwin, 2004a; Furey et al., 20ilKes

(1995 p. 255) suggests that the defensive arrangeme
Amassively out of pr o mpocoricaivabieGcale af attechre thati t e 6 s
their construction in some cases can be considerégifestige rather than from dire necessity

However, such notions are difficult to assbesausét is hard to determine the frequency or
scale of conflict associated with a specific
not account for time depth, with the defences remodelled and adaptetihoe/gr 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 rathesotefroperating as a

defensive feature.

This concept was explored further in the 1990s, with a specific focus on the phenomenon of
monumentalityKirch, 1990; Graves & Sweeney, 1993; Herdrich & Clark, 1993; Kolb, 1994)
Barber (1996p. 868)describes how monumental architecture has long served as a physical
representation ofichiefly dominance and hegemanyn stratified Polynesian societies.
However, if sociopolitical complexity is archaeologically linked to monumentality, large
scale buildings in less complex societies must also be accolant@giarber, 1996p. 868)
Throughout Polynesia, several societies have built large, highly visible structures advertising
their presence in the landscape, thus asserting their ongoing attachment to (Bellewoad,

1978b; Jennings, 1979; Kirch, 1984a, 19G@aves & Sweeney, 199Kjrch & Green, 2001
Kennett & McClure,2012. These structures all require great communal effort, display
occupancy and identity, and exhibit a signal of powed d i t i o mandtrucyon forp U
ideological or religious pugses cannot be ruled oand,in some casesould potentially
representa changein MU o religious orientationfavouring the agricultural deitfRongo
(Anderson, 2022, p. 45).

Importing these ideas to New Zealand contektayshall (1987)i nt er pr et s speci
PouUrua as places of mana and coButonfl®30 act i v
1991, 1993h 1993a)and Sutton, Furey, and Marshall (2003) also emphasise the replication of
crucial social structures in the internal or
di fferenti al el evati on. Ul ti mat el wnsideredlae s e i |
form of ritual architecture in that they wgreominent symbols in the landscape and a physical
manifestation of a community's identity and wedButton et al., 20Q03. 237) However,

againj t must be remembered that pU,asdawedbypot st
archaeologistgepresentin amalgamatioof past functionsnd behaviours association with

otherkey variables such as terrain, economic segakial relations, the associationbobader
socketalgroups (.e.,iwi) andsocial considerations (i.edeology), and time (Davidson, 1984

pp. 185 188; Barber, 1996. 876).
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Regardless of their primary functioBarber (1996p. 986)suggest s t hat p U
permanent foci of community identity within the landscape, creating visible spatial
relationships whictcompeting groupsould view. In this sense, the defences at these sites

ensure the physical and spiritual security, productivity, and permanence of crucial places of
settl ement, economy, and ceremoni al power i |
1996,p.8 7 6 ) . Effectively, s u st iar emsered thattmama@mds t r u ¢
productivity increased, as well as the physical security of the place, as egsagntdentity

was enhance(Schwimmer, 1978; Phillips, 1995; Allen, 2008@jhile the defensive features

of a pU are crucial to their edarangeroffunaidangat i on,
beyond providing a fortified refuge. Therefo
defined in this research as fortified placeapable of performingariousroles for local

populationswhich inevitably change and vary over time.

222Association with MUori Horticulture

The link between pU and the facilitation and
is continually referred toin archaeological discourdsee Green & Shawcross, 1962; Pick,

1968; Groube, 1970; Bellwood, 1971b; Cassels, &97@&wv & Green, 1972; Fox, 1976; lrwin,

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

2015; Allen, 2016) including the relationship between the development of horticultural
practices and storage pit technology with tFh
correlationb et ween the distribution of pU and the
Zeal and is convincing. PU are overwhel mingl:
country, situatedarourd environments (i.e.lakes, rivers, and appropriate soil types) that
facilitated crop production (particularhffina r a) i n N éeemperAtelmbte. These s
horticultural landscapes are often large in saagphasisindiow these activities were part of

a complex, timeconsuming, and energgitensive processthought to reflectsubstantial

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

the difficulty of producing these crops inrsaboptimalclimate (i.e, limited growing season,

restricted distribution of viable soils, and the difficulty of clearing land), these actiaities
oftenthoughtto have beemssociated with increased levels of competition and territoriality,
reflected by the construction of pU within

relationshi p bet-driegee competilon and conflice & © wmecessary to
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examine the archaeological di scourse surrolt
| andscapes within the Middle Waikato Basin w
the study area.

Sixt ropical plant species are known Ipommoehave b
batata3, gourd/hue l(agenaria sicerarig, yam/uwhi Dioscorea alaty, taro Colocasia

esculent®, paper mulberry/auteBfoussonetia papyrifeja and ti pore Cordyline fruticosg

(Bassett et al., 2004peveral of thesepeciesare evidenced to have been groagross the

North Island and, to a lesser exteaitthe top othe South IslandBarber, 2004) However,

yam, aute, and ti pongere not grown beyond thextent of thenorthern North Islan@Barber,

2004; Furey,2006) The earl iest considerations of MUo
at the time of New Zealandodés settl ement, p o
economiegprimariy focused on hunting and gatheringe(t he -BMoaer (Bestr i odod)
1925; Buck, 1950; Duff, 1956 However, Golson (1959)was the first to cast doubt on this
hypothesis, highlighting the strong influencere$earch focused dhe South Islandwhere

horticulture was probably limited. LateGreen (1972)ightly questioned why migrating
Polynesians would retain material cultureks to their ancestral homelarslut abandon

elementof their subsistencstrategy.

The first suggestion of a staged model of horticultural introduction and development was
proposed byren (1961) who argued for a thregage model: introduction, experimental and
systematicGroube (1967pr oposed that the first two stage
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 marginalTdrisas

idea was expanded on l§reen and Shawcrog4962) who proposed six developmental

phases, allowing for horticulture to be present within the Settlement Phase of New Zealand,
butwith thisperiodcharacterisetdy potential crop failurésee also Green, 197Qater,Leach

(1979 1979ay ef i ned Yends model, all owing for the
deterioration. L e a ¢ h 6§ Intnodudtier,(ii) Bxpevirpentatiendiii) f i ve p
Regional Consolidation(iv) Expansion from Secondary Centrds) Retrenchment and

Revival
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It i's now understood that early forms of M
immediately after settleme(Anderson & Petchey, 2020)ith evidence of early horticultural

sites recorded at the Clarence River mouth in Marlborough, the Wairarapa coast and
Wh a n g aim@ototdande(Leach & Leach, 1979; Trotter & McCulloch, 1997; Gumbley,

2014a; Gumbley & Laumea, 2019%owever, it is also clear that horticultural practices
developed over time, resulting in more complex questions surrounding theficétios and
systematisation of gardening practices and subsequent economic anpaditical changes

t o ofEbciety (see Anderson & Petchey, 2020Jhese considerations are particularly
relevant when considering the development of higénsity and systemised gardening within

the northern interio(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; Arsier, 2016; Gumbley & Laumea, 2019;
Anderson & Petchey, 2020; Barber & Higham, 2021; Gumbley, 202g most extensive

preEur opean MUor i horticultural | andscapes ar
Taranaki and Waikato regiorf$aylor, 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 tephra and alluviumderivedsoils suitable for
intensive horticultural production are situated across these regions, covering roughly 40% of
the North Island of New Zealan@ee Hewitt et al.,, 2021b)These soils catroady be
classified into two main groups: @umice Soil§15% of the North Island) and (Bllophanic
Soils(12% of the North Island). Pumi&oils arecommon acrosthecentral and eastern North
Island and a formed on very young, weakly consolidafaoclastic depositthat are low in

clay content and deficiennimajor nutrients and trace elemeil(ksewitt et al., 2021hb)
Allophanic Soilsare identified mainlyn central North Islandformedmainly on fine-grained

tephra layers in Taranaki, south and west of the Volcanic Plateaun gadts ofthe King
Country, Waikato and western Bay of Pler{tfewitt et al., 2021b) Smaller areas of
Allophanic Soilscan be found on basaltic scoria cones in Auckland and Northland. Allophanic
soils have high organic carbon content, good aeration and water reténidmjlk dengy,

and are free draining. All the areas where these soils are identified have extensive evidence of
MUOor i h o(Latv, 1868; IHigham & 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 Zealafitigham & Gumbley, 2001; Barber, 2004; Gumbley

et al., 2004; Furey, 2006; Barber, 2010, 2012; Anderson & Petchey,. 208@ver, 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 prodgegosummary in

Barber, 2004) Recently,Gumbley (2021)onducted a multid@plinary examination of the

Waikato Horticultural ComplexHigure2.2.1). Gumbley definesprEur opean MUor i g
sites in the Waikato by three defining featur@sthe presence of borrow piti) (adjacent)

soilsthat have beeheavily modified (including mounding) by the addition of sand and gravel

as well as charcoal, an(ii) the presence of smadtale domestic activity components
(interpreted to r epThess briictlturad sitessim the Waik&tdlaren g a
concentrated along the Waikato River from Arapuni to Taupiri, in areas on the Horotiu Plain,
and along the margins of (dehGany¥atap (93RTayla,r an c
1958; Law, 1968; Clarke, 1977; Gumbley et al., 2004; Gumbley & Hutchi2€di3, Hewitt

et al., 2021aGumbley, 2021)Waterways are naturalighwaysfor the movementof people

and resourcesand provide a clear boundaryhere disputes over territory and resources are

likely to occur (Pardog2014). Therefore, itisne ur pri se that pU within t
around these areasifure 2.22) , foll owing the main rivers
tributaries that cross the landscape. Howeverspiatictemporalrelationship between these

two archaeological features has yet to be explicitly tested within the region.
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Figure 2.21. Thespatial extent of the Waikato Horticultural Compfex

3 This figure was originally produced by Gumbley (2021), Figure 5.1, and is included with permission
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Figure2.22. The patialr e | at i o n s h(red pointe)anavieekliddle pveikatoB a s imaidrivers and tributaries
(blue lines}.

“This figure contains data from the New Zealand Archa
and the LINZ Dat&ervice,which is licenced for reuse under the CC BY 4.0 licence.
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Gumbley (2021 pp. 1611 168 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
area werethe 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 theanostremote 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 Riveat least as far as Taupiri. Given the established spatial relationship
bet ween pU and t b éssurdedoivericompditiort stennany fromdhe e
availability of these areas and the resources they provided jsithary variable driving the
construction and occupationtemppbali diséemdu
should follow the spread of the Waikato Horticwdl Complex northward from
Cambridyeleamingtorto TaupirfHuntly.

223Competition, Conflict and PU

The i mplicit relationship bet ween horticul f
construction also ledtottke vel opment of the ecol ogic,al mod
first proposed byayda (1960)wasb ased on an analysis of MUor|
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
endemicresourcedriven warfare (Vayda, 1956, 1960, 1976; Davidson, 1984, 1987; Kirch,

2000) This model suggests that warfare, which was central to the rest of Polyeesiaeba
crucial feature of MUori society, ¢goedatb@nced
Vayda, 1960, 1976; McGlone, 1983; Davidson, 1984, 1987; Anderson & McGlone, 1992;
McGlone et al., 1994; Kirch, 2000 he difficulty of clearingtemperate rainforests largely

overplayed n V ay d ads $resinteadlaacke waprimarily achievedvia fire rather than

felling (Anderson, 2022, p. 43Additionally, rather than replantingreviously cleared forest
areasMUor i pr ef er r aréastaegposeahdeexploitthe imosg fertile soilgor
horticultural production(Ballara 2003 p. 18). Additionally, MU o r i traditional
historical observation does not support incremental territorial expansion through warfare

Conflicts ocurred between neighbouring families ahdpy but organised warfare was
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conducted primarily against groups at some distance away, usualkrminderson, 2022,
p. 43)

Later, Vayda (1976)efined his views on the relationship between ecology and cuykee

also Scaglion, 2008Howeverthe premise of populations limited by environmental variables,
available horticultural zones, and increasing s@alitical pressures resulting in cycles of
food-driven conflict has continued to dominadechaeologicakesearch on warfare in the
Pacific(e.g., Younger, 2008; Field & Lape, 201Bjowever materialevidence of past conflict

and warfards oftenvague providing limitedinsights into the type obbservedconflict, the
participants and the motivation ferarfare andaggressior(Clark & Lister, 2022) Ongoing
research since the 1990s has complicated the dominant ecological model by making a case for
additional factors that appear t dlrwmal988 been
Sutton, 1990; Allen, 1994; Barber, 1996; Allen, 2008a, 2008b, 2016; McCoy & Ladefoged,
2019)

Allen (1996)i nvesti gated the econondacwkiBagseeporingf MUo
the relationship between the potential for economic control and the size, complexity, and
integration of chiefdoms and other soci al gr
interpreting the di st lyiichareadasrefleairgthe emnsgigation p U |
of resources and power by chiefdofsse also Allen, 2008b, 2008a, 201de argued that

security in the pr&uropean cultural landscapbecame 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 secuyi to populations througthe control ofterritory and their
ability to protect it from other competing ¢
principal focus of this process. Il n essence
allowed a chief tgproduce and protect valuable resources, meaning they maldise labour

and create regionabrganisations(Allen, 1996) However, Allen failed toinclude the

distribution of other site typesin hisanalysisf ocusi ng solely on pU as
power rather than community solidariti?Hillips & Campbell, 2004, p. 98 Additionally,

Allenés assumptiort h a tanbe €huated to discrete social groups occupying fixed territories

is problematic within the c o Narshalt2004,p.7MNM0o0r i S
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Irwin (2013)also focused on the significant change represented by the appearance and spread

of pU i n Iseenalslevim, 1888)d a case study, Irwin highlighted the Pouto

Peni nsul a, | ocated on the northern Kaipara H
are |l ocated in the horticultural hinterl and,
Irwin (2013 p. 321)suggests that around the miielofthes e vent eent h centur vy,
were occupied on the peninsulaandthatmmokt t he pU recorded in the
AD 1800. This suggestion implies that at some point, the cultural landscape of Poutu passed
through a stress threshol d, resulting in a \
nineteenth centugs. Irwin hypothesised that the settlement system experienced some form of
pressureegitherinternal, such as the decreasing availability of horticultural land, or external,

such as competition from neighbouring populations, resulting in the need foceefem

regional levellrwin emphasised he bi | at er al kinship of MUor .
system of multiple rights to resources and land, highlighting that in both the North and South

|l slands, settlements were frequently occupi e
to resources overlapped on the ground, and mobility was high, resulting in fluid social relations

(see also Anderson, 1998; Ballara, 1998; Phillips, 20®6@)wever, regardless of the

c 0 mmu ndorhpysitien,Irwin suggestshatt hese pU wer evelgeihth@aded ¢
scale of defencereflectingthe scale of the polityThereforeas t he density of
social relations and political leadershypould have been impacteds settlements and

competition intensified in the north.

