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Abstract

Agricutural development is intimately tied to the environimand cultural practices,
specifically socio-poltical change. Nowhere are thefsionships more clear than on
Polynesian islands. Many sequences of agricultural chasge now been documented in the
region, and their relationships with the environment artralilchange assessed. Most, if
not all, of these identified sequences have been descripgdaEsses of intensification.
Samoan agricultural systems, however, are vastly undeanghed archaeologityl creating
a serious gap in archaeological knowledge of the archipelagal use practices in the
archipelago are often thought to have been non-intensivktharassumed prehistoric
sequence, buit using ethnographic analogy, has beeadutiz argue that the process of
intensification was not inevitable on all Polynesiaghhslands. To address this gap, and to
determine the nature of agricultural development inSdwmoan Archipelago, this thesis

examines agricultural development on Ofu Island in the Manu’a Group of American Samoa.

Archaeological research was carried out over the courseodild seasons at three
locations on the islandtwo in the interior uplands (A’ofa and Tufu) and one of the coast (Ofu
Vilage). Results of this field work were utilized to ically explore questions relating to
agricultural development on Ofu, specifically how that tgreent can be described and
which factors influenced the development. These resudigest that agricuttural
intensification did occur on the island at some scalemalysis, but akernative processes,
such as expansion and innovation, were of great importaiee development of production
was impacted by multiple factors, including landscape ewalutihe spatial variability of the
environment, and socio-poltical change. This thesis docam@w, on one small island,
agricultural change resulted in complex socio-polticajatiations beyond individual

producers, which resulted in a small-scale political economy.

This research contributes at three levels, the loogibnad, and theoretical. At the
local level, this research fils a serious gap by documgnéin agricultural sequence in the
Samoan archipelago. At the regional level, this resqammides another case study as to the
different factors that influence agricultural developmenPolynesia. At the theoretical level,
this research highlights the multiple paths of agticak development. Agricultural
development is a process imbedded in history, impacted by mutipters, individuals, and

groups.
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Chapter 1: Introduction

Agricultural development is a complex process where productidensy/schange in
tandem with other cultural practices and the environmeg increasing complexity of
poltical systems has long been accepted to co-occur hdhging cultivation strategies
(e.g., Earle 1978, 1997; Kirch 2010; Morehart and Eisenberg 2010; Stadish 2004,
2006). Human population fluctuations, either increases oralEsemay accompany
changes to strategies of food production (Boserup 1965), and modeomreants are
known be the result of long-term changes to agriculturaksgst(e.g., Bak and Erickson
2006; Lincoln and Ladefoged 2014; Terrell et al. 2003). Given the inteictedme ss
between agricultural systems, other cultural practicespgiamphy, and environmental
contexts, the documentation and explanation of coursesiailagal change is an important

research objective for archaeologists throughout the world.

Polynesian islands serve as useful case studies to cotisdeature of agricultural
development because these island environments can be usedehsystems to examine
long term ecological and human development (e.g., Kirch 2007a,bs&#to2002) (Fig. 1.1).
Polynesian agricultural systems have long been of stteécearchaeologists (e.g., Clark 1986;
Kirch 1975, 1977, 1982, 1984; Kirch and Yen 1982; Leach 1976, 1979; Riey 1973;
Rosendaul 1972; Yen et al. 1972). Indeed, the regional examinatiagricoftural
development and changing cultivation strategies has gsolstantially in the past two
decades. Renewed interest has resulted in research ptbgchave explicitly explored
questions relating to agricultural development and subsistehange in previously
unexamined or less understood islands and archipelagos, ssincthe Marquesas, Cooks,
New Zealand, and Society Islands (e.g., Addison 2006, 2008; Allen arp ZD@Y; Barber
1984, 1989, 2001, 2004, 2010, 2013; Campbell 2001; Lepofsky 1994, 1995; Lepofsky and
Kahn 2011), and the re-examination of agriculture on islamdsre prehistoric sequences
had been established, most notably Hawai’i (e.g., Allen 2001, 2004; Field et al. 2010, 2011;
Kirch 1994, 2007b; Kirch and Sahlins 1992; Kirch et al. 2004; Ladefoged avwes52000,
2008; Ladefoged et al. 2009, 2011; McCoy 2006; McCoy and Graves 2010; McElroy 2007,
2012; Spriggs and Kirch 1992; Vitousek et al. 2004, 2010, 2014).

Strides have been made to understand the variability otigral change in

Polynesia, but important time periods and archipelagos regmoainy understood.



Specifically, the nature of agricultural change in Samdargely unknown. Ethnohistoric
evidence has been used to argue that there was coniimB@moan subsistence practices
“particularly from the last half of the first millennium BC until A.D. 1840” (Green

2002:148). Such a situation, if valid, has implications for odetstanding of the nature of
subsistence change in the region. Though fragmentadgned is available suggesting that
such continuity was not necessarily the case (e.g., AddisdrGurr 2008; Carson 2006;
Pearl 2006; Valentin et al. 2011), this study addresses thesemgesting empirical
evidence to critically evaluate the course and natuegrafultural development on the island
of Ofu n the Manu’a Group of American Samoa (Fig. 1.2).
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Figure 1.1 Map of the Pacific with major geographical divisions outlined and major archipelagosbelled (from
Burley 2013:437, Fig. 1)

Figure 1.2 Ofu and Olosegaf the Manu’a Group of American Samoa (20 m contours)



Agricultural Development

Addressing why cultivation strategies change has bdecus of scientific research
since Boserup (1965) originally proposed the concept of agridulniemsification. Defined
as the replacement of less labour intensive techniquasot®y intensive techniques, she
argued that the impetus for intensification was populagowth. In the classic case,
intensification was equated with shortening fallow tirhat eventually resulted in permanent
cultivation. Supplementing Boserup, Brookfield (1972, 1984) and Sahlins (have)
suggested that social demands led to attempts to increase tiproddite class demands
may force farmers to attempt to increase production to fund woitymievel labour projects
and their own poltical ambitions (e.g., Earle 1997; Kirch 1984, 1994isBtd892, 1994,
2003, 2004).

More recently, Morrison (1994, 1995, 1996, 2006, 2007) and Leach (1999) have
argued that courses of agricultural change reflectanaposite working of multiple
processes, not just intensification, at different spatidl tamporal scales. The expansion of
cultivation strategies at set levels of intensity rbaya viable way to increase production or
mitigate the chances of subsistence shortfall (LadefegedGraves 2008), and individual
cultivation strategies are directed toward the accomplishroédiferent aims. Some aid to
increase production while others reduce the variabilityesdurce acquisition, the latter
referred to as risk management (Allen 2004; Marston 2011). That recevaluation of the
nature of course of agricuttural development has led to reicogriat the process is
complex and historically contingent (Morrison 2006, 2007). In this cgniadynesian
islands have served as cogent study areas.

Polynesian Islands as Case Studies

The development of agricultural systems in Polynesiangiifees the plasticity of
human cultural practices, and has been suggested to “represent a case of adaptive radiation”

(Kirch 1982:1). Kirch (2006:192) suggested that,

the prehistoric sequences of many Polynesian islands retmdedagos offer a series
of “comparative experiments” in which the outcomes of agricultural change may be
compared and contrasted with respect to similarity and differen a range of
potentially significant variables.

Colonists to newly discovered islands, which were envirormhigntaried, initially used a

similar suite of crops, techniques, and ideas. This suite, which is referred to as a “transported



landscape” (Kirch 1982), included several cultivation techniques including 1) rain-fed, 2)
flooded, 3) irrigated, and 4) tree cropping. From this set, eact islaveloped unique

production systems dictated in part by local environmentalcalhaal conditions.

Vitousek et al. (2004) noted thdby the time of significant European contact...many
Polynesian economies were highly intensive, with shdawfabr irrigated agricultural
systems supporting dense populations”. Theseagricultural systems were of such importance
in Polynesia that Kirch (2006:192) has asserted that “politically complex social
formations...all owed their existence to agricultural economies more often than not highly
mtensive in the use of both landscape and labor.” Numerous archaeological projects have
investigated how individual cultivation systems haveetbged on islands throughout
Polynesia (see Addison 2006; Allen 2001, 2004; Barber 1989, 2004; Clark 19861894¢h
Kirch and Sahlins 1992; Kirch and Yen 1982; Ladefoged and Graves 2000 26608B;
1979; Lepofsky 1994, 1995; Riey 1973; Yen 1973). These various researchers have
examined several components of each agricultural sequeuceost, if not al, of these
sequences are defined by a trend of increased labour inpaissunded product output within
a given land area. This has resutted in the charaatteris of these agricultural trajectories as
processes of intensification. In fact, Kirch (1984:160, 2006:209) rgasdh that the

intensification of food production was a consistent trendoignEsia.

However, multiple processes of agricultural development, (eaglefoged and Graves
2008) and many consequences of those changes (e.g., Allen 2004; LepwisKahn 2011;
Lincoln and Ladefoged 2014) have also been documented in the. régich case study
demonstrates the abilty of island populations to respond to dow@bnmental and cultural
characteristics by changing cultivation strategiesallleases, environmental variability,
whether spatial or temporal, influenced the nature of prioduslystems. Social mechanisms
in the form of reproductive norms or poltical hierarchy reat¢ with the impacts of landscape
change and history to result in unique developments. Thoupiddge of agricultural
development in the region is increasing, key gaps in our kdgevlexist that may
compromise our understanding of the general processes qud Unstoric circumstances of
agricultural change in the Pacific and beyond. In ordelot®csome of these gaps, this study

explores agricultural development in the Samoan Archipelago.



The Research Problem

Unlike most islands in Polynesia, few archaeological exampfeagricultural systems
have been identified in the Samoan Archipelago (but sees@ddind Gurr 2008; Carson
2006; Davidson 1974a; Ishizuki 1974; Quintus 2012). This paucity of dateswdted in a
failure to establish a sequence of agricuttural change doarthipelago. This is not to say
that there is an absence of archaeological evidencethgusthere is a lack of research on the
topic. Instead of documented processes of change, practicedeckgothe historic period,
which have been described as non-intensive (Buck 1930:545), éxvesl s an indicator of
the prehistoric situation (Green 2002). Carson (2006:6) has argued that “Samoan plant food
production systems involve neither intensive labour ngelascale capital
investment...Samoan farmers exercise a degree of planning for low-labour input stratedies
Likewise, Leach (1999:320) stated: “Samoans practised shifting cultivation for three
milennia without deforesting their islands or faiing to tréneir social obligations. They
made only minor experiments with wetland ditching (Hiroaclg 1930:547; Davidson
1974:157). The inference that the post-contact situation extéad into the prehistoric
period, in the absence of archaeological evidence to the igoritess played an important
role in our understanding of Polynesian agricultural eysteSamoa, for instance, has been
cited to argue that the intensification of food productiors nat ineviable in the Pacific
(Leach 1999), and may be evidence that the general pattetensification was notsa
widespread as previously thouglstil, it remains to be demonstrated with archaeological
evidence that practices documented in th® &8d 28" century AD extend into prehistory in

Samoa.
Aims of this Study

This study seeks to contribute at three scales, the tegmnal, and global. At the
local scale, this is the first study to empirically asmhthe historical development of a
Samoan agronomic system. The lack of documentation of olgasgbsistence strategies in
Samoa has affected our understanding of the prehistory cédiom. Other researchers have
echoed this view. Burley and Clark (2003:39), referring to all eW¥Polynesia, have
suggested that the “evolution of subsistence economies have yet to receive the kind of
attention they dese”. For Samoa in particular, Kirch (1999:328) has stated that the lack of
documentation of agricultural development is “a serious gap in our knowledge of that

b

[Samoan] archipelago,” and Leach (1999:333) has urged that “a research programme



concentrating on the prehistory of Samoan subsistence wouédvaeblg. Very litle is
known of prehistoric subsistence systems and basic questioan to be answered.
Specifically, this study wil address whether agricatuintensification occurred in Samoa,
what other processes were influential, and what factorsedachanges in agricultural

systems.

At the regional scale, this thesis wil address tHerdiices and similarities between
agricultural systems of Samoa and other islands in Biyrtirough comparison. Answering
this question contributes to our understanding of variabipecifically of what general
processes were shared and what factors contribute to diisrethroughout the region. Ofu
Island adds important temporal depth to our knowledge of Polynegigultural systems as

the eastern extent of Lapita-era island colonisatio®deania.

The study of Ofu Island also addresses issues surrourisgBncatises and
consequences of agricultural development at a global scale.icBigcifthis thesis examines
agricultural development as long-term landscape history,idprgvan opportunity to study
historical contingency. The chapters in this thesisgasred toward understanding how
agricultural development shaped and was shaped by envirornaewktaultural variables.
This case study considers the role of predictable enviroameatiability (e.g., cyclones,
landslides, and drought), and assesses how such variamigcted the course of
agricultural development. Additionally, the presence of a singbiefdom on the island in
the 19" century AD raises the possiility that political charfgetored into the process of
agricultural change. Exploring the role of environment aiidrali variables in tandem
contributes to our understanding of the processes of agr@dultievelopment by studying the

multiple aims, outcomes, and consequences of cultivati@teges.

In sum, in examining agricultural development in Samoa,stildy seeks to
document a course of agricultural development, the generalspescéhat characterise that
course (e.g., intensification, expansion), and the aims oegoesces of cultivation
strategies (e.g., risk management, increased production). Idoutlde work of Allen (2004),
Kirch and Zimmerer (2010), and Ladefoged and Graves (2000, 2008) iptatterto
understand and evaluate the variable agronomic pradiaesidveloped in locations in
response to local environmental and cultural characterisfibis goal takes into account
Morrison’s (2006, 2007) suggestion to examine agriculture as a situated process and Leach’s

(1999) advice to consider alternative concepts and terms ltmtevaariability.



Structure of Thesis

Chapter 2 considers past perspectives on the study of tageicubxpanding on the
discussion that began in this chapter. Multiple themaettoncepts useful in understanding
alternative cultivation strategies are discussed,dinody intensification, expansion, risk
management. Because these strategies are oftenchfiactbe degree or scale of
management, relevant literature on the social relatifngroduction is presented. This
general discussion then turns to the examination raiigre and agricultural development
in Polynesia, discussing the diversity of cultivatioratstgies practiced in the islands. The
final section of the chapter presents the researchndesed to study the development of

agriculture on Ofu Island.

Chapter 3 presents a summary of the geographical and Icaltuni@xt of this study,
first examinirg the entire archipelago then focusing on Manu’a. A brief review of Samoan
cultural history is presented focussing on the timing gédmeultural changes. This is
followed by a synthesis of the ethnohistoric and ethnograpblcal situation in the
Samoan archipelago. The next section examines the hisdodcmodern production system
of the archipelago. Important crops are discussed and the smpllcazards (i.e., cyclones,

landslides, and drought) are evaluated.

Chapter 4 presents the methods that were employed to colitenalyse data. The
field, laboratory, and analysis methods are discussed. Add#iprialiture definitions used to

classify remains identified in the interior uplands ofi @fe included here.

Chapter 5 presents the results of subsurface investigatonducted on the coast.
Results of coring are presented first before discussingodedt unit excavation and backhoe
trenches. For each subsurface unt, the results of thielgpaize analysis are discussed in
terms of the deposttional history of each area. Radiocarb@s daeach unit are introduced
in this section, but a full discussion of the coastal chogryolis provided in a single section
near the end of the chapter. The implications of thesstalaavestigations are summarised
in the final section with reference to coastal landscaymdution and the use of the coastal
flats throughout the cultural sequence.

Chapter 6 presents the results of field work undertakereiinttirior uplands. The
first section discusses the results of two remote spisiategies that examined the

distribution of archaeological remains at the island sddde next sections summarise the



results of survey, separating the archaeology of twaonteones, and include information
regarding the number, variability, and distribution of agcli@égical features. The function of
feature classes is assessed after the presentatibe archaeology of both areas. The next
section summarises results of interior excavation atfifes, and the final section presents the

results of radiocarbon dating.

Chapter 7 synthesises the results of field work on the endsihterior uplands, and
discusses the course of agricultural development on thd.isEhis discussion is framed in
terms of the changing location, timing, and scale of maregerf agricultural activities on
the island. The final section situates agricultural dgveént on Ofu within relevant

environmental and social parameters.

Chapter 8 evaluates the research problem of Samoan agstudevelopment by
addressing the modes of agricultural development on Ofu. Toenses of agricultural
change are addressed, highlighting risk management and therslations of production on
the island. This is folowed by a comparison between the segwdragricultural
development on Ofu and sequences documented elsewhere BsRolyfhe final section

presents a summary of how this study addressed the aiims thesis.



Chapter 2: Understanding Agricultural Development

The documented variability of courses of agricultural agveent has led to the use
of several theoretical and conceptual models to study how langepulations employ and
change cultivation strategies (e.g., Alen 2004; Erickson 1993, 1999, 2662003, 2004,
2005; Kirch 1994, 2007a,b; Kirch and Yen 1982; Ladefoged and Graves 2000, 2008; Marston
2011; Morehart and Eisenberg 2010; Stanish 1992, 1994, 2003, 2004). What this tesearch
identified are general processes that occur in many eegief agricuttural development
(e.g., intensification, expansion, disintensification), thdime consequences or aims of
cultivation strategies (e.g., risk management and shont-pgoduct increase), and the role of
cultural and environmental factors in the creation of enigharacteristics of production

systems (e.g., poltical change, environment variability, pomuldiuctuation).