However, w bheonolodical arialgstefthe p Uocatedon the Pouto Peninsulais

closely scrutinisedi is clearhis interpretations are based on limited chronological evidence
Thirteen p PeniosolahavedeerPradintadaated each represented by a single
radiometrict*C date with large standard errors and calibrated age ranges*fheésées come

from terrestrial (charcoal) and marine (shell) materials and, as previously discussed, suffer
from precision issues associated with calibratit@ ages into calendrical tinteroughouta

period ofrelatively uniform *C production. It is also important to note that a sirfttfzdate

does not accurately reflecthe occupation history of a pU,
with strict stratigraphic and provenance controls to define a construction date. Therefore, while
thoughtprovoking his interpretatios would benefit greatly from further excavations and

chronological refinement.
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Later, Irwin (2020)i nvesti gated the history of pU on P
island of the inner Hauraki Gulf and is approximately eight km long and four km(sege

also Irwin, 1985) Despite its si z@3pUP@nTuhie Isstluadnyd esxuapl
spatiot empor al distribution of pU on the island
Irwin interpretsthéC evi dence to suggest that pU were
si xteenth cent ur y tructerncontinuiegumtisthe dadysninateenthocéhtury.o n s
Irwin (2020 p.59dal so suggests that the density of pU
in the eighteenth century, interpreting that the island's fortification was not incremental over

ti me. From this interpretation, &asosalgioupr opos
that resided at times in the vicinity, suggesting that the density of sites makes it likely that a
number were occupied contemporaneously. Ultimately, lavguesthat the occupation of

POdnui Il sland passed through a stress threshoa
the island was quickly fortifiedrwin (202Q p. 52)alsor el at es t he construct |
group leadership, with the sizetofh e used s a proxy for the scale of the communities that

built them(see also Buist, 1964) However, he argues that by AI
the landscape did not represent discrete territories of local groups. Social changes around this
time had shifted from single a p 1 t-bapiul tommunities (s oper
Anderson, 1998; Ballara, 1998; Phillips, 200@hich, asSissons (19883uggested, resulted

in a reordering of norther U o sodiety in the eighteenth centusgcause ofuch changes in

social organisation. The implication of thesmsideratons ugge st s t hat on P@n
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 organisatiofirwin, 2020)

Unfortunatelyas wi t h hi s st uldandlornw idoidesioms lacksofficie o u t o
quantifiable data to backhemupThe proposed P @nhased Quskd hr onol
radiocarbon dates associated with the construction of defensive bdSiksat t he pU on P
Again, a limited number oft“C dateswere collected from each siteeflecting the period in

which each pU was doweset, ashown feomh pravious investigatiopsi e d .
of pU within (eheGroBe}964ip 196511866; @ampdbell, 2008McCoy,

2009; Bedford2013) these pU ar e -phaselocchpations and wereblikely s i n g
occupied,abandoned, reccupied andemodelledover time. Therefore, a singféC date

representingthe fortification date of these sites is not an accurate representation of the
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occupation history. Additionallyheseradiometrici*C datesvereproducedrom charcoal and
shellmaterials andagain,suffer from CRA and calibratioprecision issuesee Irwin, 2020
pp. 45 55). Therefore, thes¥C dates provide limited quantitative evidencetpportrwinds

statements abopt Wonstructiorand occupatiom n P @n u i l sl and.

The Northland Archaeological Project (20@D13) was a multiyear research project aiming to
determine how warfare infl uen(seedJcGoy) €009 evel o
McCoy & Ladefoged, 2012; McCoy & Carpenter, 2014; McCoy & Robles, 201€)ng the

results of this researcMcCoy and Ladefoged (201@pnsidered whenn the pastconflict

most resembled the parameters described by Vayda (ITBié®)research focused on large

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

this analysis on theonstruction history of three fortifications on Urupukapuka Island:
Whangapau PU (Q05/86), | humata PU (Q05/87),

Firstly, McCoy and Ladefoged (2019) investigated shygificant periods ofp @onstruction
across New Zealanda the presencer absenceof’Cd at es on pU within th
time. To achieve this, thedividedthe country into arbitrary 37.5 Kmsections. Site continuity

was defined by the presence't® dates in the same grid in both centuries under examination;
abandonment as the presencé?afdates in the earlier century but absence in the next; and
expansion as the absence dates inlie earlier century but presence in the next. Using this
metric, McCoy and Ladefoged (201p9. 7) interpret early fortification construction between

AD 1400 1600 as overwhelmingly dominated by a process of expansion. In cobétasten

AD 160011800, later fortification usshowed 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 occupktalvever, these findings arebe expected

asp U ¢ o n shefareAD 1400al600 wadikely non-existentgiven current understandings

of the commencemenhe rod abgntimident arsl expansisbuidonty. W

be possible once pU had Himen established and

Despite thesimplistic nature of this metric, thpixtaposition between these two periads

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, Mc Coy and Ladefoged (2019) swugges
the expansion of the earliest fortifications (AD 140600) when populationsere increasing

in the North Island with new |l ocations mar Ke
warfare modelsd more sited for the reshuffling that appears to have occurred around AD 1650
when the expansion and abandonment of pU are

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 aff*information collated in the New Zealand
Radiocarbon Databagsee McFadgen et al., 2008jowever, most of ik historical**C data

has not been adequately assessgaterningsample provenangeample 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 shanlidbe indicative of an area rather

than having been definitively established fgpaaticular site. Further evaluating this dataset
through a process 6fC sample review (in relation to archaeological records associated with
each“C dateifavailable and a 6 c hr on o nfed., Spriggs, h9ggAndersend r e g
1991; Spriggs & Anderson, 1993; Schmidt, 1996; Higham & Hogg, 1@6ud)d improve the

quality of the datset a n d provi de a mor e accur at.,e repr
abandonment and expansioHowever, this process would also dramatically reduce the
availabledatasesize resulting in a lack of data to define specific areas, which reflects the state

of comprehensive archaeol ogi cal i nvestigatio

Following this spatial analysis, McCoy and Ladefoged (2019) tested hiipothesisby

focusing on regionadcale geospatial patterning in fortification construction on Urupukapuka
Island. A stratigraphic occupation sequerfoeWh angapau PU, | huwasat a PU
establishedising snall-scale excavatiatargetingspecificterracsand bankaat t hléese pU.
shoul d be not acrelatively compek ih formhexhébiéing midtiple terraces,
banksand ditchesTherefore, theseliscreteexcavation unitgrovide limited stratigraphic

controls that are used tiefine theenti,co c cupat i on s e Gevenneoestriafd e ac h
samples were collected from these exc-avatio
321108 and321107), four from lhumat® U (- ¥102a Bets821103, Beté821104 and

Beta321105), and one from the 4mna me d p U ( QBA108).4Utilising Bet a
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interpretations from these excavations and the resifihdatesMcCoy and Ladefoged (2019

p. 11) suggest that in the Bay of Islands, warfare in the era after sustained European contact
(AD 1769) is evidentinthedeui | di ng of pU fortifications,
construction at IhumatdJRQ05/87), and the remodellindentifiedat Paeroa B{Q05/39)(see

also Groube, 196 1965) They state that these activities specifically reflect the adoption of
defences to accommodate the intrdduc of musketsTheseconclusionsare supportedby
references to several other studies showing a lack of good evidence for conflict around AD
1500 and an abundance of evidence around AD &850 Phillips, 2000; Sutton et al., 2003;
Allen, 2012; McCoy & Carpenter, 2014; McCoy et al., 2014; Allen, 20H@&Wwever, the
precision oftheC datesc o | | ect e d if limited, exhibieng Ergepcélibrated age
ranges with multimodal distributions owing to their interaction with the calibration plateau in
the later eighteenth century (see McCol&lefoged2019, p. 7).Thereforethe chronological
evidencepresentegbrovides limited quantitative evidend® support McCoy antdadefoged s

conclusions

Despitethese challengesMcCoy and Ladefoged (2019ightly conclude that the onset of

endemic warfare requires a more nuanced view of the environment, culture, and historical
contingency, pointing to Barb@&r (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 avironment. Additionally,McCoy and Ladefoged2019 p. 11 suggest that the
inherently | ow spati al density of fortificat
ambiguity in many regions about who had the authority to prohibit the use of natural resources
throughother regulatoryneangi.e., tapuandrthui), and thathis ambiguity could have led to

even more conflictAs discussed, ars wererequentlyfought to restore marfallowing an

injury or perceived injusticef some kind (Ballara2003 p.26).

It is clearfrom these investigatioish at t he traditions of MUori v
time, andchanging environmental and social pressures influenced periods of competition and
conflict, fuelling subsequent g9eae Alendl1®®l, o f p
1996; Irwin, 2013; Allen, 2016; McCoy & Ladefoged, 2019; Irwin, 202@hen importing

these models to understand pU constructi on
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expect to see aomstriction tepreséntirmpaocess obekpansithto the

region during this period of cultural change. This expansion process would be closely
associated with population increasesgional migratiorand evolving social structurewith

the aim of consolidaing control of key rgional resource zoneSubsequentlyapplyingthe

work of Gumbley (2021) we would expect tsee additional waves f pU construc
redevelopment, and repair associated with the spread of the Waikato Horticultural Complex.
These waves would represent increasing economic and-galdical tensions relating to

perceived decreases in the availability of prime holtical land or increasing competition

from neighbouring populations.

2.2.4Considerations of Chronology

Thefirstlarges cal e revi ew of radiocarbon evidence

bySchmidt (1996) ut i | i sing an initial d%daes. Obtle of 1:
132 p U included i n t he dat abase, onl vy 54
archaeologically. Therefore, | ess than half

a complete(more than rudimentaryyinderstanding otheir occupation history. Schmidt

initially had to restrict this assemblage through consideratof sample pranance and site
history, resulting in 221 dates to deter mi ne
However, Schmidt also had to remove furtiférdates from the assemblage through a discard
protocol based on earlier 60c hr Spmggsn€l®88)i ¢ hy
Anderson (1991xandSpriggs and Anderson (1993J)his discard protocol resulted in just 60
acceptable dates being retained in the asse
country. Consideringtht over 7,000 pU are recorded natic
representation of pU occupation. Mor eover,
accumulation of shotterm events over time. Therefore, traciaghronological sequence
through the archaeol ogi cal features identif
approach and sizeabé “C dataset. Thighallengeis noted bySchmidt (1996p. 447) who
acknowledges that a singtC date is likely only a reflection of one e&veralfortification

episodes over time.
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Despite these | imitations, Schmidt proposes
1500 1550, with a maximum date range between AD 14@00. A spatictemporal
relationship between Grouiee ( 1970) pU classifications coul
analysis provided no evi derGmoebe @%/Optedoustyhe r e
proposedthatringi t ch pU were brought from the nort hy
Awa into the Taranaki and Bay of Plenty regions. Howeverpfidtpointed outhat neither

region has sufficient samprumberst o di stingui sh when pU0U were
regions.Similarly, Schmidt states that evear-removed regions, such as Tauranga and Pouto,

show similamperiods where fortifications were present, given the broad timescale of the results.

This similarity indicates that the precision required to establish the satiporal
proliferation of pU across the appoachdsroy i s
chronology building Therefore, the lack of concrete conclusions stemming ffoommh mi dt 0 s
work ultimately derives from a lack of precisiod t hough 1 mportant, the |

analysis havgenerallygenerated more questions than answers.

Unf ortunately, research focusing omsstudye chr c
has been limited, with investigatiopgmarily focusing on refining the chronological sequence

of pU from wi t(e.g.rButemeeat,i2d03; McCoye&d adefoged, 2019; Irwin,

2020) However, as discusseabove even these more recent studies have resulted in
archaeological interpretations of occupation histories that cannot be establisheahiified

by definitive 1“C data. The lack of precision assated with**C dating within the context of

New ZealanG short occupation history iprimarily associatedwith variation in the
concentration of atmospheftC. Thi s variation, referred to ¢
between radiocarbon age and calendar years, requiring radiocarbon ages to be corrected using

a calibration curve (see Sectidh2.). However, as exhibited in theurrent Southern
Hemisphere calibration curve (SHCal20), uniform atmosphé@idtevels are observed across
severakalendar periods around AD 1100, 1350, 1550, and, Ki8vn as calibration plateaux

(Hogg et al., 2020Due tothese uniform periods, even highecision(AMS) 1“C dates derived

from archaeological material that coincide with a plategult inlow-precision calendar date

ranges. Thismprecisionresultsbecause thé*C age of the sample corresponds to a broad
calendar periodThe effect of these plateaux can be mitigatiedthe application of larg€C

sample numérs and consideredBayesian chronological modellingHowever, the sample

numbers required for such an analysis are rarely apiolipdactice This lack of precision is
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particularlyrelevantwhen attempting to establish accurate and precise chronofogies p U, a's
the [ ast two calibration plateaux (AD 1500
were constructed and occupied.

Inconsistent applications &fC sampling strategies and analysis further compound this lack of
precision A majority of the'Cdat es deri ved fr omreatlilelyvoldr e sar
archaeologicaéxcavations at these sitésg., Irwin, B85; Bellwood, 1978a; Green, 1978;

Marshall, 1987; Irwin & Jones, 2004; McCoy & Ladefoged, 20%8)h modern excavations

at pU being rare. Thi s tsesehistodcali*Cdatasétshat wecer e at e d
producedbeforeadvancements in radiocarbon pedares and technology (i.éhe application

of AMS C dating utilising much smaller sample sizesd better sampling procedures).
Therefore, these historicHIC datasets are often affected by issues sudi-asilt age as the

material was not routinely identified to species levelvas not producedn shorilived (i.e.,

twigs) or single element (i.e., seeds)aterials(e.g., Bellwood, 1978a)Additionally, **C

samples were often restricted to terrestrial materials (charcoal and wood) owing to insufficient

data for the calibration and correction of marift@ datesincluding inaccurate regional sffts

using aDeltaRwithout sufficient varianc¢see Petchey & Schmid, 2028) Del t a R ( ®R)

|l ocal oOreservoir offsetd applied to the mar.i
for a specific location (Stuiver et al., 1986; Heaton et al., 2020b; Petchey & Schmidp2020

2). This reliance orbulk terrestrial**C samplegexhibiting CRAs with large standard errors)

also limited the availability of“C samples, restristg samplingto contexts where the
provenance or taphonomic | i nkcharcoal famisearthsg 6s ¢ G

the backfill of storage pit®r shell middenys

Ulti mately, these factors have |l ed to a sit
(using **C dates produced on samples collected from past excavataiesjon insufficient

14C datases at a sitéby-site leve) whereoften just oné“C dateis availableper site(e.qg., Irwin,
2013,20200 Even when several samples are availab
is uncertain For example, the chronology of Kohika was developsihg stratigraphic

evidence, tephrochronologsnd radiocarbon datingroposing a short occupation history of

less than 7080 years in the latter half of the seventeenth centdoyever, when thé‘C

dataset is closely scrutiniseskveral issues are apparenstkight“C sampleselating to the
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occupat i owerewlected froen varitiis structural contexts. However, four of these
samples suffer from potential issues ebimlt age (NZ6583, NZ6611, NZ6618 and Wk10292),
analysed on samples of unidentified specieklbuka post Additionally, one sample was
collected from marine materigNZ6580) affected bythe marinereservoirissuesdiscussed
above This results injust three viablé“C dates for interpretation, sampled from charcoal
identified within the backfill of a storage paind below a floor of clay silt and stones, and
charcoal interpreted as secondary vegetation burning outside the palisade d&fesreéare,
while well-consideredthe proposed short occupation histtasgely relieson archaeological
interpretatios of thestratigraphic evidence and OxCal modelligtart andend boundaries)
with limited “C evidence anchoring the chronology.

Furthermore, even when more modern excavations are conducted, such as those conducted at
P o u UR {Usee Marshall, 1987; Sutton et al., 2Q0B)e scale of these excavation®ften

limited in scopec o mpar ed to the si zerelydngdn aclmeodgicalx i t y
interpretations and assumptions to link discrete excavation areas into a complete occupation
history for the site(e.g., Sutton et al., 2003 pp. 1899) Only 11 *C dates anchor the
chronology ofPou UR Wi,a i ncl udi AQdate teprésenting the entigety of the
0defenceb6 period (sampled from one discrete
single }C date recovered from a defined areblgical context is a poor representatioraof

defined periodo f  aoccypdlion especially one such ®@ou UPW,a wi th evi der
extensive terracing and defences that were likely constructed, repaired and modified over time.
Furthermore, all elevelfC dateshave standard error rangesmobre than 3%ears(z 36i 60
years)resulting in broad calendar date ran@@stton et al., 20Q3p. 189 199). This results

in several statements about the occupation sequendbdh¥E evidence cannot quantifnd

support

More recentlyHogg et al. (2017nvestigated the potential of applying highecision AMS
wigglemat ch dating (WMD) to pr eseHoggdal§28l7)i sade
recognised that systematic chronol ogi cal i nv
by the problems of the historical approaches discussed above. Wésllsed 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 effontgdentifying 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 relmeestibations

at OtUhau pU identified a series of palisade
in the stream approximately2 m from the bank. Thesa situ posts formedoth distinct

single and doubleows of palisades. Seven posts were extracted and sampled for analysis,
resulting in three WMDs. The results of this asaydated the construction of the palisade
defences at Ot Uhau pU t dlelZ00d(AD 1768e+dbat 5% i nt d L
probability).

The chronological approach implementedHngg et al. (20170emonstrated for the first time

that accurate cal endar aninersalerdamerrorsptbat directy be g
relate tosinglephase archaeological events (itee construction of a palisade). Notably, the

results show WMD can produce calendar date ranges within the scale of a single generation (<

25 years), allowing fingrain archaeological interpretation of the occupational history of the

pU and iohwiththesbsoaderiamthaéological landscape and traditional history records

(e.g, MUowhiak apapa, or al traditions etc.). As d
represents a significant advance in archaecégcience in New Zealand, demonstrating the
potential for WMD to revolutionise our under
The improved accuracy and precision resulting from this dating techniga¢hlegpotential to
clarify the history of pU construction and ¢
the environment al and soci al processes affe
Sectionl.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 TheoreticalConsiderations 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 archaeotegaral provide an
opportunity to explore beyond the realm of ethnografigiley, 2007 p. 198) Cartesian
interpretations of time assume that objects have both a position in space and a trajectory
through time independent of other obje¢koldaway & Wandsnider, 200&. 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 processese visible(Schiffer, 1976, 1987; O'Briag 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 recor(Rossignol & Wandsnider, 1992; Stahl, 1993; Zvelebil, 1993; Stern,
1994; Ramenofsky & Steffen, 1998; Lock & Molyneaux, 2006; Bailey, 2007; Holdaway &
Wandsnider, 2008)

Research focusing on the influencedbjectivet i nften@ as constructed or measured) in
archaeology centres on tepatiotemporalproperties of th@bserved evideng¢eonsidering

how datasets are interpreted through temporal scale and resolution to constrain or expand
specific research questiofSee Ebert, 1992; Rossignol & Wandsnider, 1992; Stahl, 1993;
Zvelebil, 1993; Stern, 1994; Ramenofsky & Steffen, 1998; Lock & Molyneaux, 2006)
Objective timeheoiesfocus on the longerm nature of the archalegical recordhighlighting

the unsuitability of interpretive models drawn from skertn observation and ethnohistory
(Hull, 2005 p. 354). These discussions derive from previous explorations of site formation
processesge.g., Schiffer, 1976, 198 4nd causation concerninggmporal scales and rates of
change(e.g., Bailey, 1981, 1983, 1987; McGladE95b, 1995a)UIltimately, 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 datgseg., Stahl, 1993; Ramenofsky & Steffen, 1998; Murray,
1999; Lucas, 2005)

In contrast, considerations dbubjectivet i m(ente as experienced by individuals) are
primarily developed through social anthropatajtheory, focusing on the temporal awareness

of past peoples and how time was conceived and experienced by individuals and cultures.
These exploratiors of subjective timehighlight how these concepts may contribute to the
behaviours archaeologists seek to unders{@e#® Shanks & Tilley, 1987; Bradley, 1991,
Cooper, 1993; Deitler & Herbich, 1993; Zvelebil, 1993; GosdE394; Thomas, 1996)
Advocates ofsuch an approachre critical of applying a multtemporal perspective in
archaeology, rejecting the idea that subjective and objective time can be reconciled through
varying the scale of analygis.g., Shanks & Tilley, 1987Unfortunately, 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 communitieperate on disparate timescales, and all sshlesld be
consideredvhen exploring thecausality behind cultural chandBailey, 1981, 1983, 1987,
2008) It is important toreiteratethat these processes may operate independentlytgdue
variety offactors) ananaybe imperceptible withishort timespans (i.e., one generationless
specifically sought and measured with high precisigtull, 2005 p. 357) This
imperceptibility inherently limits our ability to recognise and deal with the analytical
challenges posed by palimpsedsiley, 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(#mschuetz et al., 200p.

160). However, the observed archaeological record is seldom presengedear angdrecise
sequence of depositional eve(@nford, 1980; Schacht, 1984; Stern, 19%nd time depth
results in the accumulation and potential loss of successive interactions, resulting in a
palimpsest (see Secti@l.]). 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 reworked, resulting in the possible erasure of earlier trdagsas, 2005p. 37;
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Bailey, 2007 p. 203) Ultimately, palimpsests limit the observability of distinct activites
eventsby imposing an incomplete record tltannot beeadilydistinguished in time.

Palimpsestsn the archaeological recomhn be understood in various ways, specified by the
nature of the relationship between the processetepbdsitionand disturbancgsee 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 ofanarchaeological site essentially starts anew, severing all connections between the
past and present. In contrast, cumulative palimpsests occur when successie<se|oif
deposition, or layers of activity, remain superimposed, resulting in an archaeological record
that is reworked and mixed temporally, making it difficult to sepaaateobservéhe 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 sequenceftesn challenging. Consequentially,
archaeologists often use the teonp a mp ® elefinedeposits that are difficult to resolve
chronologically, whether due to poor temporal resolutioimairedstratigraphic 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 onatbemulative 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, 201Q) Therefore, the disentanglement of observedmadests provides a means to
understand how different aspects of assemblage formation pertain to establishing the temporal
scale of an archaeological s{®&ullivan, 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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3.1.1Time Perspectivism

Bailey (1981 p. 103 i r st descri bed ti me perspectivism
bring different features of behaviour into
Few archaeologists would deny that the past can be thought about at differenarsdales

different questions come into focus depending on the analytical lens empttarers, 2017

p. 2) Thus, the application of scale in archaeological research has occupied a prominent place
in thediscourse when seeking to wrdtand and explain change in the archaeological record,
whether explicitly or implicitlye.g., Lock & Molyneaux, 2006; Robb & Pauketat, 2013; Harris,
2017) Two principal ideas underpin this theory. First, changing dheervation scale
(particularly the timescale) changes what we observe in the archaeological record. Second,
structually the archaeological record is inherently a palimpsest, and the coarse resolution of
the material determines what we can or cannot know about théspastlso Ramenofsky &
Steffen, 1998) However, rather than being a limitation, the theory of time perspattivi
approaches this lack of resolution as an opportunity to focus on scales of phenomena not
available to ethnography and the study of predagtprocesses 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 explarét@daway &
Wandsnider, 2008p. 2). Each scale of examinatiaxplores thenterrelationship between
natural and cultural timescales and the processes which underpin the formation of the
archaeological recordWandsnider, 2008) When expressed this way, Baifey(1981)
definition highlights how processes operate independently of the obsertlertheiadded
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 (resolutiofBailey, 2008 p. 14) These two aspects are
inherently linked, as large higlesolution 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 terspans. However, this correlation is not absolute and is

primarily defined by the temporal conteftthe 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 observe(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 obselaerpatterngcf. Renfrew, 1981)Bailey

(1983 p. 186 x panded on these themes, devel oping t
rather than time as process, highlightirmgvidifferent observers incorporate time theory into
their research t hr ough, cahnitifvef ecomceptual, psydhologieal, st r u
cultural, or cosmological). This conception of time exposes the contrast between
Aenvironmental i sto (ecological and environm

approaches to time, relating the former togidime scales and the latter to shtinte scales.