This chapter summarises these different perspectv@gliscusses important
concepts and issues relevant to any study of agriculturadiopenent. The first section
examines the general processes involved as wel astisequences and outcomes of those
processes. These concepts are then linked to the study altagricchange in Polynesia. A
set of general cultivation techniques were employed Iloglulations in Polynesia, and
archaeologists have highlighted causal factors that soltehanges to those cultivation
techniques. The final section outlines the researclgrdesed in this study to document and

explain the course of agricultural development on Ofundsla
Perspectives on Changing Agricultural Systems

No concept has been more important in the study of agricutare intensification.
The continual critique of the concept since its incept@s led to a greater understanding of
the underlying conditions which lead to intensification dwlditernative processes that

characterise courses of agricultural change.
I ntensification and Process

The explicit examination of changing agricultural eps began in the 1960s with the
work of Boserup (1965) and Geertz (1963). Boserup (1965) argued for aaunniline
progression of agriculture from long-fallow shifting cuattion systems to short-falow
systems with high labour input per unit of land. This preadsncreased cropping frequency
and labour input was termed intensification. Eventualtig would lead to multi-cropped



plots with permanent field boundaries and the more intedsifind use practices documented
throughout the world, such as irrigation and agriculttueadacing. The study of agricultural
systems by Boserup led to a new explanation of why and htvatah strategies changed.
In contrast to Malthus (1798), who had argued that changitigatialn systems resulted in
population growth, Boserup argued that population growth wasaihee of agricultural
intensification. To Boserup, population growth acted as a tippingt, poiwhich the response
of the society was to develop technologies and strategiesvalodd alleviate population
pressures. However, Boserup argued that increased laboumioplat eventually result in
less efficient labour use with declining yields. Kirch (1984:1&%) describes this as an
inflection point where yield increases decline relatiseincreases in labour input. As
population increased and as the agricultural system veasiied, output per labour unit

was reduced.

Buiding upon the work and models of Boserup, Brookfield (1972) madieiexpe
connection between demographic carrying capacity and wuizsis change. However, given
that lack of congruence between populaton growth and setdeproduction in some
societies, he further proposed that social production, in thedbsurplus demanded for
ritual or poltical ends, influenced agricultural developmenta &imilar vein, Sahlins (1972)
argued that the intensification of production was in fhetresult of changes in the social
relations of production by which the domestic mode of productios maalified. For both
Brookfield and Sahlins, changes to cultivation systems wstilrdbased on perceived need,
but that perceived need included production for a variety miiast (e.g., subsistence,
surplus, and trade). Intensification was the process lmhwhiltivators increased the
concentration of production against constant land for difepurposes. The seminal
definition of intensification by Brookfield (1972:31) is:

Intensification of production describes the addition of inpyiso the economic
margin, and is logically linked to the concept of efiiciertbyough consideration of
marginal and average productivity obtained by such additiowpatsi In regard to
land, or to any natural resource complex, intensificationt imeisneasured by inputs
only of capital, labor, and skils against constant land. Tiheapr purpose of
intensification is the substitution of these inputs lémd, so as to gain more
production from a given area, use it more frequently, anceheake possible a
greater concentration of production.

Brookfield (1984) further made distinctions between innovatamd intensification. This
differentiation was made to distinguish between intensification, which was “burdensome”,

and mnovation, which “offers the hope of advantage” (Brookfield 1984:35). Genetic changes
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to plants or technological inventions that enhance productonbe termed innovation
(Kirch 1994:19), as they do not require extra labour input to chigiter yields. On the other
hand, intensification is gaining higher output througistieg technologies. Intensification in
the classic sense often involved more individuals workisgtdand area or individuals

working harder on the land.

Kirch (1994, 2006) has expanded our understanding of agricultueakiintation by
including what he calls cropping cycle intensificatiand landesque capital intensification,
the latter originally proposed by Blake and Brookfield (1987; seeRideokfield 1984).
Cropping cycle intensification is intensification ImetBoserupian sense of decreasing fallow
periods; landesque capital intensification is labour inplogg result in permanently modified
environments that increase production over time in fixed &eas (Kirch 2006:194). The
investment in landscape modification that increases ptioduover thelong termis a way to
reduce labour, as this creates a more productive systercathdte worked and maintained
with less labour input in the future. In some ways, laqdesmodification is similar to the
concept of agricultural involution (Geertz 1963), in whichirgtial investment in labour
reduces the need for future systemic change becausgsteen is buit to incorporate
continued strategies of intensification. The decision viesinin either mode of intensification
has implications for future development, which can imghettrajectory of agricultural

change.

The development of the intensification concept and subsegqtitoies has led to
recognition that uniinear models of agricuttural developmers untenable (Brookfield
2001; Kirch 1994; Leach 1999; Morrison 1994, 1996, 2006, 2007). Multiple courses of
agricultural development are possible, not just the umiinghort to long fallow sequence
documented by Boserup; in essence, what Morrison (2007:244) referred to as “lived
trajectories of change”. In order to document the different courses of agricultural
development, Morrison (2006:72) has argued that the process muatcde pto historical
and cultural context. This historical and contextual appraaparticularly relevant because
agricultural practices are part of larger landscape iistot.andscapes accumulate the past
efforts of human populations, and options for change are linfietistorical contingency
and what is possible within the system structure (hgn&007; van der Leeuw 2013; van der
Leeuw and Aschan-Leygonie 2000). The modification of theamvient, through niche
construction, can change the selective pressures gookimhuman populations (Day et al.
2003; Laland and O’Brien 2010; Lewontin 1982; Odling-Smee et al. 2003). The biological
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concepts of developmental constraints, genetic hitchhiking,caoptation developed by
Gould and Lewontin (1979) and Gould and Vrba (1982) may have profofauds efn
agronomic trajectories. For instance, the modification sfiegi cultivation strategies is
often geared toward a certain goal, but there are alwdyses®een consequences as
circumstances change. The function(s) of agriculturethnt@ogies, for instance, is not static.
It is dependent on the environment in which the technologigesl, an environment that is
dynamic. Relating this back to courses of agricultural developntee consequences of any
change to the agricultural system “immediately ramify and create new conditions for

production” (Morrison 2007:238; see also Lansing 2007); some over long temporal spans.

Critiques have ilustrated that agricultural systears constituted by several
strategies, not all of them the result of intensif@ati Leach (1999), for instance, has
chalenged the view that techniques viewed as non-inenspecifically shiting cultivation,
were replaced with more intensive practices over sequesfcagricultural change in the
Pacific. Nor can intensification be inferred from the pmeseof intensive cultivation
strategies (Leach 1999), since these may have beersthedhniques utlised in the
location. The characterisation of agricultural developmenintansification can only be

accomplished by documenting a process of increased labour ievstina set spatial scale.

The documentation of the different courses, causes, andquemses of
mtensification has led Leach (1999:311) to question “whether the multiple trajectories that
intensification has been shown to follow dilute its velghe point that it should be replaced
by more precisely defined terinsWhie the term remains useful (Allen and Ballard 2001),
Brookfield (2001:190) warns that “intensification is only part of the story, and its reductionist
explanation can lead away from understantlinge (2001) has argued that more attention
needs to be paid to the other processes of agricultural developuehtas diversification,
specialisation, disintensification and expansion. Thesgmeats echo similar arguments
made by Morrison (1994, 1995), especially as they relate to expansiomstance,
expansion, the spatial extension of cultivation techsigaka set level of intensity, was a
political strategy to increase surplus in both India and Hawai’i, which occurred at the same
time that other parts of the production system were bgeipgsified (Ladefoged and Graves
2008; Morrison 1995).

The distinction between intensification and expansiodegendent on the scale of

analysis. For a sequence to be labelled agricultural intaxt®fin, increased labour input
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must be demonstrated at a fixed spatial scale. If this islembnstrated, only intensive
cultivation practices can be identified. Perspectives frdieralit scales can be
complementary. Often the scale of analysis is equatédingilvidual plots of land, and
analysis at this scale has successfully documenteahtémsification based on field
segmentation (Ladefoged and Graves 2008). In contrast, S(@8BA) views intensification
from a social perspective and has argued that individualepofithould be used as the unit of
analysis, with increased labour investment into lands ownedworked by a single
population viewed as intensification. Populations often occupgd region, which may

also be the unit of analysias it is for Athen’s (1999) land use intensification. This is similar

to the definition of diversification used by Morrison (1995),clvhshe argued was a mode of
intensification. For islands, this means that one scaénalsis could be the island as a
whole. Any increased input of labour across the island calefed as land use
intensification, and when the island is small (less thO krf), this analytical scale may be
especially relevant. A multi-scalar approach that enatifiesent patterns of increased
labour investment to be highlighted at multiple levels idulisbuiding from the smallest

scale up.

Taking into consideration of the discussion above, it is itapbrto define terms. In
this study, intensity is defined as the amount of labouessery to cultivate land employing
a specific technique. Agricultural intensification is e as theorocessof increased labour
input into agricultural activities at a fixed spatiadaemporal scale. Multiple modes of
intensification exist, such as diversification, spes@aipbn, or technological innovation.
Agricultural development also includes expansion, the spatahson of a cultivation
technique at a set level of intensity, and disintengifica reduced labour input into
agricultural actvities at a set spatial and temporalke sddese processes lead to the
development of different cultivation strategies. Culivatstrategies are outcomes of
agricultural development that may or may not have beeiciexains of producers,
specifically stabiised and increased production. These amdsoutcomes can be better

understood by considering risk management and the sociabn®laif production.
Risk management

Allen (2004) has remarked that the study of agriculturahgehehas, at times,
privileged the identification of techniques that incee@soduction over the short-term. Some

studies of agricultural development ignore the temporetufition of resource production
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(Morrison 1994:139). Depending on the range of variation in prodygtiopulations that
experience fluctuations might employ cultivation sigis that stabiise instead of enhance
yields. Such strategies are usualy a response to riskig¢bldhnd O’Shea 1989). The usage

of risk in anthropological discourse is diverse (e.g., Baksh @misdn 1990; Boholm 2003;
Carter 1997; Cashdan 1990:2; Halstead and O’Shea 1989; Hardaker et al. 2004; Henrich and
McElreath 2002:172; Kealhofer 2002; Larson et al. 1996; Marston 2011 aMsstal. 2003;
Torrence 2012; Winterhalder 1986), but the term has been definén@ sariance of resource
acquisition (Winterhalder et al. 1999), or the probability ofiatesirable event or a shortfall
occurring (Cashdan 1990:3). In essence, agricultural rislageanent strategies can buffer

against shortfalls or reduce the variance of resource pi@muuc

Buffers take a variety of forms, but can be grouped into fqaestymobility,
diversification, physical storage, angckange (Halstead and O’Shea 1989). In all four cases,
these buffer strategies help “lessen the effects of resource variability” (Halstead and O’Shea
1989:3). Populations that employ a mobility strategy, more commomlgtiqged by hunter-
gatherers and pastoralists, seek unexploited patches piep@ of exploitation of a prior
patch that has resulted in at least some resourceedefci There are several types of
diversification. Spatial diversification is the use pased planting areas that may or may not
be located within different microenvironments, and can be equdtedexpansion in some
situations (Morrison 1995). Crop diversification refers to the af multiple crops within the
same cultivation regime to guard against crop specifi@artiaz Technique diversification is
employed to exploit multiple niches utlising more than ouigvation technique. Physical
storage, which can also be referred to as temporal divetieificais a method of saving
portions of harvests for future use. This is particulaffgctive when the population can
overproduce in good years (Marston 2011). Finally, exchange erbblese of resources
from a large geographic area at different times of yea& .dimilar to mobility, but instead of

moving from place to place individuals exchange their ressufor the resources of others.

Some risk management techniques directly reduce the t@ifjpctuation of
resource production by limiting sources of variabilty in émeironment. This can be
accomplished through the construction of agriculturahstfucture. Studies that define risk
management as decreased variance in resource productiore itliel examination of
subsistence acquisition strategies as rational deciiansaffect evolutionary fitness and
long term survivability (Allen 2004). This can be ilustiditeising examples from

evolutionary ecology. Frank and Slatkin (1990:244) have noted, “that it is not just good
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performance, on the average, that matters...but that variation in performance also plays an
important role in determining long-term evolutionary trénda this perspective, risk is
defined as “variation in the outcome of behaviour” (Winterhalder etal 1999:302). With risk,
the probabilty of any one outcome occurring is known, and theeowf variation (e.g.,
environmental and cultural hazards) are also commonly reedgnRisk is distinguished
from uncertainty in that uncertainty develops when thabgloiity of any outcome occurring
is unknown. Uncertainly can impact the abilty of organisimsnake decisions, but it is rare
that humans have total uncertainty as probability essnare within our mental capabilties
and multiple estimates can be analysed to isolate theati®st (Cashdan 1990:2; Henrich
and McElreath 2002:173; Real and Caraco 1986:373).

Risk prone groups are those that favour “behaviors linked to unpredictable over more
certain outcomes” while risk averse individuals avoid unfavourable behaviours i favour of
certain ones (Winterhalder etal. 1999:303). The empirical siadf these concepts in
evolutionary ecology is structured to present experimesitganisms (e.g.individual
hummingbirds or rats) with two options, one that provides ahlarifood source and another
that provides a constant amount of food. The yield of the ariebbice ranges from well
above the minimum daily need to below that survival thrdshdhe yield of the control is
never as high as the maximum yield provided by the higanear choice, but always

provides enough for survival.

Researchers have proposed numerous models based on resultsiroéatgebut the
most widely utiised is the Z-score model or equation (Cai®&0; Stephens 1981; Stephens
and Charnoz 1982; Stephens and Paton 1986). The z-score model @grhically
displayed as the following, whereyRis the survival thresholdj is the mean of resource

acquisition, and is the standard deviation:
Z = (IJ. - Rmin)/G

The z-score model predicts that the benefits of being rskepand risk averse are
dependent on context (Caraco 1980; Real and Caraco 1986). The nimdelas the
assumption that all organisms act to imit the chawnddaling below a survival threshold.
The variance and the mean of resource acquisitioradttéhrough time, and it is the
interaction that influences decision making. Thesengs&ns are supported by
experimental results (summarised in Real and Caraco 198én @ien the choice between

a high variance return that can fall below requiremeamd one with a low variance return
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that always meets nutritional requirements, most asirohbose the low variance option.
However, as the mean of the high variance return ieased, to the point where the lowest
or close to lowest return meets daiy requirements, aniteald to favour the high variance
option. The model is very simplistic and limitations haverbeoted (Winterhalder et al.
1999:309), but it has substantial explanatory power. Based on expidimesults, Marston
(2011) has argued that the model has implications for thefusilierent agronomic

strategies (Fig. 2.1).
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Figure 2.1 Z-score implications of different agronmic strategies (From Marston 2011:192). R represesit
the starvation threshold of a population where a) atrategy with moderate kurtosis, a mean higher tha
the survival threshold, but a range that extends Bew that threshold (base case), b) reduced variance
strategy with high kurtosis and a mean above the atvation threshold (variance minimisation), c) a
strategy with a large range but the range is greatethan the starvation threshold (e.g., overproducton),
and d) a strategy with a high mean and low kurtosisvith a positive skew (e.g., irrigation)

Along similar lines, explicitly using principles of beédging (see Hunt and Lipo
2011; Madsen et al. 1999), Allen (2004) used the assessment of stskiycagricultural

development in Hawai’i. She has argued that strategies of short-term increased production, or
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product maximisation, can be beneficial when the environnsesiiable or when the
population is significantly below the carrying capacity hef environment and technology.
When the environment is stable, the probabiity of a yield fallold low, which enables the
practice of risky behaviour. Variance minimisation sgiete are beneficial in variable
environments when a population is in danger of exceedingingaregpacity. These strategies
act to limit sources of variation in the environment sasfdrought, cyclones, or flooding,
thereby reducing the probabiity of yield shortfall. Withoatriance minimisation that
stabilises the food supply from yetaryear, sufficient resources are only acquired in good
years. Production can fall below carrying capacity when “lean” years occur and hazards result
in decreased yield. This might result in populaton dedineomplete extirpation. Put
another way, decisions to invest in techniques thatistalyield reduce food avaiable
relative to other strategies that would have maximised pteiy over the short term. This
limits population growth and maintains a population level ¢iaatt be supported by the
production system (Allen 2004:206-207). The intersection of ttreseutcomes (i.e., yield
stability and sustainable population levels) means thet the long term the probabilty of

population sustainability is increased.
Social Relationsof Production

As noted above, the aims or outcomes of agricultural developmeniecgto social
relations. Cultivation is often implemented by householdthendomestic mode of
production (Stanish 2004:10n Sahlins’ (1972) view, based on work of Chayanov (1966),
this domestic mode of production is one characterised by hadisehdérproduction centred
on the cultivation of food for subsistence, as opposed to social pargdategies that
increase production at the level of the household, whethexgansion or intensification,
may be a response to population growtha(Boserup 1965).

Still, there is little doubt of the influence of domestic n©dé production on courses
of agricultural change (Lepofsky and Kahn 2011), and evidence poitie ability of small-
scale producers to create and maintain complex productioensygEarle 1978; Erickson
1993, 2006; Feinman 2006; Lansing 2007, Netting 1993). The household farmer may not
attempt to produce surpluses beyond subsistence needs, but devidr B to minimise
costs of food acquisition. The minimisation of costs malydec capital investments in the
landscape, even if only to satisfy household subsistencdiniN&093:299). The farmers

themselves hold valuable ecological knowledge that may artamt for eficient and
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sustainable land management (Lepofsky and Kahn 2011). The iapgmeof domestic
modes of production in courses of agricultural development is imgoliecause, as
Morehart and Eisenberg (2010) discuss, the practice of adltivag undertaken at a local

scale and in the hands of the farmer.

Even so, individual farmers or households are situated wiider socio-poltical
matrices. Though highlighting the organizational and maiadgeapabilties of farmers in
Bali, Lansing (2007) clearly ilustrated the connectionwieen production and social
negotiation. In some instances, these matrices of sedaibns can result in economic
negotiations between eltes and households. Intereisé inantrol of wealth by leaders can be
traced to Marx and Marxist approaches (see McGuire 1992). Mubstemlogical studies of
the influence of social complexity on courses of agricaltutevelopment highlight the
inluence of staple finance systems that extract reesuor poltical purposes (Earle 1997;
Johnson and Earle 2000). Sahiins 72:940) recognised that “the development of rank and
chieftainship becomegarsi passudevelopment of productive forces”, creating a political
economy. Hirth (1996:2205) defined the political economy “as that sector of the economy that
extracts surplus from subsistence households and thegdstal finance social, poltical and
religious institutions” (see also Johnson and Earle 2000:24-27). From the political economy
perspective of Stanish (2003:22), “the key process is one in which control of some wealth

shits from domestic groups to larger and stronger orgenmgit

Whie technologically complex agricultural systems miglaive been constructed by
households or individual farmers, certain technologies (e.ds, wabation systems,
terraces, or even storage facilities) may have enablack fmanagement by eltes (e.g.,
D’Altroy and Earle 1985; Earle 1978, 1997:85; Ladefoged and Graves 2008). Morehart
(2010:78) notedhat “intensive strategies and capital investments of local groups create
conditons in which they can more easily be controlled by pdwélers seeking to finance
the political economy”, and “smallholders can establish the conditions for their own potential
exploitation” (Morehart 2010:89). For instance, water control technology can be constructed
without elte management (Lansing 2007), but such engrelrelscapepresent
opportunities fomanagement. When different cultivation techniques loffieze nt
productive capacities, social bottlenecks may be createdathdiecappropriated and
controlled by leaders, creating a system of unequal aaessré productive lands (Earle
2011ap). The control of water can be a particularly significanttidwck in societies

practicing large scale irrigation. When water is igstl by the working of channels and the
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spatial variation in stream systems, the configurapogsents an opportunity for the control
of a resource that enables high resource productivity (Mdr2Ba0:88). The appropriation
and control of production systems or resources can be the sburealth and power that
contributes to the ability of leaders to retain influen&arle 1997). The significance of the
high priests of the Balinese water temples owes mutheiorole in managing water used in
agricultural production through the agricultural calendaenethough farmers themselves

managed and worked the land on a daily basis (Lansing 2007).