This conception of time is the foundation of critiques suggesting time perspectivism is just
another extension of the Annales approach to hig@mtliff, 1991; Harding, 2005) The
Annales approach, as championedBrgudel (1972 1980) is critical of traditional history
written as a simple sequence of events. Bra(ld12) definedthree specific timescales over
which historycan be examinedhe long, medium and short term. The long term, or longue
durée refersto overarching glow-moving) processesuch aenvironmentthe mediurderm

refers to social or structural historggvering concepts such persistensocial or economic
organisation formsand the short ternrelatesto specific events oractions byindividuals
(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 ti{seght
Hodder, 1987; Bintliff, 1991; Knapp, 1992; Gurevuch, 1995; Last, 1998)vever,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. 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 therattadydisan
defining the event by the overarching temporal structBedley, 2007,p. 202) Critically, as

also pointed out byHarding (2005 p. 95)the wayin which these critics have interpreted

Br audel 6 sonsdprgachiiraeschle astructuralrather thannherant to the activities

that form themplacing the composition of history outside the processes that produce it
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The juxtaposition between lostgrm (environmental or ecological) and skerm (social)
processes is also the foundation of critiques from the-grosessual wing of theoretical
archaeology, suggesting time perspectivism is environmental determinisecotogical
functionalism by another name, ignoring social and cognitive variables agesmothoised

(Tilley, 1981; Shanks & Tilley, 1987; Thomas, 1996; Robb & Pauketat, 20i@)ever,

Bailey (2007 p. 5) addressed this critique by reiterating thateimperspectivism does not
remove consideration of social factors from the long term. Instbadheoetical approach
guestions the appropriatenest theories and conceptdrawn from social anthropolog

cultural geographers, historians and sociologists, apyroach the historical recoftbm

different contexts, scales and types of evidence.ditiesence s hi ghl i glil®83)d i n B
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. 182ktipulates that ir relative influence and the nature of their
interaction with the archaeological record might differ depending oolibervation scajend

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 approagkee Stern et al2002; Wandsnider, 2004; Hull, 2005;

Holdaway & Wandsnider, 2006; Whittle & Bayliss, 2007; Altizer, 2008; Sullivan, 2008;
Wandsnider, 2008)in one such applicatioWyandsnider (2004gritiqued approaches to the

study of Mediterranean surface archaeology, describingpan di t i on of omul ti
di sorder 6 with two <cl ear cregionalesetilemant pattera or et i
paradigm focused on functional and processual approaches and d4empliral paradigm

fixated on formational approach&¥andsnider (2004uggestshatthe application of regional

settl ement pattern -tstmedesundwoicasald ampmprao adkf
flawed. She submits that this approach does not deal well with the complexity identified in the
archaeological record, utilising intensimonsite methodshatdocumentaphonomicrariation

to pursue functional goals that do not satisfactorily assign meaning to the varied archaeological

| andscape. Il nstead, Wandsni der argues for a
highlighting time perspectivism, which offers an underditag 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 5%). &bvocates for

archaeologists to take a medttalar appmach, examining changeswithin the longterm
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structuresof the archaeological recotw/ focusing on the accumulatetiaracteristics of the
material assemblage

This multiscalar research strategy approaches archaeological assemblages by narrowing or
widening the observation scale. Bailey (2007) refers to this process@sithec r o th@ pi ¢c 6
0 ma c r o geadenxiesc ©he&microscopict e n d eshriokg dhe focus of the research
guestion, working down through successively smaller scales of analysis to the levels of
individual actions, beliefs, and social interactions. Converselyptheacr oscopi ¢ t en
broadens the scope of analysis, placing phenomena idemiwg perspective of lareggeale
comparison. Changing the scale of analysis in this way makes the data more amenable to
interrogationby applyingdiffering 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.
Therdore, no one type of scale is the best, and the analysis approach should be tailored to the

temporal resolutio of the dataset and the applied research questions.

Hull (2005) demonstrated how disparate concepts of time can be reconciled through a
perceptiorbased approach to time perspectivisimgadening the scale of analysiem the
minimum (microscopic) scale of the average human lifespan. Hull investigated how processes
affecting culture operate at different timescales using hgattrerer remains from Yosemite
Valley in California. Tls casestudy demonstratehow archaeologists caxplorepast change
ratesto determingoerceptions ofheseprocessesgor lackthereof) utilising multiple analytical
scales to identify theariableghat define culturethrough cause and effed@thisapproachuses
considerations ofuccession, duration, simultaneity, and pace of evemectmcile objective

and subjectiveime and examinethe overarchingprocessresponsible for cultural change
Critically, the relationship betweerthe long and short temporal viewsnhancesthe
interpretatiorof both scalegdull (2005,p. 374) notes that while Bailey (1983) did ritially
explorepotential methodologicahpproachefor multi-temporal analysis on shorter time scales,
his consideration ofpast behaviour as product of different processes indicatdbe
applicabilityof a narrowfocus. Hull champions the time perspectivism approach and its ability
to reveal distinct, overlapping trends that likely relate to various phenometfeeandfluence

on disparate temporal scales, and concludes that if archaeological analysis ignores a multi
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scalar approacht can be atisk of simply observing (i.e., succession) rather than explaining
(i.e., process) these phenomena

At the same time, Lucas (200%p. 8Bi49) criticised time perspectivism through his
distinctions betweerd ¢ h r o n otime @hjectiad tine) and r etimé @arrative time).

Lucas reiterates howchronologicaframeworkof numericaltime inherentlyemphasises time

as a succession of unilinear events. Luaagues thasuch frameworks ultimately lead
explanations with a similar structuteacking progressive evolutionary stageslevelopment

from primitive to advanced, enlightened by the positiontted modern observer. Las
describeghese approachess a totalising grand narrative that legisesthe power of those

who promote it. In contrastucas (2005, pp. 4B0) suggests narrative tineanphasises 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 200801Q 2012) When reflecting on the two competing ideologies of time

as applied to archaeology (objective and subjective), Bailey (2008) tatetheoretical
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 scaled, archaeologists risk missing
overarching controlling processes by ignoring possible lesgale processes on the grounds

of determinism.

Following these critiquesBailey (2007 p. 201)clarified his definition of time perspectivism

by redefining fourcrucialideas: 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 subjectiveBailey (2007 p. 35) argues that the contrast between téak and

o6nar r atiswdy ovei-smmpliied and confuses reference to a structured chronology
with chronology as a form of temporal interpretation. The premise of this argumentisitigat

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 recognisediffeagnt kindsd

of time can be found in all societies atidit when exploringhese conceptsarchaeologist
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must still consolidateobservations of the archaeological rectwdscientific chronological
frameworks(Gardner, 2001; Harding, 2005; Lucas, 2008; Herzfeld, 208a¢h work has
drawn on similar debates in anthropology to produce accounts of temporal expevigcbe
are multiscale and pluraligiGardner, 2012p. 147)

Three more recent case studies have since been published utilising Bhiémystical
approach (i) Epp (2010)applied time perspectivism in their study of three Mennonite
cemeteries in York County, Nebraska. This case study provides an example-téish@ctale
change, using headstone inscriptions and decorative motifs, highlighting the Mennonite's
transition fom Standard German to English. @ardner (2012studieda RomaneBritish
farmstead in the Cotswoldspnsideringpalimpsests and aggregatesexamineoverarching
patternswithin the archaeological recqrdemonstrating the o mmu n vatieg tempogsiand
temporalities of actiamacross timeGardner's approach included considering sporadic and
continuous change events in the archaeological record due to outside economic and structural
shifts (iii) Rzepecki (2014)analysedtwo Polish megalithic tomhsSarnowo 1 and

S wi e r ¢ regvalwaikg these sites anulti-phased cumulative palimpsesgardner found

that while both tombsexhibited defined style variations they also showed evidence of

sustainedunerary meaning over the long term.

New Zeal anddbés short chronology provides a u
through a time perspectivism approach, as it exhibits a limited time depth for palimpsests to
form when compared to archaeological landscapes worldwide. Howevepalingpsests
encountereavithin New Zealan@ archaeologicatecordare still distinct and aranherently

created within very narrow periods.g., one generation)These palimpsestshallenge
archaeologists, as the temporal resolution required to dmsgatthe sequence of observed
activities and events calls for a precision thas historically been beyond the capacity of
previously applied approaches. As discussed previously,-gfaieed chronological
development in New Zealand has been hampered by several persistent issues, resulting in a
temporalresolution too imprecise to provide meaningful interpretations of the archaeological
record. Thisimprecision hasparticularly affected attempts to seriatgp U or track
proliferation over time at local and regional scales. However, with the appropriate application

of modern higkprecision **C 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 outlinedin Sectionl.2, the research presented here aims to investigate the construction,
devel opment and proliferation of pU in the
approach. This approach is applied through three objectives focusing on different scales of
analysis: Event, Local and Regional. Ultimately, this msttalar approach identifies events,

actions and behaviours within a defined timespan, allowing the lived experience of the people
and communities occupying this pU to be | in
broader environmental and cultural landscape. These processebsanwedas the scale of

analysis broadens, focusing on a longer timesdatghlighting how theinfluence of these
processeshifts and evolvesvhich is captured in th@chaeological record.

3.2 Radiocarbon(C) 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 frameworKLucas, 2015)Beforet he advent and devel opmi
chronologies (based on absolute measurements of time), the past was descReedfrdwy

(1973)as fAchaotico, with chronol ogies primari/l
through stratigraphy, typologies and seriations between(sgesPiggott, 1954; Childe, 1957;

Thomas & Ehrich, 1969; Renfrew, 1973jowever, the invention of radiocarbon dating by

Willard Libby and his colleagueArnold & Libby, 1949, 1950; Libby, 1951provided a

method fordevelopingndependentriumerica) chronologies for disparate archaeological sites

and events in time. ThE¥C dating method enabled archaeologists to examine deposits and
associated events independent of typology, with chronological frameworks anchored using
measurements of‘'C, resulting in a range of new research hypotheses and paradigms that
restructured our understanding of prehistoric archaeology around the (@ayld Renfrew,

1973; Manning & Weninger, 1992; Needham et al., 1997; Manning et al., 2001; &haign

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 rougtabally, with the advancement of modern

14C techniques described as some of the most significant advances in archaeological science
(see Manning, 2014 for reviewin 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 he calibration datasets that convé@ age to calendrical time, and the development

of statistical methods of analygRenfrew, 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; Bonk Ramsey, 2008; Bayliss, 2009; Bronk Ramsey et al., 2010a; Steinhof, 2016;
Kruschke & Liddell, 2018; Hogg et al., 2019a; Hajdas et al., 2021; Reimer,.2822)ark
(1970,p. 38) statedi**C 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 boundaes

3.2.1Basic Theory

The ¥C dating method is based upon three empirical observationpradaction ofnatural

1C in the atmosphere, itdispersalinto the biosphere through photosynthesis, and the
exponential decay of'C in a sample after it is removed from the carbon cyeée Bronk
Ramsey, 2008for a complete review)Natural “C is a radioactive isotope of carbon
continuously generated in the upper atmosphere thnoeigtnon bombardment, resulting from
the interaction off“N with cosmic rayinduced neutrongPandow et al., 1960}C atoms
rapidly oxidisein the air and enter the global carbon cya&CO, (Aitken, 1990) The
production rate of’C is relatively steady (though not constant) and is influenced by the influx
of cosmic rays, solar acti vi t(QBreem tO79% Vogel str en
et al., 1986; Vogt et al., 1990; Masarik & Reel995; Masarik & Beer, 1999; Channell et al.,
2000; Laj et al., 2000; Beer et al., 201%Yhile the global*C production rate has been
estimated by modelled reactiof@'Brien, 1979; Masarik & Reedy, 199&hdby calculating
from current concentration$uess, 1965; Damon et al., 1978)empts to directly measure
the production rate df'C have produced varied resufsee Bronk Ramsey et al., 2000n

the timescales generally consideiadarchaeology!*C production is assumed to be fairly
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constant. However, shetérm production events resulting from individual events can have

significantimplications(Damon et al., 1995)

Shortterm?“C production fluctuations from individual event( production variationse.g.,
supernova®r ameliorating variations, e.g., from changes in solar output, geomagnetic field
strength, or from the global carbon cycére known to have generated skerm wiggles in

the radiocarbon calibration cur¢Bronk Ramsey, 20Q0%. 251) Several of these events have

been observed and measu(ede Voelker et al., 2000; Wagner et al., 2000; Laj et al., 2002;
Hughen et al., 2004b; Miyake et al., 2012; Miyake et al., 2013)0f r el evance ar
event so, which ar e c hyear teaptiretheiceneedtrationydfCsiru d d e n
trees, as well as berylliwt0 and chloring6 in ice sheet@Miyake et al., 2012; Miyake et al.,

2013; Jull et al., 2014)Thesource of these phenomeisastill debatedHowever, supernovas

(Miyake et al., 2012) or solaffects(Usoskin et al., 2013) are considered the likely calise
observation of theseventsdemonstratethe potential for shoitierm variability of atmospheric
radiocarbon and the subsequent implications for calibrating calendar age. Therefore, the
necessarygonclusion from the production process is that while it is assumed to be constant, it

can also fluctuate ovarioustimescalegBronk Ramsey, 200®. 251)

Radiocarbonis distributed through th& a r tatmoéspheric, terrestrial, and marine carbon
reservoirshby the global carbon cycle. Around 90% of L r esi des i n the wo
which can be further divided into three zones: surface, intermediate, and deep ocean zones. The
marine reservoir contains a variety of carmmmtaining inorganics and organics, including
various classes of carbonates ammhtbonates, dissolved organic carbon (DOC) compounds,

and marine organism@aylor & BarYosef, 2014ap. 32) Carbonis incorporated into the

main atmaepheric and aquatic carbon reservoirs via photosyntli€aydor & BarYosef,

2014b) In simple plantorganisms (e.g. algae)he proportion of radiocarbon provides a
snapshot of the reservoir in which the organism livedhe case ofdngerlived plants(e.qg.,

trees) this'“C signature is captured withihe cell's cellulose. As those cells die, their carbon
exchange ceasggroviding arecord(i.e., tree ring)of the ambient radiocarbon isotope ratio

over a more prolonged peri¢Bronk Ramsey, 20Q%. 253) Animals ingest“C via thefood

chain whilereleasng a portionof *“C through respiration and excretiddltimately, 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 witl{Biraek Ramsey, 200®. 253)

Radiocarbon decay occutwough beta decaBronk Ramsey, 20Q0%. 254) emittinga beta

mi n ui$ or Gefatively charged beta particle (electron) from its nudteésrm *“N and an
electron antineutrino. Like all radioactive decay, this is a random process which can occur at
any time from formation. Fol*C dating applications, the fundamental constant that permits
age calculatiobased on a measurement of a resiéit@toncentration in a sample is the decay
constant or halfife of 14C (the time takerfior 50% of nuclei to decay). This hdife is often
guoted as two different values. The first is 5568 * 30 years, establisheddsikemeir et al.
(1949) The second is the Cambridbelf life of 5730 + 40 years, which is considered a better
overall estimatéGodwin, 1962)It should also be noted that the Decay Data Evaluation Project
has more recently established the tiédf at 5700 + 3qBé et al., 2004)However, the critical
aspect of radiocarbon decay is that oft® has been locked into an onggm from the
environment, and the organism dies, the proportion of radiocarbon will drop exponentially at a
rate that ientirely independent of any chemical or physical conditions, and this drop can be

measured accurately resulting in a radiocarbon (@atank Ramsey, 200$. 254)

3.2.2Calibration

Soon after the method was developed, it became clear that radiocarbon measurements and
calendar years are not directly correlated due to variations in past atmostihiels (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 Retifiggw, 1973)
Atmospheric“C levels are affected by a variety of complex factors which cannot be modelled
mechanistically. As discussed above, thasgdude solar cycles and storms, geomagnetic
variations in theEarth, unpredictable uwelling of old carbon from substantial reservoirs
(oceans), and human activity such as atomic bomb testing and release of old carbon in fossil
fuels (O@rien, 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 ag¥€(ages) into calendar time requires meastif€d
concentrations from the dated materiahtwuratelyreflect atmospheri&*C levels during the
period of growth(Hogg et al., 2019ap. 1265) Without this correction, radiocarbon ages
cannot be directly compared to historical dates or ages measured by other nfetpods
dendrochronology)Therefore, the calibration curve lies at the foundatiori®@tating and its
application. For the periods where it is possililee main backbone of calibration is
dendrochronologically dated tree rinReimer et al.,, 2020yan der Plicht et al., 2020)
Dendrochronologially datedree ring sequences offer unsurpassed accuracy and restution
atmospheric*C levels when developed frona reliable treering chronology and if the
pretreatediated fractioraccuratelyreflectsatmospheri¢“C concentrationduringthe time of
growth (McCormac et al., 1998aThis situationhas resulted in a long history of calibration
datasets developed using these records, which have evolved insesgpomovations and
updated datésee Reimer, 2022r a complete review)

3.2.2.1The Evolution of Calibration Datasets

Hesselde Vries (1958, 1959)vas the first to convincingly demonstrate tlinospheric
radiocarbon concentratioraried by up to 1% over the last 400 years, which was previously
hypothesised bBuess (1955)Throughout the 1960s, variations in tHE€ time scalevere
documentedia 1*C determinationsn dendrochronologicallylated wood, includingree ring
chronologiesobtained from giant California sequoi&gquoia gigantéa European oaks
(Quercus spp and bristlecone pind’{nus longaevp(Ralph & Struckenrath, 1960; Willis et
al., 1960; Stuiver, 1961, 1965; Suess, 1965; Stuiver & Suess,. T¥68Yyesearch identified
that the *C dataexhibitedtwo types of cyclicity: a major trend of loige r m &6 si ne
characteristics (Suess effect) and medium to gkam fluctuations of various durations (de

Vries effects).

Pivotal to this early work was research conducted by Hans Suess, who developedrawand
calibration curve usi ng a (Soese, A964H 190 hel e d
developmenbf the bristlecone pine chronology was particularly influer(fi@rguson et al.,
1966) as it extendedadiocarbon calibration from 4100 BC to AD 15(Buess, 1967)

Building on the bristlecone pine chronology, t&ibration curve was extended from 5400 BC
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to the presenby Suess(1970) However, at the ti me, Suesso
overwhel mingly accepted, with sever al criti
structure(see Burleigh et al., 1972; Adams, 1973; Switsur, 1973; Damon et al., 1974; Ralph et

al., 1974) These critiques culminated in a reviewRenfrew and Clark (1974Who examined

all previously developedurves andcalibration methodsind found all to be statistically
unsatisfactory(see alsoWendland & Donley, 1971Clark, 1975) It was not until the
devdopment of highprecision gas and liquid scintillatispectrometerghat the structure of

the calibration curve wdsirtherrefined(Pearson et al., 1977; Tans & Mook, 1978; de Jong et

al., 1979; Pearson, 1979; Stuiver et al., 1979; Stuiver & Quay, 1&&t)rming the existence

of the Suess$ype wiggles.

The 1980saw adramatic increase in the numlzdravailablecalibration datasets and curyes

including the first officially recommended-tecadal curve@earson & Stuiver, 1986; Stuiver

& Pearson, 1986)These curvewere primarily basedn measurements dfish oak tree ring
chronologiegqPilcher et al., 1984and trees from the western U(Stuiver & Becker, 1986)

These developments resultedhie atm20 calibration curve fterrestrial samples implemented

using the computer program CALIB (Stuiver & Reimer, 19&B@schger et al. (1975) also
developech 60 gl obal 6 mar i ne @ceahaimospltete box modeliththey e u s i |

atmospheric curve as input a@@uiver et al., 1986)

The 1980s concluded with a review conductedibghison et al. (1989who investigated the
1986 calibration datasets, methods and programs. This review resulted in the further
development and application of Bayesian calibration models, initially develod#ackyet al.
(1991)and later refined using probabilistic methods for calibratitaiver & Reimer, 1993;
van Der Plicht, 1993; Bronk Ramsey, 19%png with a new statistical framework for dealing
with multiple*C dategBuck et al., 1991; Buck el., 1992; Buck et al., 1994; Christen, 1994;
Christen & Litton, 1995; Buck et al., 1996Vhen theseeomputationaimethods were first
developed, evemelatively small modelsusedconsiderable computing powespurringthe
development of purpodauilt calibration statistical packages such as OxCal, BCal, Calib,
DatelLab Bpeat,and Bacor(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 updatdsee 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., 1998khe first meeting of the IntCal Working Group (IWG) in 2002
determined ariteria for datancluded within the plannebhtCal04 calibration curvéReimer,

2004) Additionally, a random walk model ag chosen as the new statistical method for
calibration, accountinfor the uncertaint of the samplés calendar and*C ages to calculate

the curve (Buck & Blackwell, 2004) A preliminary Southern Hemisphere atmosphere
calibration curvevas alsaestablishedSHCalO2McCormac et al., 2002)vhichwas extended

to 11,000 cal BP usinipeIntCalO4 curvdreering data ané modelledSouthern Hemisphere
offset(see also McCormac et al., 2008)nce this first meeting, the IWG ha®vided updated

14C calibraton curves at senmiegular intervals.Continuing updates are required aew
datasetsire made availablend @ our understanding of the natural fluctuations'i@ in the
atmosphere and oceainsproves 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., 2028 latestalibration curveterations are
IntCal20 (Reimer et al., 2020Marine20(Heaton et al., 2020pand SHCal2@Hogg et al.,

2020)

3.2.2.2Southern Hemisphere Calibration
Currently, SHCal20 (Hogg et al., 20203 the onlyatmospheri¢*C reservoir recognised for

dating preAD 1950 terrestrialmaterialin the Southern Hemispher&he need for separate
hemispheric calibration curves derives from abserved offset in atmospherict*C
concentrations between tiNorthern(NH) and Southertdemisphere¢SH). This offset was
recognised via observations dépleted*’C levels inmeasurements @&H tree rings which
exhibitedolder valuesompared to the NH's contemporaneous trees(ingrman et al., 1970;

Vogel etal., 1986) Continued research has shotat the north/south (N/SJC 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 36G-y2% (Hogg et

al., 2020).The N/Soffsetis proposedo resut from a higher seair **CO; flux from themore

immenseSH oceangRodgers et al., 201G oosse et gl2024).
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The first SH calibration curve (SHCal02) was publishedisCormac et al. (2002fomposed

of dendrochronologically dated tree rings from New Zealdrasmania,Chile, and South

Africa for the second millennium ADAt that time, acorrection value of 41 + 14 yrs for
IntCal98 wasused for theeriod outside this randS&tuiver et al., 1998ajor the 2004 update
(SHCal04)by McCormac et al. (2004)he SHCal02 datasets were extended to 11,000 cal BP
through a random effects mod@uck & Blackwell, 2004)tha accounted for the slow
variations of the interhemispheric offset over time. However, the possibililgrgescale

carbon reservoir changes that may have altered the interhemispheric offset before the Holocene
limited the calibration of samples older than 11,000 ca(iBéyg et al., 203).

The 2013 update (SHCall3) alstilisedthe datasets incorporated into SHCal04 frarbGD0

cal BP, with the addition of ANSTO Huon data from 3235 cal BP(Hogg et al., 2013a)
SHCall3 was also extended with the inclusion of Waikato kauri, Huon and modified CAMS
Huon dataset&Zimmerman etl., 2010; Hogg et 812013a; Hogg et 3l2013b) Additionally,
SHCal13 was constructed using a Markov chain Monte Carlo (MCMC) implementation of the
random walk mode(Blackwell & Buck, 2008; Heaton et al., 2009; Niu et al., 20I3)e
random walk model incorporates an approximate Bayesian method that cessldéional
aspects of the component data, such as the potential uncertainty in the calendaolages
determinations, and that many tméeg observations related to multiple yearsnatabolisation

(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-mvagjgleéng or
paleoclimatdie-pointing(Heaton etl., 202@, p.882). However, the random walk method did
have several limitations. Firstly, the method was slow to run, requiring many highly dependent
parameters. Secondlgssessing whether the MCMC had reached its equilibrium distribution
was challengingThese 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., 2020).

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

errorsin-variablegHeaton et al., 2020a; Hogg et al., 2020; Reimer et al., 208@)Bayesian
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spline construction method creates a calibration curve based upon -affragéveen the
quality of thec u r ¥itéodhe calibration datasets and its roughness/wiggliffesisner, 2022

p. 532) This penalty on roughnebmits floverfittingo and thepotentialintroduction offalse
variability. An additive error ternwas also includeddealng with any potential additional
variability in observed tredng *C measurements aneéxplicitly recognising rapid
atmospheri¢“C change eventg.g, Miyake et al, 2012; Miyake et al, 2013. Therefore, the

main difference in applying SHCal20 to previous versions of the SH calibration isuthes
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 obsef@d
determinations beyond that occurring in laboratory measuregfideaton et al., 2020 p.859).

3.2.3Accelerator Mass Spectrometry (AMS)

The measurement of radiocarbon is inherently restricted by its low abungdaciag a

statistical limit on the precision of any radiocarbon date. This problem is highlighted by Bronk
Ramsay (200&. 258), who states that for a measurement with an overall precision of 25 years
(0.3%), you need to have at leastadt oms present , i mplying 2 ¢€g
about 10 e€g C for a sampl e t techrtiquasseatuleménd 0 vy e
stage aims to accurately measure the isotape with high precision (Bronk Ramsey, 2008,

p. 258) Over the past 50 years, there has been a steady improveii€ndaing measurement
methods particularly regarding precision and cost efficiency. Until the late 1970s, the sole
technique for evaluaty the *C concentration ratio in a sample was by measuiisg
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 spectrometera/ere developee.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) fodirectly detectingadiocarbonBronk Ramsey, 20Q0%. 258) AMS
combiresmass spectrometry with an acceleratomeasurésotopic ratioqLitherland, 1980;

Allen, 1987; Synal & Wacker, 2010n a“C sample, negative beta decay, monitored over

several weeks or months, will occur in onlyiry fraction of the'*C atoms presenDecay
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counting systems infer the concentratiort4ef 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 ratitf€ otlative to'*C and!?C,

comparing that value with tHéC/AC 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 samlesylor, 1995) openinga range of new
research questions which previously were beyond the reach owing to available datable material
being too small or preciousee Damon et al., 1989¢onsequently, AMS technology has
permitted the measurement of very specific target organics containing trace amounts of carbon
(i.e., individual seedgollen speciesspecific molecular weight fractions, single amino acids,

or a specific protein isolated from samples of bone or teeth). Ultimately, this technique has
resulted inanincreased 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, 200%. 258) As described bidarris et al. (1987)the development of AMS

has fundamentally transformed our urglending of early plant domestication, the spread of
anatomically modern humans, and the population of the New World. AMS radiocarbon dates
now dominatanostarchaeological angaleoenvironmentathronologiegsee Bayliss, 2009;

Hajas, 2009; Kuzmin, 2009asalmost every site produces numerous datable samples (and
where possible, singlentity samplesjAshmore, 1999)Therefore, rather than simply dating

a single sampldt is now standard practice farchaeologist$o combine large numbers of
radiocabon dates to create chronological models designed to test specific hyp(Bagdiss,

2009)

3.2.4Bayesian Analysis

Another influential development C dating has been the rise of Bayesian ana{@isisten

& 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 framew@Hkristen &

Litton, 1995) The Bayesian approach combinelgcated radiocarbon dates with knodariord
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information (Bayliss, 2015p. 680) resultingin a chronological framework with functional,
analytical tools, allowing’C dates to be integrated with archaeological information to develop
an informed finegrained chronology, integrating places, people and ti{gngs Bayliss et al.,

2007; Whittle et al., 2011)Therefore, thepplication of Bayesian analysigsuls in dating
probabilitiesthat not only relate to thé*C data in the model but also to intervals or events
within the archaeological sequence. This includesribdelledtime between dat contexts,

or the span represented by a set of d&es.y thsotem was first developed in the eighteenth
century.In probability theory and statistiatietheorem, 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 fBra y theotem can be expressed as:

p(ty)” pyip(t)

As described byBronk Ramsey (2009a. 338) ¢ tisbthe set of parameters andyithe
observationsome asur ement s ma,déthe kndownénformationome havedapo(tt )
the parameters (mostly events). The likelihood, p(y|t), is the measurement given a set of
parameters. The posterior probability, p(tly), is the probability of a particular parameter set
given the measurements and phier. In a Bayesian analysis, we must express the information

we have about the chronology in these terRigure3.21).
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Probability of radiocarbon age
given a calendar date

The Likelihood Function

~
Prior
— P (Data \ Parameter) ~—
P(Parameter\Data) = X P (Parameter)
et P (Data) ————__

Posterior \

Radiocarbon ages

Figure 3.21. Chronological application of Bayes Theorem.