The development and use of more intensive agricultursiersg enable an elite class
to control and extract surplus, funding poltical ambiton ogating group risk (e.g., Earle
1997; Kirch 1984; Ladefoged and Graves 2008; Spencer et al. 1994; Stanish 1994, 2003,
2004, 2006, 2007; Wittfogel 1957). Control of labour for construction and doltvavas
made possible by social factors ranging from ideology to forade(EL997). Surpluses
generated and then controlled by eltes could be funnelledpaitical action, such as corvée
labour projects for temple construction or expansive warfgre. cultivation of land
conquered by groups, and appropriated by warriors to elites, couldbdlbeme avenues for
increased production through the expansion of cultivatichnigues at set levels of intensity
(Kirch and Sahins 1992).

Therefore, in courses of agricultural development, it gomant to recognize that the
motivations behind changing cultivation strategies areg@pminfluenced by multiple
parties (e.g., Janusek and Kolata 2004; Lepofsky and Kahn 2011; Md&ehartMorehart
and Eisenberg 2010). Culiivation is an activity that isagcembedded in economic
negotiation. Farmers work within social constraints ecbdty elites, and elites rely on
farmers to cultivate the land. The accumulation of weatitli power via agricultural
production not only relies on a leader’s ability to control systems of production, but also on
the abilty of farmers to actualy produce beyond subsisteeasls. Certain cultivation
strategies or techniques also persist beyond a single gholiigime that had, at one historic
moment, taken control, and these strategies or techniquelse caopted by future groups for
subsistence or political reasons. This creates “historical flexibility” in production systems
(Morehart and Eisenberg 2010:16). An exclusive focus on faroeelites eldes the
importance of social interactions that occur during csucdeagricuttural development. Such
a view is recognised by Erickson (1993:411) in the case of rebdsystems in South

America, wedding aspects of household production and social control
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What raised fields and other landscape capital systemsadidoatie farmers to the
land, making them relatively immobile and subject to labredsand tribute. Such a
situation is beneficial to the state in that such damsnmcan easily be controlled and
labour and goods can easily be expropriated for the elite’s purposes. As long as the
tribute flowed from the local communities, it would not toehe state’s best interest

to meddle with well-established and efficiently functioniragsed field agriculture.

Summary
As Allen (2004:206) notes, the process of agricultural development:

may take a variety of forms (e.g., increased labour and cayptats, specialisation,
divesification, and...expansion), may be directed to different purposes (e.g., basic
subsistence, generation of surplus, risk management), antaveyaried outcomes
(e.g., productive increases, enhanced stabiity, or even agwmriaiuie).

Because of its complexity, agricultural development camést productively studied as a
process that is situated within a wider ecological andratlframework. The process and
outcomes of agricultural development are dependent on sdaetails. It is essential to first
identify general patterns of change in the location, ilpod, and management of
agricultural systems, and then analyse the links betterse patterns and wider cultural and
ecological characteristics. This study seeks to condubt @u@nalysis on a Polynesian
island, locations used as model systems for the study @fesrolgical and ecological
questions (Kirch 2007a; Vitousek 2002).

Variability of Agricultural Development in Polynesia

The concept of agricultural intensification has be@auus describe most documented
sequences of agricultural change in Polynesia. In derérah (1982, 1984, 1994) has
argued that Polynesian agricultural development invojyexesses of adaptation, expansion,
and intensification that employed a mix of arboriculturen-fed, irrigated, and wetland
techniques. However, many researchers, Kirch included, dewenstrated that courses of
agricultural development were variable (e.g., Addison 2006; Ki@9v, 2007b; Ladefoged
and Graves 2008; Leach 1979; Lepofsky 1994; Lepofsky and Kahn 2011), alhijclud
range of cultivation strategies that are a result fafrdifit cultural and environmental
characteristics (e.g., Allen 2004; Kirch et al. 2012; Ladefoged 2089; Lee et al. 2006;
Vitousek et al. 2004). This section briefly discusses featuresitvbtion techniques and

agricultural development in Polynesia.
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Arboriculture

Some degree of tree cropping was practiced on most Polyrislsiats, and the
origin of the activity dates before the human colonisatidiiRemote Oceania (Kirch 1989).
The practice was apparently supplemental but important in piasts (Lincoln and
Ladefoged 2014), and arboriculture became a significant compohenbduction systems of
the Marquesas Islands (Addison 2006; Huebert 2014; Kirch 1994:304-305yciety S
Islands (Lepofsky 1994), and Tikopia (Kirch and Yen 1982). The cutivatif tree crops
(e.g., breadfruit Artocarpus altiliy and coconut Gocos nuciferg enables an eficient use of
the landscape by increasing the vertical capacity gbribduction system (Latinis 2000:50).
For Latinis (2000:43) tree cropping is a long-term landscapstinest that is a more risk
averse response to environmental variability relative tdipeacwith short-term payoffs (see
also Terrel et al. 2003).

For Tikopia, Kirch (1994) argued that arboricuture was the chpa¢h of
intensification, the development of which occurred relgtMate in the prehistoric sequence
(~ 15" century AD). Economic trees (e.g., breadfruit and coconurbe@ sustainable
resource that reduced slope erosion and helped to maintaim basidiversity by providing
increased habitat (Kirch 2007b; Kirch and Yen 1982). Kirch (1994:30v)ned up the
nature of intensificationn Tikopia: “through a particular combination of historic
contingency, human choice, and environmental constraintTikbpia gradually evolved a
highly intensive, multistory, system of orchard gardehingsing botanical evidence (e.g.,
charcoal), Huebert (2014) has documented a similar sequera@stdpe domestication in
the Marquesas Islands. Here, breadfruit was likely cidtivashortly after island colonization,
but was spatially variable. The crop only became more imporiathie subsistence system
after the 18' century AD, which may be tied to the abiity to store ttepdo mitigate the
risk of production shortfalls. However, tree cropping could not betiped everywhere.
Breadfruit and coconut, the two most important tree crops inetiien, grow well in the
tropics but can be difficult to cultivate in the subtropicsplates such as Rapa, tree crops
never became a significant part of the subsistence egogwem the dificulties involved in

their cultivation in such an environment (Anderson e2@12).
Rain-Fed Dryland Cultivation

Rain-fed cropping techniques were variable and involvedciligation of a wide

variety of crops, most notably yanBigscoreaspp.), sweet potatdppmoea batatgstaro
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(Colocasia esculenjaand bananaMusaspp.) (Kirch 1991b:120-121,1994). The most
widely spread technique was slash-and-burn shiting cidivatThe documentation of these
strategies is difficult, but they had a marked impact omtiveonment. Forest clearance
associated with shifting cultivation caused erosion agdtaéon change, and these proxies
are useful for studies of agricultural change (e.g., AtHE9D7; Athens and Ward 1993;
Athens et al. 2002; Clark and Michlovic 1996; Kirch 1996; Kirch andtH.993b; Kirch and
Yen 1982; Kirch et al. 1992; Lepofsky 1994; Mann et al. 2003; Pearl 2006). Thotigtg shi
cultivation is often treated negatively in referenoestivironmental degradation and equated
with the idea of “future eaters”, it can be sustainable and low impact in environments of low
population density when used efficiently (Geertz 1963:15-28)lisBesmith (1985) showed
that shifting cultivation can be highly productive per wifitabour in tropical environments,
and Geertz (1963:16) argued that for tropical shifting ctibma

In ecological terms, the most distinctive positive characteristic...is that [shifting
cultivation] is integrated into and, when genuinely adaptwaintains the general
structure of the pre-existing natural ecosystem intactwitiis projected, rather than
creating and sustaining one organized along novel linesispidying novel
dynamics.

Such a situation can be accomplished through the impletioantaf the multi-cropping of

root crops (e.g., yams and taro), herbaceous crops (e.g., banana¢eamdgs (e.g.,

breadfrut and coconut), a practice which is known ethnohistilyi from several islands
(Addison 2006; Carson 2006; Kirch 1994; Kirch and Yen 1982; Lepofsky 1994; Yen 1973).

A sequence of changing depositional patterns is not a markiee okensification
process (Kirch 2006), but it does aid in the identification @fdkpansion of shiting
cultivation systems. Thus, while land clearance andtatime change reflecting cultivation
is welFdocumented in the botanical record of many islanass,importance and practice of
shiting cultivation through time throughout the regignpoorly understood. On many
islands, shifting cultivation was among the first tagqies employed (e.g., Kirch 1994, 1996;
Kirch and Hunt 1993b; Kirch and Yen 1982; Lepofsky 1994; McCoy 2006). Ld289)
suggested that the technique maintained importancegthrine prehistoric sequence of most
islands, and Yen (1973) documented the practice ethnographaallye small island of
Anuta alongside more intensive techniques. It seems @dalsoto suggest that this situation
was not rare, and it is likely that shiting cultivatidiad a long history on many islands in the

region along other techniques.
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More intensive rain-fed dryland cultivation systems rofteolved the use of
permanent plot markers. In Hawar’i, dryland agricultural development has been documented
by the examination of the temporal patterning of stone arilem alignments (cf. walls,
embankments, rows) in expansive field systems (e.g., Allen Zévk 1986; Kirch 1984;
Kirch et al. 2004; Ladefoged and Graves 2000, 2008; Ladefoged et al. 2003; McCoy 2006;
Rosendaul 1972). These alignments functioned in multiple ,veagh as defining plot
boundaries and limiting wind-caused erosion and evaporatioifC@i12006; McCoy and
Hartshorn 2007). Ladefoged and coleagues have demonstratetletivelopment of the
leeward Kohala feld system constituted by these alignmeaisbined processes of
expansion and intensification, both of which were imporfaators that effected the social
relations of production (Ladefoged and Graves 2008; Ladefoged2€08l). Most
developments in the system occurred in late prehistoryeii@" century AD and later, with
some use of the landscape as early as tledftury AD (Ladefoged and Graves 2008:778-
779; cf. Dye 2011). Such feld systems are known from most ldeemnronments on the
youthful islands of the archipelago, though the temporal a@veint of each system is
slightly different (Allen 2004; Clark 1986; Kirch et al. 2004; Mc2806).

Systems of earthen and stone alignments, or embankme ntshd®vedentified
elsewhere in Polynesia as well (e.g., Barber 2004; Bell 2012; BU®R9; Kirch 1994;
Jennings and Holmer 1980a; Leach 1976, 1979; McFadgen 1980a; Steverisa99; a
Sulivan 1985). On Alofi in West Polynesia, Kirch (1994:237-241) ifledtistone
alignments that he interpreted as field boundaries, but digtugy them in detail. In Samoa,
a series of stone alignments, which appear to have beembhit 13" century AD or later
(Jennings and Holmer 1980b), have been identified that maydeaved to demarcate garden
areas, though these were closely associated with residfeatures as well and may not have
served an agricultural function at all. In New Zealastbne and earthen alignments are
known from several contexts (Barber 2004:177-181), but the mostdstack those in
Paliser Bay. Here, Leach (1976, 1979, 1984) demonstrated thatunftast! developments
in gardening first occurred in the "18entury AD and expanded theresftéaking the form of
terraces, stone alignments, and mounds. These areas eveabéindoned by the ¥@entury
AD or later. Similar evidence of stone algnments has kksified in the Auckland region,
which Sulivan (1985) suggests saw a period of expansiore in4h 16" centuries AD.
Additionally, multiple phases of field expansion and inté&esiion have also been

documented for Pouerua by way of a relative dating method badbe spatial relationships
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among algnments (Bell 2012). Leach (1999) warns, though, thatingqualls found in
New Zealand with those from Hawai’i is problematic, suggesting that they might represent
markedly different cultivation strategies based on difieeenin scale.

Dryland terracing is common on Polynesian high islandg., (&len 2004; Fuery
2006; Kurashima and Kirch 2011; Lepofksy 1994; Lepofsky and Kahn 2011).rBerBa
(2004:182) pointed out, specifically in reference to New Zealawacing is to be expected
in environments that have limited areas of low relefte@fthese features are difficult to
distinguish from irrigated systems (Kirch 2006:197) or resideféalures (Barber
2004:181); though, certain physical characteristics may supperfunction over another.
For the Society Islands, Lepofsky (1994:256) posited that some digaiadtes may have
served as house gardens for tuber cultivation or arborgulan interpretation she based on
the absence of material reflecting residential use f@ngitesence of garden soils and
charcoal. Allen (2004) suggested that terracing aided tdisstabibpes and improve growing
conditions in leeward Hawai’i, with their agricultural function suggested by a lack of
artefacts. Rain-fed terraces are also known from colsl@des of windward valleys on
muliple islands of the Hawaian Archipelago, which &sitima and Kirch (2011)
documergd as important components of production systems. Ethnographdadymented
dryland terraces on the Polynesian outlier of Anuta edepérmanent cultivation spaces

(Yen 1973:124), which allowed more eficient management whestedee

Few of these features have been dated. In New Zealantbchlimgue may have been
practiced as early as the'Bentury AD (McFadgen 1980b:5). In the Society Islands, these
features appear to have been buit as early as fheetrury AD, and then expanded
thereafter (Lepofsky and Kahn 2011:324). Terraces were some fykthinfrastructure buil
in the Kona field systems on Hawai’i Island, the earliest examples dating to as early as the

15" century AD (Allen 2004:209).

The use of lthic mulches has been reported from RaparnduNaw Zealand (e.g.,
Barber 2004:185-188, 2010; Bassett et al. 2004; Ladefoged et al. 2013; McFadgen 1980b;
Stevenson 1997; Stevenson et al. 1999; Vitousek et al. 2014). Such sdditgarden soils
aid in regulating soil moisture and temperature, enhargioging conditions for tropical
plants. Other materials may have been used as mulch,asisitell (Barber 2013). On Rapa
Nui, thic gardens appear to have been developed by tiieerfiury AD, expanding
thereafter (Stevenson et al. 1999). Ladefoged et al. (2013) haemsterted that these
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gardens are distributed in reference to soil nutrient Jevall few garden areas apparent
above elevations of 350 masl because of high rainfallittegases nutrient leaching (see
also Wozniac 2003). In New Zealand, soils with lithic additionge lmwide distribution over
both the north and south island (Barber 2004:188), and variatipartinle size and density
have been noted (Furey 2006:46). The chronology of these modifiedissedmewhat
uncertain, but most do not appear to pre-date tHec&Btury AD, and many more than likely
date later (Furey 2006:50). Barber (2010:82-83), for instance, nadedf tise technology in
the South Island in the T6entury AD.

The use of drainage ditches in dryland settings is alewrkifior New Zealand,
among other places. (e.g., Barber 2004:182-183; Davidson 1974a; Furey 290i6; Ish
1974). These are different than raised or island bed systems fowetland environments,
and, for Spriggs (1982:10), the difference between raised beds aajelraystems is the
lack of a supply canal in the latter. Dryland drainage efitclikely functioned to reduce soill
erosion and protect crops from high energy precipitation rfuiFeirey 2006:36-39). In
several locations in the north island of New Zealand @og® dicches that connected to
drains that parallel the slope likely acted to drain wateura cultivation plots (Barber
1989:30-36). In some examples, ditches converge downslope and B£&821B32-33) has
posited that these may have been used for the reticulafiovater to cultivate crops situated
downslope (discussed below). The chronology of drainage ditchmsysteNew Zealand is
poorly understood. Some may have been constructed as easdylas th8' century AD, but
it is more likely they were buitt in the 1617:" centuries AD (Furey 2006:38).
Morphologically similar systems have been documented ino&atating to the last 500 years

before European contact (Ishizuki 1974

The cultivation of crops in pits or depressions has beenfigéntn a range of
environments (e.g., Stevenson et al. 1999; Yen 1973), both wet and dhg bet¢hnique is
most commonly associated with atoll environments (Chazine 20d2y 1991b:121).
Because of the relative lack of standing or flowing fregbw in atoll environments, pit
cultivation involves the excavation of a pit to the natineshwater lens. These pits are filled
with compost or mulch to create an artificial gardeningzbaorito enhance growing
conditions. The technique has a long antiquity in Micron@aiisler 1999, -2"Ycenturies
AD), where it is most common, but extant systems haeelsden identifiedin Anuta (Yen
1973), Tokelau (Quintus, unpublished data), and in the Tuamotuipélego (Chazine
2012).
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The cultivation of crops in pits or depressions is also knoam fRapa Nui
(Stevenson et al. 1999), where they are technologically ediiethan those of atolls. This
technique does not seek to tap into groundwater, but rathesitaudepression to protect
crops, which may be flled with lithic and organic mulch. Tiivate the planting area,
smaller circular depressions are dug through the storeia whe feature to the soil layers
below. These planting areas presumably act to reduce variatisoil temperature and

decrease wind speed to limit evapotranspiration (Morrison 2012:359-362)
Irrigation, Pondfields, and Wetland Cultivation

The cultivation of taro in irrigated and wetland envir@mts, either natural or
artificial, produces some of the highest yields of anyrigob in the region (Kirch
1991b:122), and can take a variety of forms (e.g., Barber 2001; Clark 1986;1Ri’7;
Kirch and Lepofsky 1993; Riey 1975). The most technologically comipler is flooded
pondfield systems. These systems have been identified ioasvaslands in a number of
island groups (e.g., Addison 2006; Bartruff et al. 2012; Bolt 2012; Campbell R@Oh;
1994), and they are especially wddeumented in Hawai'i (e.g., Allen 1991, 1992; Clark
1986; Earle 1978; Kirch and Sahlins 1992; McCoy et al. 2011; McElroy 20ey; K73,
1975; Spriggs and Kirch 1992; Tuggle and Tumonari-Tuggle 1980). The ctiostrof
pondfield irrigation systems is a classic case of landesgpéal intensification, in which
heavy labour costs are invested in construction buutheefcosts of maintenance and
continued production are limited. These systems are ctettitoy a series of terraces and
canals that enable the flow and accumulation of wateofawbutaries. While the
construction of irrigation systems is often equated Wtith intensification processes, the
identification of the process requires that a less imensultivation practice was present
before the construction of the systems (such as in ¥ah #972). Some examples of

pondfield construction represent processes of expansion (1S&).

For Futuna, Kirch (1994) suggested the development and exparismondfield
irrigation systems occurred after lowland alluvial valifilling in the latter half of the first
millennium AD, with more infrastructural investment docoted in the 1-18" century
AD (Kirch and Lepofsky 1993:186). Addison (2006, 2008) argued that wetiatineht@on
might have been a useful technique at island colonizatiche Marquesas, though the only
dates avaiable from pondfields (n = 2) demonstrate construtctid®" century AD at the

earliest (Addison 2006:733). A similar chronology has been infen@d Mangaia, where
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wetland cultivation was only possible after the infilling alluvial valeys in the 14 century
AD (Kirch and Lepofsky 1993:191). The constructiofipondfield infrastructure in Hawai’i
was underway shortly after the human colonization oftislipelago (12 century AD and
later; Allen 1992), expanding thereafter (McElroy 2007). Somersgstwere not built until
after historic contact, such as those of Anahulu Valleypat of renewed investment

motivated by chiefly territorial expansion (Kirch and $&hl1992).

Simpler irrigation systems, constituted by stonefaceddiag in streams without
artificial canal systems, have been identified in theiedy Islands (Lepofsky 1994) and in
Hawar’i (Clark 1986:539-542; McCoy and Graves 2010, 2012; Riey 1973, 1975:87). These
features are barrage systems that take advantage refttingl topography with a series of
dams that enable cultivation. These may be referred ttegsied systems using
components of rain-fed and flooded techniques (Clark 1986:539). Clark ([d88fpented
agricultural systems in Waimea on Hawai’i Island that were built in streams or gullies but did
not include artificial channels, in addition to simplegation systems that channelled surface
run-off to non-flooded cultivation plots. McCoy and Graves (201§)eat that this form of
cultivation was an innovation in Hawai’i to take advantage of specific environments,
developed in the 1Bcentury AD or later. For the Society Islands, Lepofsky (1994:268) a
documented the late prehistoric or early historic impleat@mt of simple irrigation
techniques as well, though this was based on a imited tafaseparable systems, though
on a relatively smaller scale, may exist on Olosegadsia Samoa, in which a series of
terraces were constructed in stream beds (Quintus 2011, 2012latiEniscase, however, is

more uncertain.

In New Zealand, some ditches transported water into log/ Breas, and may
better be termed as simple irrigation techniques, thoudles@vated to create drains and
channels may stil have been used to construct cigtivabeds (Barber 2004; Fey 2006).
Taro cultivation in these reticulate ditch systemsg tmave only been feasible on freely
draining soils in the far north of New Zealand (Barber 2001),atimer crops have been
noted in and around the ditches as well (Horrocks and Barber. 2805)iggested by Barber
(1984), at least some ditches may have been used to redistiatge around the garden
areas. Dates from systems suggest their constructitire i16" century AD (Barber 1989:38-
40).
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Wetland techniques also took advantage of natural swamp € leads, a
technology identified as island bed or raised bed systems. @&hef natural wetlands for
cultivation is known from several islands (e.g., Addison anat @008; Alen 1998; Buck
1930; Kirch 1975; Kirch and Yen 1982; Lepofsky and Kahn 2011:325; Ladefoged 1993:83),
but the amount of labour invested in the modification cdeheatural wetlands is variable.
Cultivation in these environments was only possible whenmarsh or swamp was freely
draining, as crops can rot quickly in stagnant environmenis;istithe reason why drains
were required. Drains were not used to completely remover frate these environments,
but to enhance circulation thereby improving growing conditimrshydromorphic crops
(Le., taro) (Kirch 1991b:121).

In Tropical Polynesian and on Polynesian outliers (e.g.hkar@ Yen 1982), the
technique involved, and stil involves, the excavation sd@es of ditches or drains, the
material then piled to create “beds” on which crops could be cultivated. The temporal depth
of these techniques is unknown, but it is hypothesisedwiignd environments were an
important cultivation zone at the time islands were czdohi(Addison 2008). Some evidence
of early use of wetland environments in East Polynesiabéas identified on Rapa in the
11" century AD (Prebble and Anderson 2012), but the formation of atb#iand marshes
occurred after human colonization (e.g., Allen 1998; Clark amthiddic 1996; Kirch and
Yen 1982).

This review of agricultural techniques in Polynesia detmaies the significant
variability in practices throughout the region. Thisiat@mm is remarkable because of the
imited suite of crops cultivated. Populations employed a cotigiinaf techniques to meet
subsistence and social needs and demands. It is withisetig® that some islanders created
mosaic cultivation systems and the construction ottlufierent systems can be termed as a
process of landscape domestication (Baleé and Erickson 200él €eal. 2003; Yen 1989).
The development and employment of some of these techniquest a&@amples of
intensification, and are better termed as processes of expansdiversification (Leach
1999; Morrison 1995). Some of these techniques helped to stabiliggothaction system,
while others were meant to increase short term produatibsufplus. Outcomes of processes

of agricultural development were influenced by several factor
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FactorsInfluencing Agricultural Development in Polynesia

The explanation of courses of agricultural development ynBsib is complex.
Mirroring the rest of world, various frameworks have been prapthed have privieged the
role of multiple overlapping factors, specifically populatiomovgh, spatial and temporal
environmental variability, and socio-poltical change. No on®faaccounts for any one
course of agricuttural development. This section briefly sumsess factors and their posited

inluence on production in Polynesia.

High resolution demographic estimates are lacking for mlasids, but degree of
magnitude population growth has been linked to increased pioydietg., Kirch 1994:310-
312; Lepofsky 1994). Simply put, larger populations require more foodh(Rd©6:205).
Initial changes to agricultural systems, specificallyreases in area under production, could
be a response to simple population growth. Kirch (1984:193) went so far as to opine: “that
population growth was a spur to the intensification of proalucih all Polynesian islands
would seem hardly to require lengthy argument”. Nevertheless, Kirch (1994:312) has also
stated that “recognition of the role of demographic pressure...must not lead us to the fallacy
of placing the entire explanato burden...on demographic change”. In Hawai’i for instance,
empirical evidence supports the growth of population duringexpansion and
intensification of agricultural activities (e.g., Fiedd al. 2010, 2011; Kirch et al. 2012).
However, the rate of increased production outpaced this demagrelpdnige (Ladefoged and
Graves 2008:784; Ladefoged et al. 2008). The pressure of population gvasiiiot the only
factor involved in the process of agricultural development.

Since the pioneering work of Sahlins (1958), correlations have dr@svn between
the size of an island and the complexity of economic andcabliictivities, with smaller
islands being less complex. Certainly, the smaller taedisthe smaller the population that
can be supported by the island’s “carrying capacity”. Opportunities for agricultural
diversification are limited by the general homogeneitythefenvironment, and the evolution
of landscapes can change the make-up of the ecosystendrao&tically than on larger
islands (e.g., progradation changing the ratio of shallow endarterrestrial lowland
environments). Population controls may be necessary to etheuoentinued resiience of the
people (e.g., Firth 1936 for Tikopia). However, it is important to noteidlaad size may not
directly correlate with the amount of arable land (Kig07b), and the entire land area of

some small islands could be completely under production (Kidhvan 1982; Yen 1973).
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The interaction between small island size, population tyroand the subsistence economy
can lead to highly intensive cultivation systems, anchigteric situation on Anuta may
reflect one of the most labour intensive agrosystembeirPacific (Yen 1973:147). In this

way, island size presents opportunities and constraintsridolagal change.

Emphasis has long been placed on the opportunties and cosspeesented by
variability in the physical environment of individual mis or archipelagos. Of particular
importance is the wet and dry distinction between windvard leeward regions of islands
and archipelagos (Barrau 1965; Kirch 1984, 1994, 2007b; Riey 1973). This envitahme
contrast creates dual production systems, dryland technitp@mating the economy of
leeward districts of islands and wetland techniques domipdatie economy of windward
districts. This environmental division resulted in a sfisatton in each area on different

crops and technologies (Kirch 1994).

Potential for agricultural production differs considerablymate localised scales,
owing to rainfall patterns, slope, elevation, and soil nutrlemls (Field 2003; Kirch 2007b;
Kirch et al. 2004; Ladefoged et al. 2009, 2010, 2011; Vitousek et al. 2004, 2010). Some
environments were better suited for, or necessitated thef,ysarticular techniques (Barber
1989), and cultivation in more marginal areas presented temgresk of yield shortfall (Allen
2004; Ladefoged and Graves 2008; Lee et al. 2006). These specific enmi@insieiations
can result in circumscribed production zones (Ladefoged 20@8, 2013), which were
subject to cultural preferences as well (Lincoln and Ladefoged 2014). In Hawai’i, intensive
dryland agricultural production was largely constrained hbyrélationship between substrate
age and precipitation, with older substrates that recee rainfall less likely to be able to
support cultivation (Ladefoged et al. 2009). In New Zealand, wetdiching is restricted to
the North Island, where higher annual temperature ahdted fluctuation could support taro
growth (Barber 2001).

The temporal changes in landscapes and climate alsenio#d agricultural
development. General subsistence changes have been dxigim®astal landscape
evolution; the impact of both human-induced sedimentatiochsaa level fluctuation (e.g.,
Allen 1997, 1998; Kirch 1988; Kirch and Yen 1982). A reduction in reef @aased by
progradation in Tikopia eventually closed a saltwater embaymehich decreased the
abundance of marine resources and could have been onerfaatoincreased focus on

terrestrial food production. This sequence eventually led iotensive orchard garden
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system (Kirch 2007b; Kirch and Yen 1982:330). For New Zealand, Lewtheach (1979)
argued that the interaction between declining climaie ita effects on food production and
marine resource exploitation resutted in the abandonmemioref marginal areas in the'16

century AD.

Landscape change can improve productive capacity as weslndw well-
documented that human-induced geomorphological change ccoggiertunities for
cultivation in previously unused areas (e.g., Kirch and ¥#82; Spriggs 1981, 1997).
Erosion of slopes has often led to the infilling of ancientskmylakes and the creation of
arable wetlands (Clark and Michlovic 1996; Kirch 1996; Kirch and ¥@82). The most
pronounced effect of this was the formation of environmesnitable for irrigation on some
islands (Kirch 1994:242, 280). The formation of marshes conducivee tautiivation of root
crops is explained in such a way as well (e.g., Alen 1998; @laatkMichlovic 1996;
Dickinson 2014; Hunt and Kirch 1988).

The deposition of terrigenous sediments also expanded ldablesuor dryland
cultivation. In Hawai’i, Vitousek et al. (2003) have documented that the fertility of colluvial
slopes can be increased by the introduction of nutrientsgthretosion, and the dynamics of
landscape evolution can make sois on even the oldestadaebfgrtie. Intensive cultivation
practices are documented on these slopes from multiplelsisianthe Hawaiian Archipelago,
and the technique may have been an important componenieyo peoduction systems
(Kurashima and Kirch 2011). On smaller islands, productive amdscreated on coastal flats
when terrigenous sediments are mixed with organic renadipgst occupation and
calcareous sand and coral. Such anthropogenic soils are waheloied from Tikopia
(Kirch and Yen 1982) and Niuatoputapu (Kirch 1988), where they lmecsame of the most

productive soils on the islands.

Temporal variation in the physical environment was also adagr in the
development of agricultural infrastructure. Alen (2004) hasied that intial landscape
capital investments in Hawai’i (e.g., terraces and stone and earthen banks) probably were
geared toward stabiising yeto-year yields in the face of temporal variation in edinbind
erosion. Both Campbell (2001) and Addison (2006) argue that wetland podsgstems
were an important risk management device at multipletgpoihthe cultural sequence in the
Marquesas and Cook Islands, due to the fact that annual giedthoe in these systems is

imited. Similar infrastructural developments occurred on Rdpiain the form of lithic
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muich gardens. These increased soil moisture levels bgatimy wind exposure and
evapotranspiration (Ladefoged et al. 2013; Stevenson et al. 2005r Siomsiderations may
explain the proliferation of ithic muich in New Zealartipugh soil additives also increased
the drainage capacity and changed the texture of thets@uit the cultivation of sweet
potato (Barber 2010:76).

The most widespread of risk management technique wasestpitagwhich ensured
the availability of starch resources on an intra-anaral inter-annual basis (e.g., Addison
2006; Cox 1980; Kirch and Yen 1982:353; Leach 1984; Lepofsky 1994; Yen 1973). The
development and expansion of breadfruit cultivation has bgusined by its function in
managing risk when paired with storage technology. Suchgst@eghnologies and tree crops
may have been particularly important in circumscribed times such as islands that are
small in size or have high relief landscapes (Huebert 2@&ldjage was also essential in
temperate locations, specifically New Zealand, where atrasal fluctuations in sweet
potato availability created a need to keep food through the wiberidson et al. 2007).

Socio-political relations also have influenced, and be&rimfed by, agricultural
change. Originally recognised for Hawai’i by Wittfogel (1957), his ideas have been modified
and expanded upon by several generations of researchers ddegl%8, 1997, 2012; Field
et al. 2010; Graves et al. 2011; Kirch 1984, 1994, 2010, 2012; Lepofsky 1994; Lepofsky and
Kahn 2011; Spriggs and Kirch 1992). These studies highlight thevfrelecially prominent
individuals or groups in dictating strategies of increased ptiodufor prestige and
competitive purposes (Dye 2014; Kirch 1984), with less attentioth fmathe role of resource
redistribution in times of yield shortfall (Alen 2004; Ladefdgand Graves 2000, 2008).

Acknowledged by Kirch (1984:161), “the production of food was the key to
Polynesian economies, and the control and distribution oflisufpbd the key to larger
social and poltical relans”. Systems of production were part of wider social and ritual
practices, based on ideasménaandtapu Leaders in Polynesia had opportunities for the
direct intervention in productive activities through tmplementation otapu(Firth
1936:377), and Shore (1989) notes a ubiquitous paifathiefly “marking” of productive
land tied to ideas dapu The demonstration ahanathrough the abilty of the leader to
provide materially for his or her people goes hand in hand htlor her abilty to maintain
their social position (Shore 1989). Firth (1939) documented ethnogadightbe close ties

between production and the ritual cycle of Tikopia, and ardugdittwas ritual that acted in
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maintenance of the poltical economy. Redistribution aadtéecreated conditions to provide
materially for households, while also demonstrating the leader’s efficacy. Situations where
leaders failed in their obligations to provide for their peopleehresulted in power shifts,
such as in the Marquesas (Allen 2010; Thomas 1990, 1994). The leaslétewagent of the
collective, and when the leader failed to provide for theaolke, he or she could be

removed.

Polynesian agricultural systems include constriction tpaam production bottlenecks
(after Earle 2011a,b) where chiefs or other prominent indingdgontrolled contextually
important resources. Elte demands and management wasdidalyse of agricultural
expansion and intensification in Hawai’i that resulted in integration and coordination of
dryland and wetland production systems (J. Alen 1991; M.Alen 2004:2ddefdged and
Graves 2000, 2008; Kirch and Sahlins 1992; Spriggs and Kirch 1992). Gismsthihese
different environments circumscribed production systems (bgeé et al. 2009), resulting
in constriction points that could be controlled. The agricaltinfrastructure invested in
these different areas created conditions amenable t@em@at and surplus extraction
(Earle 1997:83-89). The differential productive capabilty of dd/and wetland systems
was one factor that led to the predatory expansion of leewaitdspaind the unification of
Hawai’i Island (Graves et al. 2011; Hommon 1986, 2013; Kirch 1984, 1994, 2010), which
sought to acquire productive lands to finance future politisaion (Kirch and Sahlins 1992).
On Futuna, a similar pattern transpired where intergroamfict often involved groups from
the leeward side of the island (Kirch 1994:189-213), though onlersrseale.

Even when there is a general lack of a dryland and det#stinction, the unequal
distribution of the most fertile land had poltical implicaiss. On Rotuma, where
agriculturally productive land was unevenly distributedddea generally originated from
unproductive districts (Ladefoged 1993, 1995). Bolt (2012) has suggéstesi/diution of
warfare on many Austral Islands was linked to unequalsadreirrigated lands. The
increased association between optimal areas and eltes $ociety Islands indicates the
elte role in intensification and desires to increase raeet social demands (Lepofsky and
Kahn 2011:330). For Kirch (1991a), the control of breadfruit storageaipits became an
avenue by which eltes in the Marquesas could gain pthn@ugh competitive feasting and
community redistribution, a sentiment echoed by Law (2000) for sermet potato storage

pits in New Zealand.
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Multiple factors working in tandem contribute to the temparad spatial
development of agricultural systems (e.g., Addison 2006, 2008; Allen 26pdfsky and
Kahn 2011; Kirch 1984, 1994, 2007b, 2010; Ladefoged and Graves 2000, 2008). Agricultural
development is a historical process in which past developmefhtsnce future directions of
change. Though strategies of cultivation are dependefaictums such as population growth,
environmental variability, and social relations, those fadtmmselves, at any given time
and place, are dependent on the outcomes of previous agricdeuwalbpment. This textured
historical process can create interpretive difficultiesg eertainly no one factor can explain
an entire sequence. Understanding why cultivation seategere implemented and why they
eventually changed involves documenting the use of diffeceltivation strategies across
time and space, and comparing those strategies with relswaial and environmental
factors. The study of Samoan agricultural development pseaarvpportunity to address

these issues.
Why Study Agricultural Devel opment in Samoa?