When applying this theorem ichronological applications, numerical calibrated radiocarbon
ages (likelihoodsgan be combinedith independent information about the chronology (priors)

to calculatean improved chronological model (the posteriofdajdas et al., 2021p. 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 purgmst statstical packages such as OxCal, BCal,
CALIB, DatelLab, and BacofBuck 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. Firspmbiningradiocarbon dates witprior information can
dramatically improveprecision making it possible t@xploreresearchquestionswithin short

time spangCleal et al., 1995; Bayliss et al., 2007; Meadows et al., 2007; Whittle & Bayliss,
2007; Bronk Ramsey et al., 2010Becond, Bayesian analysis allows uncertainties within the
model to be quantified, resulting in the ability to make robust comparisons bethaen
chronology of regions or culturésee Needham et al., 1997; Manning et al., 2006; Sharon et

al., 2007; Higham et al., 2014)hird, strategies for dealing with outliecan beincorporated
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into the analysis specifically testing that theadiocarbormeasurement datgrees with the
included prior informatiorge.g., Higham et al., 2010)

3.2.5Wiggle-Match Dating (WMD)

The calibration of asingl¥C dat e fr on'Ct lmg andacctirm® n al eddar ag
almost always results in a considerable loss of precisgsnltingfrom the nonlinear nature of
calibration curve. Therefore, no singtealued, differentiable, inverse function can be used as

a straightforward calibratio(Bronk Ramsey et al., 200p. 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 m@igmples

of tree rings are taken from a timber post, where the age difference between the rings is known
(by ring couning), 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 appliedaalibrat
curve to give a precise calendar date for when the tree was cu{@bwsten & Litton, 1995

p. 719) This technique is known as wiggieatch dating (WMD) Christen & Litton, 1995;

Bronk Ramsey et al., 200p. 381; Galimberti et al., 2004Matching the“C data to the
wiggles in the calibration cunagnificantly improves the calibration's precision and reduces

the influence of minor offse{®ronk Ramsey et al., 2001)

Within the Bayesian framewoirfOxCal D_Sequence modeh WMD is essentially aormal
sequencanodel with a very strong prigrwherethe only parameter of interest the final
modelled date (Felling DateHowever, this technique is not only restricted to tree ring
applications and cdpe applied in cases where the relationships are described only in terms of
sequences, phases and other similar constr@eésManning & Weninger, 1992; Weninger,
1997; Lange, 1998; Blaauw et al., 2003; Mellstrom et alL320 his approach has been shown

to produce very precisealibratedresults under certain conditions, with fewer than ten
measurements spaced at decadal intervals or better, giving 95% probability ranges of only a
few decadegBronk Ramsey et al., 200p. 264;Hogg et al. 2003; Hamilton et al., 2007;
Nakamura et al., 2007; Hogg et al., 2012; Meadows & Zunde, 2014; Hogg et al., Pi%7)

dating technique uses the inherent wiggly nature of the calibration curve to its advantage
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because weltharacterised and rapid changesadiocarbon concentrat in the atmosphere
can be identified and accounted for in the dating model.

The WMD method wasnitially tested byGalimberti et al. (2004)who utilisedsimulations to
examinethe influence of several variables the techniquée.g.sequence length, sampling
frequency, and measurement preciyidetermining the optimum sample number #@idate
precision required to generaéecurate calendar agés archaeological materiatith high
precison. Since this study, WMD has been applied in archaeological contexts around the world
(see Manning & Weninger, 1992; Weninger, 1995; Magret 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., 201'9nd was first applied in New Zealand to produce calendar age
dates of two important volcanic eruptionshich generatedephras): the Kaharoa eruption
using a carbonised logdogg et al., 2003and the Taupo eruption using a tree felled by the
blast generated by themplacement of thelimactic pyroclastic flowdeposit (norwelded
ignimbrite) atthe Buried Forest at Pureo(&parks et al., 1995; Hogg et al., 2012; Hogg et al.,
2019h Lowe & Pittari, 202

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 factomgHet al.2019,p. 1267):

1. Differences in atmospheri¢’C levels within each of the two reservoirs (intra

hemispheric homogeneity), which may vary with time;
2. The difference in timing of growing seasqsse Manninget al., 2020)
3. The accuracy, precision, and reproducibility of component data sets; and

4. The suitability of the statistical approach that combines the compéi@uiata 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 theappliedcalibration curve. As discussed above, $icalibration curve (SHCal20) over

the last 1000 years comprises a range ofrirgedatasets, resulting from measurements from
various laboratories, comprising some gear, tweyear, threeyear, fiveyear and tetyear
treering blocks(Hogg et al., 2020)The lack of continuous ongear data means that short
term variations in the atmospheric concentratf*“C arepossiblynot well represented within

the calibration curve for some periods, thus affecting the accuracy and precision of the
produced WMD(Bronk Ramsey, 200%. 264; Hogg et al., 2022)

These factors were highlighted by a study conducteBayyiss et al. (2017in the Northern
Hemisphergwhich tested whether WMD could produce accurate calendar ages for a series of
short treering sequences (~30 annual rings) within the Medieval Periad.aalysis showed

that less than half (47.7%) of the short WMDs resulted in accurate calendac@gpared to

the dendrochronological dates of the same sample material). Several possible reasons for such
low success rates were suggested, includinig leigels of annudt’C variation not captured by

the decadal or kilecadal data used in the applied calibration curve (IntCall3) and additional
sources of variation present in the data, such as geographical offsets, seasonal offsets, or
laboratory biase¢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 metHodg et al., 2017)For exampleHogg

et al. (2013b)examinedthe possibility ofinter-laboratory offsetaising twelve contiguous
decadal kauri samples analysed by fifferent radi@arbon dating laboratorie$his analysis
reportednitial inter-laboratory offsets from weightedean values of up to 44C yearsHogg

et al. (2013b)determined that these results were likely causednbgnsistencies in the
pretreatment regimes and measurement processesbyeach laboratoryWith these results

in mind, in the pilot study conducted before the research presentedHogge et al. (2017)

also checked for possible laboratory analytic offsets in SHCall3 by measuring dupfioate 5
blocks of kauri (sample SPC002) for the relevant time interval, ADi15D. Generally, the

14C data from the known dendewme kauri closely followed the shape of the SHCall3
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calibration curve. However, the kauri data were slightly older, with a mean offset to SHCall13

of 12.7 + 1.1*4C years, suggesting a possible laboratory analytic offset to SHCal13 may exist.

To investigate this result furthddogg et al. (2019ag¢xamined the accuracy, precision, and
reproducibility of the componenfC datasets within SHCallshd investigatethe statistical
model used to create the SHCall3 calibration curve. In this study, Hogg et ala)(2019
constructed a new version of the SHCall3 calibration curve (SHOHHS) using the
Bayesian spline construction method, including the same five datasets included in SHCal13 for
the posiLittle Ice Age (LIA) interval AD 15001950. The sticture of SHCallNEW
predominantly followed the same shape as SHCdH®Bvever,in some periods (e.gAD

1760 1800 and 19001920) it appeared to show higher ir@nnual variation, as indicated by
more highly attenuated peaks and troughs. The affected pdrealsly dependupon the
Quaternary Isotope Lab (Qldatasets, which may create a younger bias to other parts of the
calibration curve unlescompensated for in the modelling. Crucially, in regions where QL data

overlap with other data, QL was corsistly 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 Hahgdleagues have
continued to test the accuracy and improve the resolution of the Southern Hemisphere
calibration curve. So far, three time periods have been investigated (AD1B4B) AD 1650

1829 and AD 18301855), with interim results suggesting spiecdatasets within SHCal20

may be biased towards younger a@idegg, 2023 personal communicatioijowever, 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 accucatendar ages for specific events in time at a

far higher precision than oth&C dating methods.
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Chapter 4Site Information

4.1 Site Selection and Review

Several factor’ver e consi dered when selecting which
geographic spread of sites acrosrsegimethédsgi on
centre, and soutlvere represented. This criterion aimed to ensure that the regional-spatial
temporal relationships were captured within the sampledgssetimblage. Second, wetland

sites exhibiting the environmental conditions suitable for wooden artefact presewatmsn

targetedd sites withanaerobic and chemically deced waterlogged conditiorfsvallace,

1985) Generally, pU wi t hiimvestigdtedsince rtheygwererfirsth a v e
recorded or excavated in the late 1960s and early 1970s, and the environmental conditions
surrounding these pQwataere tvabliedr overon i mal I
have retained their wetland environment, providing the best possible conditions for wood
preservation, aimed to ensure an adequate samypierf or anal ysi s. Final
history of previousrchaeological investigation were targeted, prioritising those with recorded
evidence of preserved 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
Various literature sources were covered, including site record forms from the NZ
Archaeol ogical Associationdés SitA),preausyr di ng
published archaeological reportand unpublished excavation notes, surveys and plans.
Additionally, site visits were conducted&tit he pU considered in this
surveys used to assess the likelihood of identifying preservedgmliefences. Following this

revi ew, six pU wereFiguehhelyt edhéosel avesbngahn
from Taupiri in the north: Taraheke PU (TAR)
Waipa area: Lake Mangakaware 1 (MA1l), 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 pU i

e UapataiRa (MEU) &+
AN
 redliarahekePai({AR)

Lake Mangahiaf(MGA)*
® . ; :

" llake! Mangakaware (MA1/MA2)
* g

0 S 108km

Figure4.11. Distributiono f t he (Ewdljleaw ¢pilamonds) and recorded p°0 (red d¢

5 This figure includes data sourced from the LINZ Data Seylimensed for reuse under the CC BY .4.0
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4.1.1Lake Mangakaware

Lake Mangakaware is located 13 km northwest of Te Awamutu, just southUhfridgZuri,

and is one of several small peaty |l akes in V
38 m above sea level (asl), covering an area of 12.18 ln@ to 4.8 m deep, and is classed as

an old (~20 ka)blockedvalley riverine lake in origin(Lowe & Green,2024). Two pU ar
recorded around the laksee Appendix A.1 and A.2)eferred to previously as MA1 (S15/16)

and MA2 (S15/18)see Bellwood, 1969b, 1971a; Peters, 1971; Bellwood, 1972b, 19Y8a)
third pU is also recorded east of MAL1l, refer
asastané | o n(gee Appkndix A.3)current archaeological investigations suggest this small

mound is likely an extension of MA1, functioning as an annexe for cooking and processing
activities Figure4.12). The outlet stream of Lake Mangakaware once connected the lake to

the WaipU River, providing a valuable transftg
Access to the coast is also possiblethi@land-based Pirongia mountain crossifigellwood,
19783p.11) The pU recorded around Lake Mangakaw
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 activiges Cassels, 19a)2

Figure4.12. Location of MA1 (S15/16), MA2 (S15/18) and MA3 (S15/381ake 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 redigk® Pick, 1968; Bellwood, 19691971a1971b; Peters,

1971, Bellwood, 1972 978a) 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 surveysafc h pU observed t he
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 pU is stil tockrwherdas MA@ hng MABraee mem arel yetires! 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 identificatonof pr eserved palisade defences, thes:

for investigation.