Explicit archaeological investigation of agriculturethange has not been conducted in
the Samoan Archipelago, creating a serious gap in our kneviglgley and Clark 2003;
Kirch 1999; Kirch and Lepofsky 1993:118; Leach 1999) and leading to argurtieit
Samoa is evidence that intensification was not a gepevaess in Polynesia (Leach 1999).
Partially, this may be a result of ethnographic statemegarding the lack of intensive
cultivation practices in the archipelago (Buck 1930; Wati&&8), as these historic era
production techniques have long been assumed to extend intcelisoric period (Green
2002:147). However, the limited archaeological examination afudtgrial features across
the island group does suggest that agricultural processiéss 30 those described above

likely occurred.

Proposed drainage ditches have been identified in the Ré&diéy on ‘Upolu
(Davidson 1974a; Ishizuki 1974). One example identified by Ishigl®v4:49) on slopes
surrounding the valley has been classified as a systeased rbeds (Kirch and Lepofsky
1993:188). While the system has not been directly dated, habisites in proximity are
dated to the last 500 years (Ishizuki 1974:56). The other systemelar the permanent
streams within the valley, in areas that Davidson (2012:2) argues were “prone to flooding”,
and agricuftural production in the valley might have reitséed drainage ditches to mitigate

the risks of flooding.
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Domestic compounds, or household units and wards, have bediredeelsewhere
on ‘Upolu in the Mt. Olo survey tract that may include cultivation plots (Holmer 1976, 1980;
Kirch 2006:203). The construction of plots might signify a trehdecreased fallow periods
in Samoa, as argued by Kirch (2006), but sufficient evidensendiabeen found to indicate
that these represent anything more than house gardehesdf plots date to the same time
period as the rest of the structures in the area, they buit and utlised within the"™

milennium AD (Jennings and Holmer 1980Db).

On Tutuila, a small pondfield irrigation complex, the only tha has been found in
the archipelago, has been reported and mapped, though inforneattitenchronology is
lacking (Addison and Gurr 2008). Elsewhere on the island, stgmenahts have been
identified and interpreted to outline cultivation plots, somdopring to reduce soil erosion.
The preliminary analysis of these structures suggbststhey were buitt after the middle of
the £ milennium AD, with a more intensive and expansive cortinicperiod around the
13"-14" centuries AD (Carson 2006:17-18). Furthermore, isolated feaagmss the
landscape may have had a function related to agriculturé, asuerraces and stone rings
(Carson 2006; Clark 1989; Clark and Herdrich 1988; Cochrane et al. 2004), and
geomorphological evidence suggests increased erosiortivefleaf the more intensive use of
upland areas around the beginning around tfe 148" centuries AD (Pearl 2006).

On Olosega Island, labour was invested in a large dit¢chrahahe length of an
interior uplands settlement, protecting that settlememn ferosion and run-off (Quintus
2012). This ditch separates modern forest types, secondary govests fupslope and
economic forest downslope. These patterns correlate witbpti@l patterning of the
prehistoric settlement, as residential features artessdtwithin the economic forest while
more limied modification to the natural slopes has been made in afsgsondary growth
forest. These correlations have been used to suggest #ieliessibsistence based, with

arboriculture practiced within the residential area aiftingh cultivation practiced upslope.

Still, the temporal development of these strategies amdrétgionship to cultural
and environmental factors remains to be documented. Therefoszalsguestions endure,

including:

1. What is the chronology of agricultural development?
2. What factors impacted, and caused change in, cultivatiateges?

3. How can agricultural change be characterised?
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Research Design

This thesis seeks to evaluate these questions. To do so, | gtioditusal
development and the context within which thatett®ment occurred on Ofu Island, Manu’a
Group, American Samoa. The general goal of this reseatohunderstand the spatial and
temporal variability of agricultural activities on Ofacahow these actvities were associated
with environmental and social factors. | assess the demereesses that occurred, and
identify similarities and differences between Ofu arguseces identified elsewhere in the
region. The methods of this study are presented in Chaptetr #hisbgection discusses the
general research design and describes how the above questiote addressed using Ofu

Island as a case study. This research design can be sepdcatbree stages:

I.  Identify the location, timing, and management of agricult@gstems
II.  Determine the course of agricultural change on Ofu
lll.  Evaluate whether agricultural intensification ocadyrdetermine the importance of

other processes, and assess evidence of risk management
Stagel: Identify thelocation, timing, and management of agricultural systems

Identifying the location of agricultural activities thrbugme is the first step in
understanding agricultural development. Several linesvidémce can be, and have been,
utlised to examine this question on Polynesian islands;ifispkty botanical remains
(Huebert 2014; Lepofsky 1994), patterns of deposttion (Allen 1984; Kirch £#998; Kirch
and Hunt 1993a; Pearl 2006), the modern distribution of vegetatiocolf. and Ladefoged
2014; Quintus 2012), the presence of agricultural infrastructiadefoged et al. 2003), and
the presence of commensal species associated with gardetwiges (i.e., non-marine
molluscs; Kirch 1993b).

This project uses many of these same indicators. Suleswefamination on the coast
is used to identify patterns of deposition that relate toarasgnalling vegetation clearance
upslope. Data gathered in previous projects (i.e., Kirch antl 1898a; Kirch et al. 1993) are
used to supplement original research. Culivation on thstadofiats is examined by the
identification of gardening layers in subsurface deposiish $ardening layers were
recognised in the field based on organically enriched daokirc presence of charcoal, lack
of cuttural material, and sediment mixing indicative aflgm activity. In the interior, survey

documented the surface archaeological record, and featat® riumnalysis identified those
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remains related to agricultural activities. The distidiu of modern vegetation is also used as
a line of evidence, as certain vegetation types have sfe@m to correlate with prehistoric
settlements in the Manuw’a group (Quintus 2012). The distribution of vegetation, based on
previous vegetation surveys undertaken by the UnitedesSadrest Service (Liu and Fischer
2007), is compared to the distribution of archaeological featurasstss the spatial extent of
shiting cultivation and arboriculture. Finally, identifiecharcoal remains, from original
research, and non-marine molluscs, from a past project (K86Bb), are used to a very

imited degree.

In Polynesia, the determination of changing agricuturahagement schemes has
been accomplished by exploring the spatial proximity of agralltfeatures to other
archaeological features or their distribution in space (Lepadd Kahn 2011), the
construction of labour intensive infrastructure (Allen 20B4#ch 1984, 1994), and evidence
of plot segmentation that enables eficient managementeosight (Ladefoged and Graves
2008). In this project, changes in the management of agr&ulproduction are documented
by examining the spatial association of different agricutsteategies with socially
important spaces or socially important archaeological renfaigs, monumental
architecture). This is assessed by locational spatidls@naf archaeological features in the
interior uplands. Furthermore, though the constructionboliaintensive agricultural
infrastructure does not necessarily indicate elte cbiErickson 2006; Lansing 2007), it
does imply, depending on the degree of labour invested, that cagralmbur could be
organised and that the developmentsaheproduction strategies was communally-based.
Particularly when agricultural infrastructure is teabgically complex and is associated with
muliple residential features, these features denadeeh bf community cooperation and
coordination. The measurement of the size and the assgsshthe internal complexity of
features are based on survey data collected in this profecttemporal development of
cooperative techniques and community coordination is documémgteldting agricultural

infrastructure.
Stagell: Determinethecourse of agricultural changeon Ofu

In this step, the above dataset is placed within a widdextoto determine the course
and context of agricultural development. This is done by singlythe correlation between
agricultural change and environmental, climatic, andreditfactors. On other islands in

Polynesia, important factors that shape, and are shaped byitagri change include
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environmental or landscape variability, both spatial (e.g., Ki®@82, 2007b; Kirch et al.
2004; Lincoln and Ladefoged 2014, Vitousek et al. 2004) and temporal (e.g.oR@DO6;
Allen 2004; Field 2003, 2005), socio-poltical change (e.g., Kirch 1984, 1994, 2010;
Ladefoged and Graves 2000, 2008; Lepofsky and Kahn 2011; McCoy 2006; McCoy and
Graves 2010), and population growth (e.g., Kirch 1994, 2006; Riey 1973).

Based on previous research, the coastal environment ofa®fohanged significantly
over the course of human occupation (Kirch 1993d; Hunt and HB&Y). Such evolution of
the coastine could have been an important factor in semsis change. Excavation and
extensive dating of coastal deposits undertaken in thiscpriejgeared toward examining
patterns of landscape evolution on the western coast @ldhd, which is supplemented by
previous work conducted on the south coast by Kirch and Hunt (1888lalso Hunt and
Kirch 1997). This thesis explicitly addresses the timing spatial extent of mid to late-
Holocene landscape change, and then assesses whethlatioxasrexist between landscape

evolution and subsistence change.

This study also examines the correlation between envinoaelimatic hazards and
culivation strategies. The evaluation of how environmehiazards impact agricultural
activities is based on historic and modern proxies, spdsfficaldressing how documented
hazards have impacted both cultivation techniques and spewic crops (e.g., Clarke
1992; Kerr 1976; Pierson et al. 1992; Solofa and Aung 2004; Watson 2007). &fow su
environmental factors influenced agricuttural developmemvaduated by analysing whether
cultivation strategies enhanced or counteracted theteftd# these hazards through
performance modelling and empirical evidence. This is sinblahe framework utlised by
Allen (2004) and discussed above.

The documentation of changing poltical relationships is basddeorentification
and dating of archaeological features that mark coordinaiimhcooperation beyond the
household scale. Of importance in this regard is the presgmmonumental architecture on
Ofu that is confrmed in this project (i.e., star mounds)ufh none of these features have
been dated, similar features have been dated on other isiitios archipelago (Clark 1996).
These findings are supplemented by previous research onstehds of the archipelago that
have explored the development of resource and labour contrglAddison 2010; Holmer
1976, 1980; Johnson 2013; Martinsson-Wallin 2007; Walin and Martinssom\V\2ai07;

Winterhoff 2007). This previous research has identified gériernds in the development of
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Samoan poltical systems, which can then be compared togbense of agricultural

management on Ofu.

Only modest attempts are made to evaluate population grquetbiically by
evaluating the expansion of archaeological features attdandscape. The spatial and
temporal distribution of archaeological features on Ofublegs documented in this project
and by previous research (Best 1992; Clark 2011, 2013; Clark et al. 20d2 akkd Hunt
1993b). Additional information regarding the spatial distributiorarohaeological features,
specifically in unsurveyed areas, was acquired througharhlysis of a Lidar dataset. This
measure of population growth, at best, presents a crude iowlicaitdegree of magnitude
population growth. Because of this, the correlation betwgacutural development and

population is only addressed in a general manner and coeckisitements are not made.

Stagelll: Evaluatewhether agricultural intensification occurred on Ofu, determine the
importance of other processes of agricultural devel opment, and assess evidence of risk
management and changes tothesocial relationsof production

The question of agricultural development in Samoa can be adtliaft=ethe
completion of the first two steps. The empirical evidenatheged in this study is examined
in reference to definitions of intensification presentethe beginning of this chapter.
Specifically, intensification is assessed at multigfeatial scales. Criteria supporting
intensification include the documentation of a sequendecased labour input into
agricultural activities or the construction of agriacdtl infrastructureafterthe utilisation of
less intensive cultivation techniques at a fixed spatiale. Similar procedures are used to
evaluate agricultural expansion. Evidence supporting smebcess includes the documented
spatial extension of a cultivation technique at a set lef intensity into a previously

unutilised agea.

Important, too, is the outcomes and consequences of cultivatiategies. The
management of risk of agricultural activities is an inguartfactor influencing long-term
patterns of human-environment relationships and the sot#ibme of production (e.g.,

Allen 2004; Ladefoged and Graves 2008; Marston 2011; Morrison 1994). The datiament
of risk management in this study is based on correlatiohsebe cultivation strategies and
social and environmental factors identified in Stage I &malysis explicitly explores how
cultivation strategies impacted the variance of yearear production or resource availability

by comparing feature performance and function to Z-scqreotations of risk management
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techniques. Analysis of the social relations of productoalso undertaken, at least in
relation to the development of a small-scale political econornig. i examined in light of
changes to the degree of agricultural management. Spkgifievidence of agricultural
management is studied to identify constriction points in mtmiu that may have been

appropriated by leaders (after Earle 2011a).

This study documents the course of agricultural chang@fwrand addresses the
underlying processes that characterise the sequencecollnse of agricultural change and
the general processes are then able to be compared to @glicdiévelopment elsewhere in
region. This comparison highlights important general proceswmksinique factors that

inluence the development of agriculture in Polynesia.
Chapter Summary

This chapter has discussed past approaches to the studgufurgl development.
Of particular interest is the concept of agriculturgénsification, a process of increased
labour input into agricultural activities at a set spatiad temporal scale. The concept has
been influential, but critiques of it have refined our ustdding of the process of
agricultural development, specifically highlighting theiakility of these processes and the
role of multiple factors. The use of different cultivatistrategies had different outcomes.
Strategies that stabiised or increased production were anpart the past, and the use of

either was somewhat dependent on the climatic and envirgalmeariability of the region.

The development of most agricultural systems in Polyniess been referred to as
processes of intensification. However, multiple trajeesoof agricultural development have
been identified, and the importance of alternative conceptst motably expansion, has been
stressed. Based on these studies numerous causal fasterbeen identified. Many of these
factors are patterns seen throughout the region, sysbpatation growth, but others are
more contingent on local factors, such as specific temporgpatial variation in the

environment and the sequence of political development.

To add to our understanding of agricultural development, this stodyments the
course of agricuttural development on Ofu Island. Agricultweladnge on Ofu is documented
by examining the location, importance, and management ofilagec activities through
time. The next chapter introduces the cultural anda@mviental context of the island before

turning to a discussion of the methods and results oftthdy.s
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Chapter 3: The Samoan Socio-ecological Setting

To ilustrate the context within which agriculturalseems developed, this chapter
describes the physical and cultural environment of Samoa, Manu’a, and Ofu Island. The first
sections examine thentemporary environment, with special reference to Ofu and Manu’a,
followed by a summary of cultural history. The chapter theefly summarises ethnographic
literature associated with late prehistoric and earipras poltical systems, and a summary
of the characteristics of historic production systems a@sgnted subsequently. This is
folowed by a discussion of the major crops cultivated an@nkieonmental hazards that
impact the growth of those crops. The final section revipa& archaeological investigations
on Ofu.

Climate and Physical Environment

The Samoan Archipelago is located in West Polynesiatesituaetween the Tropic of
Capricorn and the equator. Today, it is separated into two goliiaits, the Independent
Nation of Samoa and the Territory of American Samoa (Fig- Blik) nation of Samoa,
consists of ‘Upolu (1,110 kn?), Savai’i (1,820 kn?), Manono, and Apolima (the latter two a
combined 6 kn®), and is the larger poltical unit in termbdath population (170,000) and

land area (93% of all and in the archipelago).

American Samoa, made up of Tutuila (124 kn?), Aunu’u (< 2kn?), Ofu (7.3 kn?),
Olosega (5 kn??), Ta’u (39 kn??), and the smaller Swains Island (Olohega) and Rose Atoll, are
the eastern islands of the group. Much of the populatiodese®n Tutuila (ca. 60,000
people), the seat of the territorial government. Smaller populations reside in the Manu’a
Group (Ofu, Olosega, and Ta’u), with limited habitation of Swains for copra production.

Much of the archipelago is, relatively speaking, cultyrddbmogenous, but Swains is more
culturally associated with Tokelau than Samoa. The Manu’a Group forms another cultural
grouping, and historically Mead (1969) indicates that the people of Manu’a considered

themselves separate from the rest of Samoa.
Geology, Geomorphology, and Environment of Manu’a and Ofu

The islands of Manu’a (Fig. 3.2), the youngest of the archipelago, were formed
roughly 100,000-400,000 years ago by a series of volcanic eruptionsateabeen followed

41



by progradation, subsidence, and erosion (McDougall 2010). Al aterel small,

featuring significant topographic relief, with remnant sliffs abuttihng more recently formed
coastal flats (Stice and McCoy 1968). Ofu and Olosega are bdrdarall sides by fringing
reef. The reefs are more developed on the southern andnvestests, where they can reach
as much as 700 m wide. Reef on Ta’u is more limited, the widest stretch bordering the

western shores.
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Figure 3.1 The Samoan Archipelago (Adapted from Reith and Hunt 2008:1902)

Ofu and Olosega consist of at least six volcanic conesreudominated by two that
developed as shields and coalesced (Stice and McCoy 1968:427). hEs¢ leigvation on
Ofu is Tumu (or Tumutumu) Mountain or Peak at 495 m, whicheisctinvergence point for
two dominant ridges that form the backbone of the island: Madkge Rextending to the
northwest and Leolo Ridge to the northeast (Fig. 3.3; refertalfig. 1.2). These ridges
constitite the eroded fault scarp of the A’ofa caldera, one of the two developed shields. This
configuration bounds the A’ofa volcanic caldera on all but the north side, which is marked by
precipitous cliffs down to the ocean. Geological substratevagdion is imited relative to
other islands in the archipeladae., Tutuila, ‘Upolu, and Savai’i); all areas were formed
between 250-400 ka (McDougall 2010:709). Stil, this variation coulé katsstantial
implications on the trajectory of agricultural developmerad@foged et al. 2009), but precise
data on the spatial variability of different substrateanavailable at this time. Offshore
volcanic activity stil occurs, the most recent of whioh1866 (Craig 2009:11). Because of

the youthful age, stream development is imited and omynmttent streams flow on Ofu.
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All soils of the interior uplands of Ofu can be classifiagl Ofu sitty clays that have
good drainage capability but are highly erodible (Nakamura 1984). Thoiglikely that
the nutrient capacity of these soils is variable, no dag@ailable to evaluate such variability.
Soils of the coast are calcareous beach sands, consistingkeil@fown reef mixed with
eroded terrigenous sediments. The more inland soils on theposaess significantly more
terrigenous sediments than seaward soils, caused byotieneof the inland slopes that has
occurred within the last 1,000 years (Kirch and Hunt 1993a).

The entire island of Ofu is covered by forest, except femwadreas around the coast
(refer to Fig. 3.3). These forests are variable and reflective2,700 years of human land use
(Quintus 2011, 2012). Much can be classified as economic (humamtedi plants) or
secondary vegetation (vegetation that developed and speacksult of forest clearance by
natural or human processes), while pristine rain and doegt is still situated in the higher
elevations (Liu and Fischer 2007). Roughly 775 species of ralveés have been
documented in Samoa, the second most in tropical Polynesia behind Hawai’i (Whistler

2001:8). Many more plants have been introduced by generatidmgnah inhabitants.

The modern vilage of Ofu is situated on the westerntab8ist (Fig. 3.4), bordered
by the widest stretch of fringing reef (refer to Fig. 3.3 Vilage is split into two named
sectors, Alaufau to the north and Ofu to the south. For easscagsion, Ofu Vilage wil be
used to describe the whole area in this study. Wide col¢sabfe also present on the south
side of the island. Today, these coastal areas are chiaeattby multiple zones, as
exemplified by To’aga (Fig. 3.5). The intertidal zones exhibit calcareous sediments created
by the weathering of the fringing reef. The presence oftbeark along the shoreline above
the high tide mark, formed under intertidal conditons, siggéat the coast is currently
undergoing a process of erosion (Kirch 1993d). The next zone iglathe beach ridge,
followed by the thickly vegetated back crest that drops slighiyn levels before beginning
to rise nearer the talus slopes that border the inlarid. clihe cultivation of both tree and
root crops occurs in the back beach areas today, where calcaezbuents have mixed with
terrigenous sediments and organic remains from pasuadAs one moves inland, the soil
matrices include large basalt boulders that have beeaasisplirom the interior through
mass wasting processes. Freshwater marshes have forniesl amast of all three islands of
the Manu’a Group, and are valuable for the exploitation of wild resources, particularly birds,
and cultivated resources. On Ofu, the marsh is locatedemotith coast inland of the

modern runway and the Coconut Grove archaeological site.
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It is understood that geomorphological change has had asighifeffect on the
cultural landscape throughout the archipelago (Clark ainbidvlic 1996; Dickinson and
Green 1998; Pearl 2006), and nowhere is it more apparent thafu.ofhGugh specifics are
stil debated, relative sea level appears to have fuctuater the last 5,000 years (Dickinson
2003, 2009). Following the Pleistocene, sea level rose to the Holocksah that reached
between one and two meters above modern levels (Dickinson 2001, 2003 &a0B)el
then dropped, stabiising at the present level sometime ibthallennium or early 2
milennium AD (Dickinson 2003; Kirch 1993d:34).

As modelled by Kirch (1993d) for Ofu, sea level change anuistabsidence,
combined with increased sedimentation from both terrigemyasion and increased biogenic
input (Fig. 3.6), caused drastic reshaping of the Ofu coaslii@@ine regression and
progradation occurred in thé' inllennium AD, as sea level fal and eventual stabiisati
resulted in the extensive erosion of coral reef thatedrrander highstand conditions. After
progradation, the deposition of terrigenous sediments frormtér®r, coupled with
occasional high energy storm surges contributed to a processagsiill aggradation. As sea
level approached modern levels, and as subsidence continuethl eazsion began and
continues to the present day (Kirch 1993d:38-39).

Predictions and expectations regarding archaeologicalosé¢ioins on Ofu can be,
and have been (Kirch and Hunt 1993b; Rieth et al. 2008), proposed baksdmodel.
Older archaeological deposits should be situated near the idus slopes. These deposits
are likely to be located on calcareous sands buried under eolunsometimes as much as
two or three metres of coluvium. The matrices of these depsisituld mark a changing
sediment source, from marine-derived sediments to terdgénderived sediments, as the
shoreline prograded towards its current configuration. Tdwereimore youthful

archaeological deposits should be found as one moves seaward.
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Figure 3.5 Model of a vegetation and soil transect across To'aga (From Kirch 1993d:33)
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Figure 3.6 Modelled inputs to the sediment budget on Ofu (From Kirch 1993d:35)
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Climate

Daily temperatures in Samoa reach about 30°C and reladnedity is high, with a
daily average of 72-77 percent. Some intra-annual variakekigts in temperature, but that
variability, between the warmer month of January anctdkeer month of July, is around
1°C. Annual rainfall for Tutuila, similar to Ofu, rangesrr 3,175 to 6,350 mm per year,
differing as a result of topography and wind patterns (ClarkMicklovic 1996:153). The
highest rainfall occurs in high elevation areas. For instance on Ta’u, the highest elevations
can receive as much as 7,000 mm of rain per year (Craig 2008htyséve percent of
yearly precipitation falls between November and April, vatrerage monthly rainfall of
around 350 mm during this time. Though a dryer season, from tagvibvember, is
recognised, it is more accurately described as less wet with those “dry” months still averaging
close to 150 mm of precipitation. These seasonal changes eowdtlatthe position of the
South Pacific Convergence Zone (SPCZ) (ABM and CSIRO 2011:088% variability is

introduced on an inter-annual scale by ENSO (El Nifio- 8outiDscillation).

ENSO is one of the walrk largest sources of climatic variation, and conditions of El
Nifio and La Nifia years in Samoa are tied to changesaisusiace temperature and air
pressure between the western and eastern tropicakc P@&agfi 3.7). Normally, the eastern
Pacific is characterised by cold waters while the wedRaciic by warm waters; a pattern
with a similar atmospheric pressure gradient. Howeverpdhedic breakdown of the Walker
circulation system occurs every 2.5-7 years (Tudhope et al. 1251a); changing system
dynamics and allowing the extension of the warm watersot@ neastward along the equator
during El Nifio years. This is accompanied by humid and weeather that shifts tropical

rainfall eastward.

In terms of the effects of ENSO phases, Samoa lies aresncharacterised by
variability (Dai and Wigley 2000:1285). Generally, the patteiovfs that of Tonga and Fiji
in the sense that during El Nifio precipitation declir@istemperature rises, and tropical
storm frequency and intensity increase (ABM and CSIRO 28ty and Delcroix 1999;
Chand and Walsh 2009). Increased storminess in the late 198€argn@i990s, in which
cyclones had a devastating impact on a number of social andnecosectors, ilustrate
these effects (ABM and CSIRO 2011:191). One of the early 199b®eyc Val, caused
more than 368 million USD in damage in the archipelagea@y 1992). Addtionally,

recent evidence suggests that Samoa experiencesvedefalleof as much as 20-30 cm during
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some strong El Nifio events (Widlansky et al. 2014). Declineseanlevel are known to be of
such significance as to cause the exposure and destroétibe tops of coral heads, a
process in Samoa referred totasnasa(foul smelling tide) (Widlandsky et al. 2014:1071).
La Nifia years are created by the opposite process and tamifbe opposite way. The
normal range of warm water moves westward, resultingicieased precipitation and

decreased storminess in the Fiji-Tonga-Samoa region.

Samoa is unusual in the sense that El Nifio yearsotu@ways characterised by
decreases iaverageprecipitation (Fig. 3.8). On Tutuila, for instance, increlageecipitation
has been documented for the last two El Nifio years, wharéssure of La Nifia years has
been decreased precipitation (online NOAA weather data). plesipitation during El Nifio
falls over short time spans during tropical cyclones (Saofd Aung 2004:49). Increased
precipitation can cause floods and landslides that carogesbps and residential

infrastructure. Tropical cyclones can severely deciffadel supplies as wel as

infrastructure.
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Figure 3.7 Modelled influence of El Nino and La Nina events (From Chu 2004:301)
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Figure 3.8 Historic rainfall patterns in relation to ENS O phases irs amoa (from Solofa and Aung 2004:48, Fig.1)

Further variability in the SPCZ region, which can matéulthe strength and
frequency of El Nifio and La Nifia events, is introduced éyriterdecadal Pacific
Oscillation (IPO) (Folland et al. 2002). IPO cycles betweem ghases over 15-30 years
periods, the negative and the positive, that manifestmfaisiways to La Nifia and El Nifio
events respectively (Folland et al. 2002; Linsley et al. 2004, 200&jeBaet al. 2001).
During negative phases, the SPCZ shifts south towardeBiiting in increased precipitation
in the Fii-Tonga-Samoa region, whie during positve pbabke convergence zone shifts
north toward or past Samoa decreasing rainfall (ABM and OS2&11:189; Linsley et al.
2008). Therefore, if ENSO warm events occur during an IPO gogitiase, it may increase
the frequency and intensity of ENSO warm phases (Saliegal. 2001:1710). The temporal
depth of this cycle is not known, but Linsley et al. (2006, 2008) Hamonstrated that it
extends at least into the "1 entury AD.

Climatic Variabilityin thePast: A Synthesis

A small series of long-term climatic models have beeeldpgd in the tropics, but
there remains a great deal of uncertainty. This may b&dat to the complexities and
diversity of ENSO cycles, specifically relating to the adaility of the location of sea surface
temperature anomalies (U.S. CLIVER Project Office 2013). Dented ENSO
teleconnections, which are clmatic relations betweendistimct geographical areas that can
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be thousands of km apart, indicate that during some events rmoiaierges in ENSO activity
in one region reflect changes in another region. Howekeese teleconnections may be
temporally and spatially variable (Graham 2004, Graham et al. 208dijioAally, the
regional variation identified in climatic models iluggadifferences in the local

manife stations of climatic periods or episodes, which prexitle use of climatic records
from outside of region to examine Pacific background climafien( 2006). However,

climatic data from outside the Pacific may be helpful if camgao and used in conjunction
with data gathered in the Pacific. The folowing discuss®a summary of the most relevant

data on past climate after which a climatic sequenceébegroposed for Samoa.

Most models only span the last few centuries, though quertiamt exception is work
conducted by Cobb et al. (2003, 2013). According to this model, clmate rhaisae
relatively stable in the last 1,100 years, including onlyomiemperature fluctuations, with
the exception of a cold/dry period around th& &éntury AD and warming in the last 100
years (Cobb et al. 2003:274). More specifically, as summarised by(&B6:525), the
MCA (Medieval Climatic Anomaly) from the 813" centuries AD may have been cooler
and drier in some regions of the Pacific, while the LLAté¢ Ice Age) from 15-20"
centuries AD may have been somewhat warmer and wetierever, some coral proxies
provide more ambiguity about the situation in thé" #6d 17" centuries AD (Emile-Geay et
al. 2013), which implies that the mean climate of the Badifiring the LIA was regionally

variable.

ENSO frequency and strength also fluctuated in the midtdeHolocene. In the
Galapagos, increased ENSO activity is posited betweer'thadlé" centuries AD, the
authors argup that “the period between 2000 and 1000 calBP was a period of extremely
high, if not the highest, ENSO event frequency during the Holocene” (Conroy et al.
2008:1175). Based on an Ecuadorian sediment core, ENSO activity av@yégun to
increase roughly 7000 BP, and steadily rose until theeditury AD (Moy et al. 2002:164).
Atfter that time, the authors suggest that activity linkst; though peaks in the number of El
Nifio events per 100 years occurred in tiec8ntury AD and the $2century AD (Moy et all.
2002:183, Fig.1a; Fig. 3.9). Because the latter records originateofitside the Pacific, it is
unclear how the sequence relates to the tropical Paldifiese records are mentioned here
because they increase the time depth of the ENSO ofclEdbb et al. 2003; Emie-Geay et
al. 2013), and correlations between these records and those firoymaPhave been

guantitatively assessed; though, the degree of correldticmates though time (Graham
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2004). Specifically, increases in ENSO activity during tte £" or early 18 century are
supported by the Palmyra coral record (Cobb 2003), and increasedoHtiifigth and
frequency is recorded in a number of other proxies for tifeceiitury (Cobb et al. 2003:273;
Cobb et al. 2013:68; D’Arrigo et al. 2005; Graham 2004:439-440). The frequency and
strength of ENSO warm periods in thedentury might have been impacted by fluctuations
of the IPO (Linsley et al. 2008).
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Figure 3.9 Number of ENSO warm events (El Nino) per 100 years. (From Moy et al. 2002 data)

Sequence and Manifestation of Climatic Fluctuationsin Prehistoric Samoa

Regional climatic variability has only recently beenognised by archaeologists in
the Pacific (Allen 2006). Samoa, as described above, is parjcumnijuing, as the
archipelago is on the edge of an area that separateseitneg-term climatic variability
from stability (Dai and Wigley 2000; Salinger et al. 1995). Hais been echoed by
archaeologists Field and Lape (2010:117) who state that “the most extreme deficits in rainfall
during ENSO events of the last century occurred in regainfSamoa, Tonga, Fiji, New
Caledonia, Vanuatu, Indonesia, and the Southern Philippines” while also stating that “a
narrow band that includes...Samoa...would have remained relatively stable, with few
detectable anomalies in temperatures or precipitation” (Field and Lape 2010:118). This
apparent contradiction may stem from the movement of ti&SWkhich may either increase

or decrease climatic variability on an inter-annual @ridecadal scale. But, generally, El
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Nifio years would result in rainfall deficits and more trapicyclones. Precipitation would

normalise

or, perhaps, increase during La Nifia years aricetheency of tropical cyclones

would decrease.

The past climate of Samoa, and the rest of the Pacifinaine poorly known and

controversial (e.g., Alen 2006; Cobb et al. 2013), but below is a summaing ohronology

and possible manifestation of clmatic changes in Samoa:

1.

Summary

Increased frequency and ampltude of ENSO events mayduavered in the 5t
milennium AD (following Conroy et al. 2008). More specifically, strdely SO
signatures have been reported in Ecuador in thenfl 8" centuries AD (Moy et
al. 2002), though it remains unclear whether this trassltehe Pacific since
comparable records are unavailable from the region. If itSHdnoa would have

experienced decreased precipitation and increased freqoétmpical storms.

The MCA (AD 900-1200) may have been a time of cooler weather (Gadb e
2003; Emile-Geay et al. 2013). It appears that it was drier ikdséern Central
Pacific, but it is unknown whether this would have bees of Samoa as well. If
it was similar to a La Nifa background climate, as Cobb et al. (20062,

Samoa may have experienced higher than average pteapita

In the 13" and 1% centuries AD, ENSO activity may have increased (Cobb et a
2003; Moy et al. 2002), and El Nifo-like mean climatic conditionshtrrigave
emerged (Cobb et al. 2003; cf. Emie-Geay et al. 2013). On averzge, ai
background El Nifo-like state, Samoa would have been driemthanal with

more frequent cyclones.

Change occurred in the $Zentury AD. In many records, this period featured
some of the strongest ENSO activity (Cobb et al. 2003). Sualratosit
combined with a possible mean climatic El Nifio-lke staiggssts that Samoa

may have been drier with a higher frequency of tropicaloogs.

The environment of Ofu is temporally and spatially varial@ebstantial landscape

evolution in the late Holocene has modified the coasthihaarine environments, changing

the ratio of shallow marine to terrestrial lowlands @mmnents. Further temporal variability
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is introduced by extra-annual climatic patterns, spelyicBNSO cycles, which impact
precipitation, but more importantly the periodicity of tropistdrms. The nature of climate
change through the course of human habitation on #mediss unclear, but research in the
region does suggest that conditions varied in the midHatlecene. A summary of Samoan
cultural history is presented next to further explorecthietext within which agricultural

change occurred on Ofu.
Samoan Cultural History

The human colonisation of Samoa was part of the Lapita s®para group or groups
of people who colonised Remote Oceania and carried a distinooitery type (Green 1979;
Kirch 1997; Specht et al. 2014). The earliest dates in thegakofp indicate colonisation by
at least the '8-9"" centuries BC (Petchey 2001; Rieth 2007). However, the Lapitatisig in
the archipelago is weak, represented by one site, Mulfamydying 1) this phase of
colonisation was limited, and/or 2) that geomorphological psesebave destroyed or deeply
buried early sites (Clark 1996; Clark and Michlovic 1996; Dickinemd Green 1998; Green
2002; Kirch 1993d; Rieth et al. 2008). Given that only one site hasfiia®d, very lttle can
be inferred about the people. Artefacts found at Mulifanua cansistent with Lapita
assemblages elsewhere, and the pottery assemblagelas ginthe Late Eastern variety
(Petchey 1995). One adze found on ‘Upolu with Lapita pottery may be of exotic origin
(Leach and Green 1989).

Shortly after Lapita settlement of ‘Upolu, or even contemporaneously with it (Clark
and Michlovic 1996; Kirch 1993c), populations using plainware (non-desmbr pottery
spread; such pottery is found on all inhabited islands drtigpelago. The earliest of these
sites are found on coastal flats near productive reefsfaditassemblages consist of
ceramics, basalt and volcanic glass flakes and tools, worlkédastd worked bone (Clark
2011, 2013; Clark and Michlovic 1996; Green 1974; Janetski 1980; Kirch 1993&)uQOn
colonists evidently relied primarily on marine resourcelarC2011; Nagaoka 1993), but
terrestrial resources, such as birds and domesticated alghtsnimals, were also exploited
(Kirch and Hunt 1993b; Steadman 1993).

Conventionally, early settlements are argued to have seEmtary households
scattered along the coast (Addison and Matisoo-Smith 2010).tRedbs view has been
challenged as few structural remains (i.e., post molds) lbeer discovered indicative of

such lmg-term and permanent habitation. Given this absence, (@8dl, 2013) has argued
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for a residential pattern based on semi-nomadism, in whitunees were exploited from a
patch before the population moved to another in a circuitpittern. Additionally, inter-
archipelago movement and inter-group interactions appearldeé&equent than originally
thought, as evidence of such practices is limited in Sdmga Burley etal. 2011; Cochrane
et al. 2013).

Sustained interior settlement or expansion away fromdhst©ccurred at the
beginning of the $ millennium AD or earlier on the larger islands of the ipedago
(‘Upolu, Savai’i, and Tutuila), typified by multiple sites in Falefa Valley on ‘Upolu
(Davidson 1974a), by the Pulemelei site onaBayWallin et al. 2007) and by the Vaipito
and Vamnu’u sites on Tutuila (Addison and Asaua 2010; Eckert and Welsch 2009). Green
(2002:138) has argued that this period saw the development of what he terms the “House
Society” of Samoa (see also Kirch and Green 2001). Nevertheless, limited evidence has been

found of such household components in this period outside of ‘Upolu and Savai’i (Davidson
1974c¢:232).