4.1.1.1Lake Mangakaware 1 (MA1)

The Waikato Museum Archaeological Society conducted excavations at MA1 in 1969. The
subsurface excavations encompassed tfemches (Northerr 2, Western and Southern) and
five excavation squares (Al, A2, B1, B2 and BB)g(re 4.1.3). These excavatioareas
identified evidence of multiple imported sediment layecsr(structediving surfaces), the
remnants of several structures and house floors, and several defensive rows of [jRitades
1971 p. 128) Several lakebed dive zones were ats@stigated, recoveringsizeabé wooden

artefact assemblage.
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Lakebed Dive

Zones

Figure 4.1.3. Digitised site plan of the 1969 excavations at RfA1

Excavation in the Northern trenches identified two distingt a t h leediggsrém the lake
edge, through the pali sade d&pedteharcadgssribedas t h e

linear depressions and give the appearance of constant foot (Rdfers, 1971p. 131) A

8 This plan drawing was digitised from the original site plan drawings with permissiorPfifiReter Bellwood.
" Note. The locations of the Northern and Southern trenches are highlighted, as their positions are relevant to

current excavations.
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prominentoven feature containing freshwater mugslostracun{Echyridella menziegiwas

identified underneath one of these pathways, suggesting this area was previously used for
cooking and processing activities. Excavation of westerntrench exposed a continuous
builddup of packed o6cl ay6 f 1 oor sold(stronglyoveatheratl s e d i
(clayey)ash and black peaty soil. These sediment layers abutted a line of vertical stakes and
horizontally laid timber, hypothesised to be pdraaetaining wall or a structure built at the

toe of the raised mound (Petel871, p. 130)Several large cobblgpresumably sourced from

Mount Pirongiawere identified along the lake edd®eters (1971p.130 proposedhatthese
cobblesprotecedt he pU against rising water | evel s. F
this area, with a smaller fifth row of stakes positioned on the toe of the raised mound. Of these
posts, four large rectangular posts (cresstion shape) identified on theuslavestern side of

the Western trench were suggested to represent an independent structure, potentially a
storehouse (Peter$971, p. 130). Excavation in the Southern trench revealed evidence of up

to six rows of palisades, with over 60 posts identified in this &emie4.14). The level of
fortification identified in the southern tre
and greeting individuals or groups approaching from the south. The extensive palisading
present in this area could be interpretethtentional providing a visual representation of the

defensive strength of the pU.

The central excavation squares (Al, A2, Bl, B2, and B3) uncovered evidence of three house
floors with associated postholes, plank slots, and remnants ofdseminposed posts. The
house floor outlines were orientated in a southwestheast direction, witthefloors in B2

and A2 superimposed on each other. The house flommgprised ady el | ow sandy
interspersed with black soil mixed with charcoal concentrations, stones, and(Beédis,

1971 p. 134) These inclusions are proposed to result friomensive 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 floorslilexisted in this area; however, the limited scope

of the 1969 excavation prevented them from investigating this further.
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Figure 4.14. 1969 excavation photograph of the southern trench at (Ballwood, 1969a)

In summaryBellwood (1978ap. 11)d escr i bes MA1l as a heavily d
Six hundredandfifty palisade posts were recorded, with one post on the northern side of the

pU described as st i(Belwoos t1978ad.i13) Additiohalyeuptosde t r e s
rows of palisades were identified on the sou
of large posts, while the outer rows were composed of ‘lesser' timbers. In addition to the
palisade defences, excavations recordeoomed soil deposits up to two ines deep, with
foundati onal ti mbers i dent iBeliweod, 1978ap.t13) e wet t
Structures identified at MAL 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 surfacesking features, and

activity areas. The 1969 excavation areas are still identifiable on the ground surface, and oven
stones, cobbles, and charceariched soils are still readily identifiable on the northern side of

the pO.
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4.1.1.2Lake Mangakaware 2 (MA2)

The Waikato Museum Archaeological Society also conducted excavations at MA2 in 1968
(Pick, 1968)(Figure 4.15). Investigationsfocused on areas where clay/sand lensing was
present, and it was esti mat ed tBelavbod,4%8amuch a
p. 14) Bellwood (1978, p. 16) considered the palisade defences of MA2 as far less complex

than MAL1, with a total of 110 posts recorded. The palisade rows identified on the southern side

of the pU are described as a fiheavy etmser ro
of open spaceo. Dur i rnwgre éxthaetedising dyanawdid equipment Si X
(Pick, 1968p. 31) These posts were said to be embedded three metres in the ground and were

hypothesised to be addst four metres tall above the ground surface during the site's occupation.

Lakebed Dive Zones

Figure 4.15. Digitised plan drawing of the 1969 excavations at #fA2

8 Note. Locations of excavation areas A, C and E are highlighted in red, as their positions are relevant to current
excavations

% This plan drawing was digitised from the original plan drawings with permissionArofiPeter Bellwood
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Bellwood (1978, p. 16) used the characteristics of the extracted posts to develop a
classification scheme describingriation in their form and construction. The classification

scheme includes three typologidable4.11). Bellwood (1978, 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 tapeeed d s t hat wer e O6fire hardened«
the posts down into the soft peaty soil.

Table4.11. Bel | woappdI®)spalisadeSlassification scheme.

Classification Description

Type A Large split or unsplit tree trunks with shaped lower ends facdditat driving of
posts into the ground.
Adze dressed timbers of square or rectangularosssectiors with tapered

Type B 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 6maraed of the pU. TiRand$S\VAcowmdapprozipateys ent e
750 nt. Apart from evidence of possible raised storehouses and cooking features around its
edges, this area was free of formal structufém perceived distribution of archaeological

features suggestlatthis area was the focus of outdoor activities at theBadwood, 1972b

p. 28) The structures recorded at MAReagrouped 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

laid as needed. Several floors contained successive (superimposed) sand layers and living
debris of up to 8@m (Bellwood, 1972bp. 29)

Trench C was positioned on the southapn side
17) describes as a 6éngutud entrance. Within
including five fragments of war <clubs (@new
fragmentsf human femur (smashed, burnt and covered in red ochre) and a large chunk of red

ochre next to the bones (Bellwqoti978, p. 19). In addition to these artefacts, a small
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breastbonpendant was found outside the palisade defence. Bellwoodg1279) concluded
thatt hese artefacts represent thwy remains of a

Trench E was positioned on the eastern edge
stratigraphic layering, structurabmplexity,and site economy for MA@Bellwood, 1978app.

25 31). 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 easyto ascertain how many structures were used at once. The occupation history of MA2
is extensively commented on by Bellwood (1878. 31), interpreted asvidence of four
phases of occupation in Trench E. Yeaund occupation of the site was hypothesised,
highlighting three houses built with solid walls and hearths (presumably for hedth).
deddingfrom House 1 in Trench E appears to have been laid in autumn, supported by the
observation oenclosedkahikatea seeds. Belwood (1278p. 7Q 71) obtainedsix “C dates

to anchor the chronology of MAZ éble4.12), providing evidence supporting an occupation
history between AD 1450750. However, Bellwood (19@8p. 71) notes that this occupation

sequence seems long, given the lack of stratigraphic depth.

Table4.12. Radiocarbon samples from the 1968 excavations at (gé€ Bellwood, 1978%)

Lab ID  Material Provenance CRA d3co:': 0
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 fromhouse 1: Trench E 221+ 46 -30.3
NZ1679 Wood (unidentified)  Occupation level below House 2 382 + 57 -23.4

When critically evaluating th&'C samples recovered from MAZ2, it is clear there are some
substantial issues within the assembl&geemost is the issue of-built age. Bothunidentified
charcoal samples (NZ1120 and NZ1677) are too old to represent the occupation of MA2.
Bellwood (1978, p. 70) previously interpreted these samples as evidence for the use of old

6dried out 6 s wa mpQasamplbsere fromWwboelen material, idesdrilmed by

10 Data is sourced frometchey et al. (2022)
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Bellwood (197&, p.71) as Opresumably made from freshl
basis of thistatement s not reported. Three of (tThedese sam
are two main groups of tree ferns in New Zealand: Cyathea and Dicksonia, the most common

of which areCyathea dealbaté&silver fern),C. medullarisimamaku),C. smithii(katote), and

Dicksonia squarrosgwheki) (see Dawson & Lucas, 2016)ree ferns do not form trunks in

the same way that conifers or flowering trees(sk®e Dawson & Lucas, 2016p. 52 53),

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 transpaterwand nutrients.
Surrounding these bundles amgore rigid tissues (sclerenchymadhat supportthe trunk.
Therefore, unlike conifers, the outer region of theftree r tnurk does not represent the newest
(youngest) rgion of cellular growth. Instead, the trunk represents the combined age of the tree
fern, which inherently makes it susceptible itebuilt 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 fhrecisionissues previously discussed in Section

224 This is especially rel evantfrongthewteucturaBe |l | wo
layout of Trench E, which cannot be established by the avaf#®l@ata, even with modern
applications of OxCaBayesianmodelling (see AppendixXC.1). In conclusion, the 1968
excavations at MA2 were extensive, with a large proportion of the site excavatetev@hce

to the current study are the defences identified in Trench C and the occupation areas and
pali sade defences in Trench E. These two are

and present the opportunity to link currelaty excavations with thadtorical 1968 excavations.

4.1.21Lake Mangahia (MGA)

Lake Mangahia is | ocated app@uo Xhemketiselasged 3 k m

as a old (~20 kaplockedvalleyriverinephytogenid ake (a true Opeat | ak
at 39 m asWith a maximum depth of 1.8 thowe & Green2024. The pU (S15/ 14)
recorded by Doug Pick in November 1964, who described it as an artificially raised mound on

thel a k southern shoreHgure4.16) . A unique feature of the
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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 teBhmpean

occupation of the site. However, it is also clear that the causewapeleaswidened to
accommodate vehicle access. This pU is relat
sitesin the surrounding are&lowever, three sites are recorded within a 4 km radius of Lake
Mangghia, including goreviously unrecordedoil quarry on the hill slope approximately 250

m to the south of the pU, a cluster of borro:
Stream (which drains the | ake), and a pU 3.5

Figure4.16. Locati on of tHe pU0O at Lake Mangahi a

The site record form provides | iAM),deserbing nf or m
it as covering an area of approximately 100 with the mound sitting about 2 m above the
1978 water levelRigure 4.17). In the late 1960s (dates not specifiedjaikato Museum

Archaeological Society membemcorded palisades along the lake edge and landward sides of

11 This figure includes data sourced from the LINZ Data Service diwissed for reuse under the CC BY 4.0
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the pU, with the def donifications dveenty palisdule gbstsavere v e r y
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 BEO0 cm. Later (date not specified), Duffy Roach and Mr Lovell
excavated three posts, described 4426ft long, showing similar shape and taper
characteristics to those described by Bellwood (49@816)from Lake Mangakaware

Lake Mangahia (MGA)
Sketch Map Lake Edge

Figure4.17. Digitised sketch dra%wing of the pU at La

A site visit to MGA was conducted on the 13th of July 20R&. e  p dbsewed o bevell-

preserved covered in long grass with occasional
walkover survey identified a central platform with multiple peripheral terraces.-vastgosts
wereidentified primarily located on the northern (lakeside) and southern (landside) borders of

the po0U. S e v e r stobdapprdxénrately If m tell§igure 4.18), @&d onesizeabé

12 This sketch map was drawing br Owen Wilkesand was source from the site record form @&ppendix
A4).
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spilt post had a rectangular cresesction over 50 cm widé€{gure4.19). The palisade defences
identified at Lake Mangagaar e exceptionally well preser ve
investigated in this study. Because of thes

considerech prime excavation candidate

Figure 4.18. Zac Mclvor (left) and Rowan McBride (right) inspect a row of palisades at Lake Mahgahia

13 This photographwas taken by Alan Hogg and is used with permission.
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Figure4.19. A large split palisade postanding>1 m tall and > 0.5 m widat Lake Mangahi¥.

413Taraheke PU (TAR)

Taraheke PU (S prdaniinerp)U il so coart e dost tothe Tensgetion of

the Mangawara Stream and Waikato Riveig(re4.1.10). Taupiri was a significant region
within the cultural | andscape of the Waikatc
testament to its importance. The populations inhabiting this region likely controlled the
movement of people and resourcesanp down the river. Additionally, the natural resources

in the Taupiri area are plentiful, including highality horticultural soils and native flora and

fauna within the river, streams and wetlands. Large areas of horticultural soils are recorded in
thearea, recognised by the distinctive borrow pits and anthropic soils that were converted into
gar dens (Gansford&@Gunibley, 2020; Gumbley, 202No previous archaeological
excavation has been (see Appandixt AeS)Hovever, hraKedhh e k e P
Archaeol ogy has undertaken mitigation invest

bank of theMangawaras t r eam, appr oxi mat el y(KetlQ200®) f r om t h

14 This photograph was taken Byan Hogg and is used with permission.
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Figure4.110. The six prominent pU | octhated around the Tce

Taraheke PU is |located 800 m up t Mangawdraanga ma
stream close to the junction with the Waika
projects into the stream, with | arge banks u
of5000m, defined by a | arge def easédassauliigutech pr o
4111) . A distinct I|linear ditch that bisects t
lidar-derived imagery, extending across the defensive ditch to a point approximately 30 m
south. Lidar imagery also shows a less wiellined transverse ditch appimately 30 m north

of the main defensive ditch. This transverse ditch appears to be the remains of some form of

internal division of the pU, perhaps represe

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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Figure4.111. Defensive ditches arihearditchat Tar &heke PO

Two site visits were conducted to Tarahék&) i n January and Februar )
survey identified a swampy margin surrounding the base of the headland, exhibiting the
environmental conditions required to preserve wooden archaeological m&tiguiatd.1.12).

While no palisades were immediately visiiethis environmentit was determined thahey

would likely be located within this wetland margin if they were retainesitu Several test

pits were dug within thisnvironmento test this hypothesis, assess the soil profile, and identify
potential excavation areagest pitting determined that the soil profile of this environment
comprised two distinct silt layers. The upper silt layer {480cm) is formed from material
eroding down the side of the headland (slope wash) and was devoid of culpasitsierhe

lower silt layer (~40 cm thick) was watkrgged and rich with organic material (natural and
cultural), including wood, charcoal and freshwater mussel periostrdeumepiziesji 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

82|Page



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¢condons sur roundi |
it was determined that exploratory excavations within this zone could possibly identify palisade
remains. Therefore, Taraheke PU was selected

Figure4.112 The swampy margin around Taraheke PO.

414Te Uapata PU (TEU)

Te Uapata PU (S14/20) is another of the six
the MangawaraStream and the Waikato River in Taupiigure4.110). Whilst most of the

pU in Taupir.i are | ocated beside the main wa
|l agoon close to the mouth of the Whangamaire
the major and minor channels, rising 2 m abtive level of the adjacent streams. Te Uapata

PU was first recorded in February 1977 by S.
site record form contains mini mal i nformati c
and a brief descriptiofsee AppendiXA.6). In January 1996, Owen Wilkes updated the site
record following a site visit. The pU is des
m?, defined byalarge defensive ditch and the stream edge. A second transverse ditttestretc

acrossthén e ad ltainpd,d6 sencl osi ng t FiguredlLllhest area of
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Legend

—— Pa extent
Modern stream
Defensive ditches

Figure4.113A site plantof Te Uapata PU

Traditional MUorUapasaoPy -dnsusénted dadestosMaiuea,

who established the pU foll o@inesg Biygs,sl99mi gr a't
Phillips, 1995) Thi s associati on suggecennetedviththe Te U
Tainui mi gration inland. Mahutads grandsons
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 TiaapKaitotehe.Jones and

Biggs (1995) describe the soils around Te Uapata as swampy, which may haute led
Wharetipeti and Tapafes dfer gaod (eorpeaty) soils to grow their horticultural crops.

Using a ruse, where they offered to assist Te Iranui and his people with plantiagak
Wharetipeti and Tapuae overpowediTe lranuiandcaptucch i s tri besd | ands ol
of the Waikato River. Wharetipeti and Tapaue then remained at Kaitotehe, which became their
strongholdJones & Biggs, 199%p. 280 286; Phillips, 1995p. 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 (Ran;¢
their deeds, witldones and Biggs (199p. 280)dating these events to around AD 1700.

Archaeol ogi cal i nvesti gat i onGaingdotd anldesunbleyp at a |
(2020) in 2019, recording archaeological deposits directly affected by the installation of
cultural symbolism at the site. Investigations nearhthee a d | tg rdentfisd twentythree
archaeological features and evidence of an introduced sediment deposit. Archaeological
features included three fireplaces (B1) , one | inear feature conta
(F4) and a series of 18 postholesi(ES). Buk samplesvere taken from four features during

the investigation (F14), with substantial amounts of freshwater mugsaiostracum(E.

menzies)i identified in the fill of F2. Grounp enet r ating radar was us
identifying several potential storage pits adjacent to the surface depressions east of the platform.
The results of the grourokenetrating radar survey also identified &eotpossible defensive

ditch, approximately 15 m southeast of the main defensive diight charcoal*C samples

were &quired from the bulk samples recovered frorii4-(paired samples from each feature),
comprising shortived material (twigs) of manuka.éptospermum scopariynand akeake
(Dodonaea viscoggTable4.13).

Table4.13. **C samples collected from TEU by Gainsford and Gumbley (2020).

Lab ID CRA Provenance Sample type

Wk46316 189 + 16 Fireplace (F1) a n Yy d4leptosgermum scoparium
Wk46880 203 £18 Fireplace (F1) a n Yy d4leptosgermum scoparium
Wk46315 200+ 16 Fireplace (F2) a n Yy dleptosgermum scoparium
Wk46881* 433 +18 Fireplace (F2) a n Yy dleptosgermum scoparium
Wk46314 153 £ 17 Fireplace (F3) a n Yy dleptosgermum scoparium
Wk46882 224 + 17 Fireplace (F3) a n Yy dleptosgermum scoparium

Wk46313 224 + 16 Linear feature (F4) Akeake Dodonaea visco3a
Wk46883 265+ 17 Linear feature (F4) Akeake Podonaea visco3a

Note. Wk46881 is an outlier, possibly duetbimi | t age and 6ol dd wood use.

These"C dates were recalibrated using OxCal v4.4, implemented using SHCal20 atmospheric
calibration data, with the internal consistency of the model tested using the Gegpeal t
outlier model (General, T(5), U(0,4), t) (see Appendi®). The results of this analysis were
generally consistent, producing date ranges between ADi 1850 (95% HPD)see also

Gainsford & Gumbley, 202Qop. 36 37). Two outliers were detected during the analysis:
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Wk46314 andVk46881. As thé“C samples were collected as pairs from each featigse th
resuls could reflect aproblem with the analgs orin-built age. Unfortunately, the calendar
position ofthe remaining“C datescoincideswith the calibration plateau in the late eighteenth
century, affecting the precision of the results. This lack of precision limiis dke in the
current study and provides only a broad indication okthe toecdpation history.

Lastly, a site visit was conducted to Te Uap
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 ddeneost likely to

retain evidence of palisade defences. However, densehigdadegetation significantly affects

visibility in these areas. Despite this lack of visibility, several posts were identified along the
toe of the east eedwithiabeick RTK GPStuhitso tieycouldrbe located

at a later excavation datBigure4.114). In addition to the preserved palisade row identified

on the eastern bank of the pU, significant e
of the pU. However, t,likelsdee tethefflctatia wates tabde ofu n s u ¢
the western stream, with water levels significantly lower than those found on the eastern banks.
Given the traditi on adndplesesddpalisadedefences, TeeUdpath o r

was considered a prime candidate for inclusion in the current study.

Figure 4.114. Zac Mclvor recording the location of a palisade past e Uapata PU.
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4.1.5Lake Rotokauri (ROT)

Lake Rotokauri is located approximately 7 km to the northwest of Hamilton City. The lake is
classified asmold (~20 ka)blockedvalley 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 (@@24. Lake
Rotokauri drains into the WaipU River via th
through the region and out to the coast. The
northeastern corner of Lake Rotoka(fifigure4.115). Si mi |l ar to the pU at
and Lake Mangahiat he pU at Lisa ditieatedRiro dnddea defensive position,
surrounded by a rich supply of native fauna and flora resources, and close to pasEtsof

andsandy soils ideal for constructing living surfaces hadiculture

Te Uhi'Paj

Figure4.115 Loc at i (ROT)anthe shdreolakdRotokautf.

8 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 pU, Te Uhim (fS1o4m 4s8h6e) ,p U so nr etc
Lake Rotokauri.Information contained within theite record formsuggestsT e Uhis P U
associatedwitNh g Ut i Ng Ur ap e (AppeddixMg)@ndthat tHeobwas waupied

up until the early 1800s when RigNgUape leftto join their relatives at Takapaunui, Raglan.
Additionally, thr ee3kh tothe Wwestrand sdith (1448, Si1456 and d e d
S14/69). Despite traditional history recording the occupatidne U h i PO, | imited
is available about he p U on t Notes ih theksitedrecorceforrg by Owen Wilkes
suggest that the Waikato Museum Archaeological Society conducted archaeological
excavations at the siteetween 197374. Some limited records of these excavations are held

at the Waikato Museum, including field notes and plan drawings frorfi¢ldseasonéFigure

4.116). DougPick (1968)wrote a brief paper about these excavations, indicating that a site
surveyandsome limited susurface testingvere undertakerHowever,acompleteaccounof

these excavatiortsasnever been published.

Lake Rotokauri Pa (ROT) e

Excavation Areas and Palisade Alignments = ET e wdly . .\ By
e /. o ° = L ® ° ‘\ 3

~ 4 :
. 7 ° * ° . l
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/ ° //(. |
e .' l
Iz 5 7 e |
I
I

Pai 2 / ///

° ° /3
| o G F E D G B /

Plan Scale 1: 1000 |
Surveyor: Neil C. Laurie, Feb 1973 '

Figure 4.116. Site planof excavations undertaken by the Waikato Museum Archaeological Society at Lake Rétokauri

19 This is a digitised copy dhe aiginal (unpublished) site plasourced from the Waikato Museum
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Theunpublishedield notes from these excavationse scri be the pU as appr
an acre (~675 A), covered in charcoddearing 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 samplegererecoverediuring these excavationsdqused in the stores of

the Waikato Museum) including stone adzes, pounders, obsidian, pumice, and wooden
implementsAlthoughno“C dateswere obtained from tilseexcavations, the artefacts suggest

an occupation irthe preEuropean period. The site record form contains an additional note

from Doug Pick regarding the site and its history (see Appehdix

fiWhen | 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, suggestingerweiror 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 stayslajbet had no apparent orcer
most were 3' to 5(90i 150 cm) above the soggground and all of totara. The whole
arrangement suggest e®6, |tookJane Davidspn taseefthe sitey byt U . I
some vandalghad cut down every palisade. There were two small cgngesPeart removed

one, andhe other was partly buried by persons unknown

Based on this information, a site visit was conductedt th e pU in Novembe
Unfortunately, this area of the lake was densely covered in thick vegetation, completely
obscuring the | ocation and topography of th
However, a large proportion of the site was sulgedrby the lake, indicatinthat thewater

level was considerably higher than in the pBstspite reports thavery post was cut down

the site visit identifiedour in situ postson the northeaster b ou n d a r.yfwogéstst he p
stood approximately 1 m tall, while the last was only preserved just above the ground surface.

Al though the pU at Lake Rotokaur.i was not i
investigation (due to the complicated history described ghove t he cent r al | oc e
within the subject areaand the observation af situ palisade posts proved sufficient for

inclusion in the project.
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Chapter 5Methods

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 defence
excavations were targeted to specific locations of interestard each pU and di d
seek to identify archaeological deposits relating to the site's occupation. All excavation areas
were excavated by hand, except at Taraheke P
the substantial overburden of paepositional slope wash (see Secttbf). 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 (&Ht)archaeological deposits were
recordedin situ using a Leica RTK GPS and photography. Finally, spatial analysis was

undertaken using QGIS Geographic Information System Spatial Analysis Software v3.20.2.

5.1.1Post 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). T§8essment was conducted via

the observation of three specific post characteristics, scrutinised via small squares excavated
around the base of each likely pdsigure5.11 (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 whttey 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. ldeally, a sampled post exhibited a diameter of >9 cm. This size requirement ensured a
sufficient calendar spread ofC 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 progrss 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 (ineallsr 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 a nistias, nindending tb ieasbre gosissftod Il c har
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 grdtigdré 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@edion

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 bases gfast. Once extracted, posts were

cleaned with water before being recorded and photographed.
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(B)

Figure5.11. (A) An example of a small square excavated around a palisade post. (B) Alan HoggVedt), McBride
(centre), and Warren Gumbley (right) after extracting a post ati1A2

5.1.2Recorded Information

Several characteristics of each extracted post were recorded, including maximum length,
maximum diameter, height above ground surface, depth below ground surfaceectusl

shape, taper type, and general comments. All size dimensions were recdhdeddarest cm
(Figure5.12). The maximum length was measured from the distal to proximal ends of the post.
Maximum diameter was recorded usingliametertape (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 measureitufrom 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 cresectional shape was recorded as oval, round, square, rectangular,

20 This photograph was taken by Zac Mclvor and is used with permission
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or irregular. General comments noted all other characteristics such as preservation quality,

scaring, charring, buttressing, removed bran

Depth below surface Height above surface

Maximum Length

Figure5.12. Size dimensions recorded for each palisade post.

Table5.11. Applied taper classification scheme.

Taper Type Description

Long A taper that is adzelressed on one or more sides, withe adzed surface extendin
more than 30 cm.

Short A taper that is adzelressed on two or more sides and is short in length (<30 ci
length). In most cases, this taper type appears to have been formed as the tre
felled.

Bulbed Ataper that imdzedressed on all sides, exhibiting a distinctive bulbed end. This't

type appears to be an effort to make the post more challenging to pull out of
ground. Notably, this taper type is only found on ladjameter posts.

Notched A taper that is adzélressed on all sides with a square or rectangular csession
and a distinctive notch cut into the side. Again, this taper appears to be an effc
make the post more challenging to pull out of the ground, and it is only foun
large-diameter posts.

Irregular Any taper which does not conform to the above categories. Generally, the irre
taper classification consists of crude examples that could result from the
shapping as it was felled.

Specific consideration was given to the tapers of the extracted posts. As previously discussed,
Bellwood (1978a, pp. 18.8) defined three post typologies following excavations at MA1 in

the 1960s. Following the sampling strategy outlined above, all eadrgmbsts could be

classified as either Type A or C (as adizessed timbers were specifically not selected).
However,aftert he extraction of several post s, it we
adequately capture the variety of tapered ends ueteced. Therefore, a new taper
classification system was developed to record the specific form variations encoungdied (
5.11andFigure5.13).
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(E)

Figure 5.13. 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.

5.1.3Post 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

upwardsand outwardgrom the base of the tree. Cutting the section as close to the taper as
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