The following period beginning in the middle of the rillennium AD is referred to
as the “Dark Ages” (Davidson 1979:94-95; Rieth 2007). This characterisation is not
necessarily based on any major cultural change, buty,réttbepaucity of archaeological
materials dating to the period. One reason is the lack ofodagnartefacts and the apparent
abandonment of pottery by this time (Green 2002:140; but see&driiichlovic 1996).
However, more recent research is beginning to inform ompémed. Following patterns
originating in earlier times, populations lkely expanded mtore inland locations and
around the coast (Green 2002:140). Landscape modifications, worrheof terraces,
mounds, and walls are known from this period on ‘Upolu and Savai’i (e.g., Holmer 1976,
1980; Jennings and Holmer 1980b:6-10; Walin and Martinsson-Wallin 2007 are less
represented in American Samoa (but see Carson 2006). Stonedodlécreasingly
manufactured (Addison and Asaua 2006; Addison et al. 2008:101-104), bugssit
intensive production relative to later periods. The incetagage of terrestrial landscapes is
apparent, and increased deposttion of volcanic sediments Witjim alensity of charcoal
suggests increased vegetation burning on the inland Gtk and Michlovic 1996; Kirch
and Hunt 1993a; Pearl 2006).

Many researchers argue for population continuity througmo8a prehistory, that is

no intrusion of additional groups (Davidson 2012). Onthe contradgisén and Matisoo-
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Smith (2010) have suggested that a population intrusion redcimr the 5'-7" centuries AD
coming from the atolls of Micronesia. Based on genetic esleof dog, chicken, and rat
dispersal, these researchers suggest that at leastotagichil introductions of each species
took place. They also argue that such intrusion causematutthange. Given present
evidence, however, it is dificult to assess whether tpesterns indicate intrusion or simply
cultural contact but relative continuity (Davidson 2012),ldtter argued by others based on

material culture similarities (e.g., Anderson 2000).

The last 1,000 years of Samoan prehistory saw the developmemireoEomplex
socio-political systems and changes in resource user{@@02; Quintus 2011; Winteroff
2007). Large mounds, walls, and paths dominate the landscape of &angpavith large
pits, orumu ti(ovens used to cook underground stem Gaflyline fruticosa (Carson 2002;
Davidson 1974a,b,c; Holmer 1976, 1980; Sand et al. 2012; Wallin and Martinssiom-Wa
2007). These landscape modifications are generally highly pattemmany in what has been
termed wards and household units (Holmer 1980) (Fig. 3.10). Suchuctoses are
indicators of a developing poltical system that becameantrgly hierarchical. Similar
patterns are found on the islands of American Samoa, betrhaognds are absent and
remains are limited to features such as terraces andrsipiliorms. Stil, these features are
highly patterned, indicative of structured communities an@rgkical poltical systems
(Quintus and Clark 2012). Late prehistoric archaeological &satare restricted to the
interior upland regions on the smaller islands of Ofu albdega (Quintus 2011, 2012;
Quintus and Clark 2012). Late prehistoric coastal settlenselirhited, with only isolated
archaeological features (i.en, situ umuovens) and few cultural deposits dated to this period
(ASPA site files).

Defensive sites were buitt during the last 1,000 yearseom#istern islands of the
archipelago, including on Tutuila (Best 1993; Clark 1996; Clackderdrich 1993). Most
fortifications are bank and ditch structures cut acrassidlgeline in the mountainous
interiors (Best 1993; Scott and Green 1969); some are quie Vidng others are simple. At
least on Tutuila, many of these defensive sites amriatsd with basalt quarries. These
guarries are expansive in some instances, especialganstau (Best et al. 1989; Best et al.
1992) (Fig. 3.11). Tools and raw material from some of these qubavesbeen found
throughout the archipelago as well as throughout theatéPacific (Best et al. 1992), and the
control of these resources might have been an importantesofipower in the Samoan

poltical economy (Winterhoff 2007).
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Figure 3.11 Complex of ditches and terraces at Tatagamatau, Tutuila (From Best 1993:420)

Figure 3.10 Typical bounded household on the larger islands of the archipelago (From Mamgson-Wallin 2007:17)
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A unique feature type in Samoa is the star mound (Fig. 3Xdtypdes of which are
dated to the 18 century AD and later. These features have been iddntifn ridgetops on
almost all islands as well as on the broad plains of ‘Upolu and Tutuila (Clark and Herdrich
1993; Davidson 1974b; Herdrich 1991; Hewitt 1980; Holmer 1976, 1980:101; Quintus and
Clark 2012; Sand et al. 2012). Their function remains a mattdisaission, but researchers
argue that they were used, at least in part, as platforthe sport of pigeon catching
(Herdrich 1991). Pigeon catching was not a subsistencetyacRather, Kramer (1902,
I1:388) noted “the lupe(pigeon) was not hunted to be eaten, for it was considered sacred”,
later noting that “being the favourites of the chief’s they were worshipped by the people
almost like idols”. Herdrich (1991) has argued that the game was highly competitive and
monopolised by those of high rank. Herdrich and Clark (1993) hagested that this
competition may have been an avenuenf@anademonstration by individuals seeking to
usurp leaders, and the sport might have had a profound influemtiee growing political
system. Pigeon catching involved individual competitors tirecompeting for individual
status and prestige, perhaps acting as a symiegicesentation of warfare (Herdrich
1991:394, 418). These features are examples of monumental arehitedicative of

changes in socio-political structure and increasedsstaimpetition.

Stone Facing

Slope

Cliff

335 degrees

Negative Negative

Raised flat area

Figure 3.12 Typical star mound from Olosega (From Quintus 2011)
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Historic contact began in 1722 with the sighting of Manu’a by Roggeveen, and
continued with Bougainville, resulting in the naming of dinehipelago the Navigator Islands
in 1768. Sustained European presence did not occur until thenaigs John Wiliams
began work in 1830 (Moyle 1984). Settlement became more nucleaiadd dhe coast as a
response to missionary actvity and avaiability of Europgaods (Davidson 1969).
Subsistence changed as European animals and plants taehaciad and population
declned due to disease. Old world relgion altered the dadlg lof the populaton and
restricted the traditonal ways of recreation and worshipth& modern period, changes are

common as the islands continue to become more globalised.

Characteristicsof Proto-Historic Samoan Political Systems

The nature and the courses of poltical evolution hava theeight to be particularly
relevant for examinations of agricultural development.,(&grle 1978, 1997; Kirch 1984,
19914, 1994, 2006). This section briefly reviews characteristics dftéh@rehistoric and
early historic Samoan political systems, and traces pussible development based on the
modest archaeological data available. An understanding afthg tand process of socio-
poltical development is essential as cultivation stiegegan change, sometimes
significantly, in response to changes in the socialioetatof production and the creation of

production bottlenecks.

The 19" and 26" century AD Samoan political system was a variant oftal:
studied Polynesian chiefdom (Goldman 1970; Sahlins 1958). The diasi@n was between
those with titles and those without, the former refereedsimatai Eachmataiwas chosen by
the family (‘aiga) to hold its title, and almataiin each poltical unit formed a council caled
the fono Matai were differentiated by their respective duties, divided eetwhigh chiefs
(ali’i) and oratorst{lafale). Because the ancestors who founded the poltical systeen wer
ali’i, these chiefs were given special privileges that weteextended to orators
(Techerkezoff 2000:152). All titled men, however, were allotted speeial privileges,
which included tabu chiefly languages, and differential access to reso&aidins 1958:31-
37). Made up of these individual parts, e&mho, at the vilage, district, orisland level, had
inluence in decision-making within their boundaries. Nthedess, authority often rested in

the village or ‘aiga, as larger scalbonowere often ineffective (Sahlins 1958:34).

The 19" and 26" century mataibased poltical system has been thought by some to
stem from the prehistoric period (Goldman 1970; Sahlins 1958). Otimxgver, argue that
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aspects of thenataisystem developed after sustained European contact, ancekistqpic
situation may have resembled those of other Polynesgimidiands and neighbouring Tonga
(e.g., Meleisea 1995; Schoeffel 1978, 1987, 1995). Based largely on examinations of oral

history and linguistic evidence of the western island¢he@igroup, as opposed to the

traditions of Manu’a, these researchers argue that power in precontact Samoa was
concentrated above the household and family level. Power did @side in the chiefly titles
(Mageo 2002; Mead 1969; Shore 1982:69), ke it does in modern Samoa, buein som
instances power also resided in the individual lakdge (Meleisea 1995221, footnote 2).

This power was held by high chiefa/i(i), whose influence often stretched across districts or
even island wideA/i’i were of the highest rank and held sacred power, but sgmyeer was
exercised by lesser chiefaulifale) (Shoeffel 1987:185). All rank and titles depended on their
presumed genealogical connection though maternal ing&eseflel 1978, 1987), the

highest chiefs descended from Tagaloaalagi (the creator) (Meleisea 1995:21). The highest
rankedali i wereali’i pa’ia (sacred chiefs), who were “as living gods among humanity,

imbued with supernatural powers by famous ancestors by whose names they were titled”

(Meleisea 1995221; see also Schoeftel 1978). The complexity of the relationship between

different types of chiefs can be summarised in the following passage of Meleisea (1987:15):

The power of high-ranking:/i i was legitimized by thenanaof his/her aristocratic
antecedents and ultimate descent from a god. On the oftiterzhéifale derived their
authority pule) to act from theu/i’i, and acted always in the name ofait or

his/her nu'u. But the system, at least from approximately tH& déntury, gave great
power to therulafale, for although they could exercise authority only in theenarh
anali’i, t was thetulafale, acting in groups, who collectively bestowed the highest of
ali’i titles.

Prior to the late 19 century AD, mataiwere heads of family groups, but did not necessarily
possess any power outside of theu (roughly, vilages). It was not until the late"18entury
and early 28 century that, as a result of a centralised colonial government, “the difference
between locamataiand supra-locakl/ii andtulafale became less and less perceptible”
(Techerkezoff 2000:172).

Like elsewhere in Polynesia, the poltical system of Savamintimately tied to
cosmology and the concept mfaina Mana, which has been variously defined because its
contextual dependency (Firth 1940; Keesing 1984), is often thoughs aflivine source of
power that is channelled principally by those of chiefigtust (see Shore 1989:138). Amna
was mobile, dynamic, and fickle, it was the job of those inigadlitpower to continually
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demonstrate theimanato the surrounding populace to legtimise their abiltyletod. Shore
(1994:166) suggested that status anxiety relating the deat@nstofmanain Samoa “was
and is as much a part of chiefly ideology as any expressibsanctity attaching to chiefly
power”. Agricultural production, a measure of the individual leader’s productive capabilities,
was an avenue of demonstration. For Mageo (2002B@f)ain Samoa “is a hypercharged
life force manifest n an abundance of food”. Based on Samoan myth, a chief that failed to
demonstrate hisnanafaced tk “removal of his descent line and the transfer of his authority
to another chief” (Shore 1989:139). Chiefly taxation, in the form of food offerings, was not as
well developed in Samoa as elsewhere, but Mead (1969:70) hakedntiaat, in the early
20" century, each family had at least some obligations fth fespecially at times of
visitations of high status guests from outside thagél and during community wide buiding
projects. Moreover, Sahlins (1958:31) has argued that, even kcquatt tines, “local
councils supervised the production of the individual househafdiscontrolled the gi

breeding and land cultivatién

Unfortunately, the prehistoric development of Samoan poligygstems is not well
understood. Oral tradition suggests that the archipelagoaeady centralised poltical
entity at one time, probably before the™Mdentury AD, with separate districts on each island
(Meleisea 1995). During this time, the seat of power was placed in the MaauGroup, the
highest titled indiidual being the Tw’i Manuw’a. At some point, possbly in the 13-17"
century AD as speculated by Goldman (1970), the Tu’i Manu’a lost authority over the
western islands of the group, and an alternative focusnkfwas created in the west
(Schoeffel 1989:185). These islands then became separatalpeftities with their own
line of high titled individuals and families. Interestingl§goldman (1970:260) ilustrated the
structural differences in late precontact political systems between Manu’a and the rest of the
islands by opining that “Manu’a may be said to have been the center of intricate patterns of
personal and collective power; Western Samoa, of direct add dstinctions betwee

strong and weak

Archaeologically, large settlement pattern surveys, sgcbnes conducted by Green
and Davidson (1969, 1974), Jennings and coleagues (Jennings and He@ter Jennings
et al. 1976, 1982), Clark and Herdrich (1986, 1993; Clark 1989), Pearl (2004, 2006), and
others (Quintus 2011; Quintus and Clark 2012), have led to teetiowl of data that support
the idea of a growing chiefly authority over the past 1,00Gydar instance, household

variability indicative of social inequality, in terms afes height, and construction material,
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is documented from throughout the archipelago (Holmer 1980tuQuamd Clark 2012). At a
similar time, the political dynamics of basalt tool marufaiag began to change. Winterhoff
(2007:212, 216) argues, using the premise that large-scaleseafalisation can be equated
with management, that the last 800 years of Samoan prghiser increased control of
resources by the elite class on Tutuila. Large quatinesprovided basalt to far reaching
island groups are some of the most defended positions in thipedago, certainly on Tutuila
where most of them have been found (Winterhoff 2007:205-2062 P32In Winterhoff’s
model, this greater defense can be correlated with the négdsups to protect their sources
of powers, in this case basalt. The construction of standsois consistent with this
sequence of poliical development, all dated examples beingrumed in the 1% century

AD or later (Clark 1996; Herdrich 1991; Martinsson-Wallin and WekD10; Walin et al.
2007). Star mounds are ubiquitous throughout the archipelagoyebfouad at their highest
density on the island of Olosega (Quintus and Clark 2012).

Agricultural Strategies, Crops, and Hazards in Historic Samoa

The cultivation of taro antmu(Alocasia macrorrhizain dryland multi-cropped
gardens was at contact, and stil is, the dominant form ofgooduction in Samoa (Carson
2006; Misa and Vargo 1993; Fig. 3.13). At contact, dryland fields wereethdaadand of
settlements, and crops were grown in plots demarcated oonukehold scale (Buck 1930;
Kramer 1902-03; Watters 1958). More specifically, as documented bgrico&€umberland
in the 1950s and 1960s (1962:203-204), arable land in Samoa was diiddaeletadnes,
the coconut zone, the mixed crop zone, and the taro zone. Thaitcacn@ was situated just
behind the vilage, extending until the slope increasedhiah point one encountered the
mixed cropping zone. This zone was planted with banana andsothder crops, often
mixed with taro. Extensive shifting cultivation plots ity of taro, but other crops as well,
were grown on the slopes overlooking the vilage and fuitilend. To these three zones, |
would also note, as have others {ier 1902-03, Vol 11:154), the cultivation of tree crops in
vilages amongst residential features (see similamatgin in Kirch 1994 for Futuna), the
primary zone of breadfruit cultivation. This is the idbatoric pattern, but many variations
existed and continue to exist as a result of the physicadoement and changing land use

patterns.

Today throughout the archipelago, dryland systems aresegteand new gardens are

created in gently sloping or flat areas where thereasigh space and water for growth.
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Water requirements are not normally a consideration aslamostreceives ample rainfall.

The cultivation of root crops on the coast of Ofu is rdetfido areas wherein volcanic
sediments have been deposited, specifically the coastdl marear talus slopes where
terrigenous sediments have been mixed within calcarsedinents and organic material.
Gardens are also restricted by slope. Taro can grow on ex@nds the steepest slopes (up
to 45 degrees in Samoa), but there is a point of diminishing ratusmkich crop production
returns are outweighed by the labour needed to create amdimahe garden space. Slope is
much more of a limitation on the smaller islands of Araeri Samoa where the topography is

characterised by cliffs and mountains.

Figure 3.13 Taro garden on the slopes of Tufu Stream

Through the 28 century and into modern times, fields are slashed and,iseset
burned; plots are used until yields start to decline, peroapgso to four years (Coulter
1941:26; Fox and Cumberland 1962:220). At the point of diminishing retuno#hea plot is
cleared and the process repeated. Fallow period is dependestamaint of land avaiable
and population size, but ranged in the 1950s and 60s from lessvthgears to as many as
ten or more (Fox and Cumberland 1962:220-221). Often, instead of buagsgand

cuttings are left to rot as a kind of natural fertilizer.

Most crops could be planted year-round, but cropping followed a spextiice that
included yams, a relatively unimportant crop in modern Sammagfd Cumberland
1962:216), being planted prior to taro (Watters 1958:341). The importaneeo @f the diet
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relative to yams may have been related to the seasoogthe latter, with previous authors
noting that informants suggested the cultivation of yamy result in famines at certain
times of year (Whistler 2001:20). Sweet potatoes may haveiritexiuced before European
contact, though this is unclear, and the crop appears to Inewerbeen important in the
subsistence economy (Whistler 2001:21-22). Potentially, thisrefatg to the excess amount
of precipitation in the archipelago and the drainage emeaints of the crop. Multi-cropping
continues to be practiced in many areas (Carson 2006; Misaasigd ¥993; Tuitele-Lewis
2005:50), mimicking the natural forest and protecting agaigt specific diseases, pests,

and erosion, though the temporal depth of the pattern isauncle

Historically and in modern times, the tools used for ctitiva are theoso (digging
stick) and theoso to(planting stick), aided by the introduced bush knife. After ceops
planted, farmers occasionally visit the gardens to weed aimim growth, some more than
others depending on the area under cultivation. Fox and&lamd (1962:217) have argued
that less than 10 percent of arable taro land was undematoii at any one time in the
middle of the 28 century, though Watters (1958:340-341) has asserted thge vileeas had

substantial feld systems in the past, some up to a mie long

Some natural marshes, those close to vilages, are usedieam used historically, to
cultivate taro (Addison and Gurr 2008; Buck 1930; Carson 2006; Fig. 3.14). BeBR:%47)
states that no irrigation was practiced in Samoa irl€feand 26" century AD, implying that
cultivation in these marshes or other wetland envirorsnewats more comparable to shiting
cultivation than to irrigation in other areas of Polaedn fact, the marsh areas are
conducive for cultivation only because of their increaseitl moisture, as natural drainage
out of these environments creates an arable zone by procutiwg of fresh water. If
drainage is restricted, water becomes stagnant andethecamnot be cultivated. Some
modification of these marshes does occur. Paths througmattshes are created using large
stones and stick fences running along the sides of ditefiestively dividing the land into
plots. Each plot is largely planted with taro and is mulchéi eoconut leaves, which
reduces weed growth and maintains soil moisture. Intineld” century and early 20
century, crops were planted in or near streams to uiisenatural flow of water (Buck
1930), and, on ‘Upolu, estuaries of the larger streams were put under cultivation (Kramer
1902-03).
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Other strategies or cultivation techniques are usechat@age or miigate the chance of
resource shortfall. Not a prized food resource,thoiuhas been documented as a famine
food eaten at times of drought or after large tropic stonmtyc(Coulter 1941:21; Fox and
Cumberland 1962:219). Farmers may choose to plant later to avimdecygtamage (Watters
1958:342), whie crop diversification and multi-cropping help avoap-pecific
fluctuations (Quintus 2012; Watters 1958:342). Tree crops can théaupeovide wind
breaks and to stabilise slopes (Tuitele-Lewis 2005:50). Mulchimgasticed (Watters
1958:342), but to differing intensities depending on techniques. Smiedyuwhich
increases solil nutrition and reduced weed growth. Stordigatesl in modern times, though
masipits, for the fermentation of starches, developed in prehistod became invaluable
(Watters 1958:349). These are recorded archaeologically on @Gflk @ al. 2012).

Figure 3.14 Taro growing in the Ofu Marsh. Note the mulch of coconut fronds

The cultivation of a few species of plants forms the bulbh@fsubsistence economy.
The following describes the economic use of the most heaxgjoited crops: taro, coconut,
breadfruit, and banana. This section draws heavily on the e¥d/vhistler (2001).

Taro

Undeniably the most important plant in the™#nd 28" century AD Samoan
subsistence economy was taro; the crop had such cerenmmiartaince that Buck
(1930:129) asserts it was the “correct vegetable to serve to high chiefs.” Originally
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domesticated in Near Oceania and Asia, the plant has alistdbution (Lebot 1999). Taro
is a member of the Aracae family which includes a nundfespecies, the most commonly
grown of which are in the genuSolocasia Two botanical varieties of the speci€slocasia
esculentaare recognised by some in Samoa, esculentaand var.antiquorum the former
the one most commonly grown to eat (Brooks and Utufiti 2001; Fawveed972:62).
However, twenty-six named varieties are known to have bdtvated in Samoa in the past
(Whistler 2001:15; cf. Christopherson 1935), differentiated based @h sule or location
(Buck 1930:546).

The plant is a root crop, like a potato or yam, with a long stenimesnd-shaped
leaves, which can be grown in both dry and wetland settingdry settings, taro stil
requires annual precipitation between 1,500 and 2,000 mm for growthuéthe 1999),
below which irrigation is necessary. Somewhat contrarihis, Cobley suggests that the crop
is best cultivated in areas which receive an annualipgegion exceeding 2,500 mm (Cobley
1976:125). This discrepancy may relate to variable soil condtioitis, high precipitation
needed for cultivation in well-drained settings. The btateottom stem, the nutrient storage
organ of the plant referred to as the corm, matures bet®months, and thereafter the
leaves and corms are harvested. Unlke giant #&l@c@siamacrorrhizg, the corms of which
can be left in the ground as a form of storage, the cormsoofdmnot be left in the ground
after they mature as they wil rot. However, crops in sippinell-drained lands may not rot
as quickly as those in low lying, moist soils (Coulter 1941:26krAfarvest, part of the
plant, a portion that includes the top crown of the corm andop#he stak that attaches to
the corm, is either dried or immediately replanted. Fieflstimie to be replanted until the
occurrence of disease, pests, hazards, or declining yields. ew#l01:17) stated that
cultivation in streams can be continuous, without fallow,the stream flow replenishes lost

nutrients.

Taro can be directly impacted by tropical cyclones, with dootgde official losses
folowing these events reaching between 30 to 50 percentR&l#93:46), but cyclone
damage is minimal compared to that caused by landslides, floatislebrs flows, as well
as, to a lesser extent, drought. Since taro is more oftemdttiagrown in a dryland setting in
Samoa, rainfall fluctuation can cause decreased yield coeated corm size, whereas
landslides, floods, or debris flows may destroy the entire crop. §ardens are now
protected from landslides and floods by linear earthen mounitisy around the gardens

themselves or on the banks of stream from which sedimentliseharge or overflow.
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Alternatively, farmers have begun bordering gardens meits of thick grass (Fig. 3.15),
which act to reduce the energy of runoff, diminish the immddoose debris, and decrease

soil erosion.

-~
¢

Figure 3.15 Long grass guarding downslope taro plots from debris transported from upslope

Breadfruit

Breadfruit is the second most important subsistence cropnmo& (Buck 1930:131),
and Wilkes (1854:181) opined in the 1840s that breadfruit “is the most abundant of all tress”
in Samoa. The tree is native to Near Oceania (Lebot 1998gZ et al. 2004), and hascan
been distributed throughout Remote Oceania, with 37 namedewargibwn in Samoa
(Whistler 2001:28). The trees are easily recognised by boshtge of the fruit and that of
the leaves, specifically in regards to the degree ofamsis(Fig. 3.19). They are best grown
in deep volcanic soils, where they reach up to 30 m in hdightcan survive in inferior soils
as well (Whistler 2001:28). Breadfruit is seasonal and fuivailable half the year (Whistler
2001:29), with a peak around December and January, being unavaiabébruary, March,
October, and November. The tree rose to prominence in manyoptmws Pacific because of
its abilty to be preserved (Addison 2006; Cox 1980; Whistler 2001). To 8terepature
plant is harvested and placed in a large, sealed siagehgr® it ferments and can be kept for
a period of time, recorded to have been preserved up to several diactideMarquesas
(Robarts 1974) and 3 to 5 months in Samoa (Pritchard 1898:127). This dernheatdifruit,
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called masiin Samoa, was eaten at times of famine (Whistler 2001:8@)ifportance of
breadfruit in the subsistence economy may fluctuate avemnual cycle given availability,
but the wood is available throughout the year and erailif important as a desired
construction material associated with chieftainship KBL830:19). Buck (1930:19) further
states that “breadfruit is the only timber for a proper guest house”, guest houses being signs

of prestige situated along timealae or communal central open area, of the village.

Breadfruit vulnerability is similar to that of coconut lituhas the added advantage of
being storable. Like other leafy trees, cyclones can dheseomplete removal of follage and
fruits. In 1990, 50-90 percent of mature trees were blown completar (Clarke 1992:71).
Whie some fruits can be picked from the ground and salvagéakes a significant amount
of time to regrow trees that have been uprooted or defoliatedit iargkveral years before
the trees bear frut again (Paulson 1993:46). In recent, yaftes severe cyclones in 1987 and
2005, vilage members on Ofu Island have commented on the corosietef breadfruit
crops and the time it takes to recover from such an eventoibat loss, increased food
shipments from Tutuila were necessary in these yeduish wnay not have been possible in
prehistory. The counteraction of loss in the past may baes possible with food storage,
and the myth of the firstua i masi(storage pit) connects such food storage with high winds.
In this tradition, breadfruit storage is equated with erliss, which almost only occur during
El Nifio years in the Samoan Archipelago. As Buck (1930:132-1&8)sre

Owing to her parents not being able to get the breadfruit dmmmthe trees, Sina
brought them theéuaoloa(east) ando'elau(N.E. trade) winds to bring down the fruit
for them. The two winds failed to bring down sufficient fruituch to the crippled
couple's disgust. In answer to their complaints, Sina sertdisterouda’i (west)
wind which effectively brought down the fruit. The old coup last satisfied,
gathered the frut and stored the excess quantity ihdkealuded to, where it
became converted intmasi

Coconut

Originating in the Old World, multiple varieties of cocohalve spread throughout
the Pacific, one of which is native to Samoa. The naiwmety features large husks and
smaller nuts, while the Polynesian introduction is mesedily utilised for food and drink
(Whistler 2001:24). Coconuts are self-propagating and requirelittieryabour before
harvest. In the historic period, the economic benefts of edcavith its low labour intensity
and increased demand, led to the development of a copra industnghtut the Pacific, of

which Samoa was a part. Besides copra, coconut is used for ¢oekimg, drinking, and

67



pig fodder (Whistler 2001:26). Additionally, various parts of the cdcareiused as raw
material, especially the fibres which can be fashioneal ansennit and used to buid houses

and canoes, while the fronds are useful for thatch and deeopdaiting.

Coconuts are known for their resiient nature, being ableet and reproduce in
some of the most inhospitable island environments, incluthaghallow sandy soils ofdh
coast on Ofu. While taro can be devastated by landslides arghiirthe coconut often
perseveres through these hazards. However, the coconut orbp oagatively impacted,
especially by tropical cyclones. High winds of cyclones aosvknto remove foliage and
frut or even uproot the trees completely. The cycloneseoé#irly 1990s (1990, 1991)
devastated the coconut crop in Samoa, which stil had notazbby 1995 (Paulson and
Rogers 1997:176). The situation was similar in 1915 with officialsorting that not one
coconut tree on Ofu could be saved, and estimating that It vbeuat least seven years

before a tree was ready to bear frut once again (HeafitelObf American Samoa 1915:1).
Banana (Plantains)

Bananas, a group that includes plantains (Whistler 2001:31)jtutens sizable
portion of the modern Samoan diet (Clarke 1992:69). Origins of tienhaare complex,
genetically exhibiting evidence of significant hybridieati but again they appear to have
originated in Near Oceania/Southeast Asia (Perrier. 204ll). Part of thdvlusaceadamily,
bananas are grown in a variety of habitats, from the to#s¢ high mountains. They
possess an appearance similar to trees, and are oftefiedlagsisuch (see Clarke 1992), but
they are actually large herbaceous plants that cah &atin height (Whistler 2009:158;
Fig. 3.16). A native species of banana that produces seededdsitseen reported in Samoa
(‘Upolu and Savar’i only), though its large seeds preclude its use as a subsistence crop
(Whistler 2001:31, 2009:155). The exact number of subsistence ban@tess is uncertain,
but a range from 25-37 is accepted (Whistler 2001:32, 2009:155). Theseedless and
produce only one crop of fruit during their lifetime, but aasilg regrown as suckers develop
on the bottom of the plant and quickly take root (Whistler 2001:31B2?2janas can be
harvested throughout the year and most bananas or plantaieaten as starches, being
harvested when they are green. Further, lke breadfruignbacan be preserved and stored
(Buck 1930:134; Cox 1980; Fig. 3.17).

Of the crops discussed, bananas are the most susceptiblmagediom hazards,

though they can recover quickly. Given their weak stalksarzen can be destroyed during
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cyclones or even high winds, with up to 100 percent of crops destroyind dexere
cyclones (Watson 2007:25-26). Damaged trees can be cut by faomedsice another
growth cycle that begins a short time after (Clarke 1992:68)veier, Paulson (1993:46),
describing the process of vegetation growth after the @«laf the early 1990s, states that
in some areas banana was not available for six montasssdrms. Unlike breadfrutt,
bananas are not seasonal, aiding in recovery from stormisti@2009:156). The plant can
be drought tolerant, but the annual minimum required raisfaifl excess of 2,000 mm
(Nelson et al. 2006:5). During landslides, bananas can eitheribé bu destroyed by

rapidly moving sediments.

HistoricHazards and Agriculture

As demonstrated, all of the crops discussed above are suscéptidmage from
commonly occurring hazards. This section explores thesedbaaad discusses their historic

and contemporary impact on cultivation in the Samoan pedyo.

Tropical Cyclones.Cyclone events are highly variable; the number and fregue
fluctuating as a result of climatic cycling. Between 1840 H966, Samoa experienced SiX
severe cyclones and 42 lesser tropical storms, while tbkeeescyclones were documented
between 1988 and 1992 alone (Pierson et al. 1992:2). An average of tiataue have
some impact on the archipelago, but in some years, pahjiciiNifio years (Hiton
1998:63), as many as five may be recorded (ABM CSIRO 2011:190). Invwactf the most
severe storms in recent memory, Cyclone Ofa (1990) andl98al}, occurred within 22
months of each other. Pierson et al. (1992:2) state that “such storms are visibly, if patchily,
devastating to natural communities as well as humantnicasre’. Further, these
researchers (1992:2) state that “cyclone damage and recovery has an irregular, multi-year

periodicity”. The following is the description of damage following a severe cyclone in 1915:

On landing at this village on [sic] was struck by therise havoc wrought by the
wind. The storm evidently was here most violent, and caome the southeast. Of the
74 native homes not one remained standing. The church, bodineint with
substantial walls and corrugated iron roof, was razed torthendy the whole
structure being but a pile of broken concrete; not one wakined standing. The six
other houses of European design and substantial cementuctinst were but a
tumbled down heap of ruin. The whole village site was a mBbsoken timber,

falen native houses and general debris. (Letter to ther@avirom the Health
Officer of American Samoa 1915:1, Fig. 3.18)
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Early historic reports suggest that such storms alsalssghificant effect on staple
crops and infrastructure (e.g., Lundie 1846:179-18kcially the 1889 cyclone on ‘Upolu,
and more recent reports provide quantitative assessmerit85% a cyclone destroyed
houses in the main villages of the Manu’a group and caused damage to all crops, particularly
banana. The cyclone of 1966 resulted in the complete devastdtibe banana and
breadfruit crop in, then, Western Samoa, and it was edlinthtg breadfruit production
would reach below 50 percent of the pre-storm totals for iasyllowing the storm (Kerr
1976). A reduction in copra production of as much as 50 percent was dterlinrethe same
storm (Kerr 1976). Shortly after, in 1968, a storm destroyed 70 percewttae or crop
bearing banana stems (Kerr 1976). Cyclone Ofa in 1990 destroyecebdi@/@and 90 percent
of mature ftees at different locations on ‘Upolu (Clarke 1992:71), while the storm led to a ban
on taro exportation. Seiden et al. (2012:290) note that withipehed that these cyclones
occurred, specifically between 1989 and 1995, “the dietary availability of starchy root crops
decreased 78%"”. The cyclone impacted Western Samoa more than Tutuila (Clarke 1992), and
some areas on Tutuila were damaged more than others. {€hingss of destruction was
apparently managed as less impacted areas were able to mapplies. The variability of
damage on ‘Upolu, an island of over 1000 km? in area, meant that taro production in less
impacted areas could counteract the loss of productivityaniip impacted areas (Clarke
1992:67-68). The size of Ofu (7 Kyrprecludes this possibility as, usualy, the damage

caused by cyclones impacts the entire Manu’a Group.

Figure 3.16 Bananas in a fallowed garden plot
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Figure 3.17 The preparation ofmag pit storage (From Cox 1980:183)

Figure 3.18 Damage from the 1915 cyclone in Ofu Village (Courtesy of David Herdrich of the Americara®oa
Historic Preservation Office)
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Landslides, Debris Flows, and Flooding High intensity rainfall periods can cause surface
flooding, landslides, or debris fows, defined as the movement ef wdth soil and large
clastics, that deleteriously impact crops. Precipitationnglua single event has been
documented as high as 200 mm in two hours on Tutuila (Tuitadds 2005:7; NOAA
Weather Data), and surface flooding occurs when the anadytecipitation exceeds the
infiltration levels of the soils. Though empirical datgarding their frequency are not
available, these hazards are often thought of as atrimiteyclones and lesser tropical
storms, and, thus, the periodicity of their occurrence iy likenilar to that described for
cyclones above. Most of the soils of Ofu are classified a#yhirodible, which, in

conjunction with slope, make the island particularly walhde.

The high energy movement of water and sediment haabiitg to destroy
infrastructure in modern Samoa, as wel as agricultural peodiandslides and debris flows,
though the extent of damage is spatially limited, are capaftdestroying houses, roads, and
vegetation (Pacific Disaster Center 2003:3; Fig. 3.22, 3.23). Siecesk of rain-triggered
erosion increases as vegetation is cleared from stees,sémgas which are cultivated, the
event of a landslide might result in garden destructiorthdoystripping or burying of crops.
Landslides, debris flows, and flooding are often localised eweatsmpact small areas. This
effect can be counteracted by the spatial diversificatibgarden space, unlike the effects of

droughts or cyclones which disturb the entire island.

Droughts. Moisture deficiency is usually not a problem associated thehSamoan
Archipelago, as rainfall often occurs daly. Neverthelesscipitation in some areas can fall
beneath the needs for the growth of some crops, namely mars eommonly listed in
modern reports as a hazard (ABM CSIRO 2011:191). Because theastadig a volcanic
high island, rainfall patterns can be affected by orogralfitg. Though this factor can
create a marked windward/leeward dichotomy on some islands, as on ‘Upolu and Savai’i, it
does not on Ofu. Still, the higher elevations of the isleakive more precipitation than the
coast, and, therefore, crops growing at higher elevationesmeslisceptble to drought than

crops grown on the coast.

During the extreme ENSO years of 1997-98, precipitation deste¢bsoughout the
archipelago resulting in decreased crop production and watdagds. On Tutuila, roughly
1,700 mm of rain fell, less than half of normal range. At ammhprécale, the normally less

wet months saw little to no rainfall while the normallyet months saw between 50 mm and
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254 mm.However, data addressing the impact of ENSO-related droughtseare limited,

and the data that are available show limited to no comeldietween decreases in production
and drought (Solofa and Aung 2004). For example, Solofa and Aung (2004y48)tkat

“the reflection of severe events such as the 1997-1998 drought does not show in the
agricultural sector performance”, which they attribute to “recent sector development”.
Giambelluca et al. (1988) identified areas prone to drought on the high islands of ‘Upolu and
Savai’i, but their analyses were meant to be predictive with little discussion of the impact of
actual drought on cultivation. Additionally, on Ofu, it is lkehat, even with a reduction in
rainfall of over 50 percent, much of the interior could stipport cultivation of key crops as
annual precipitation often exceeds 4,000 mm of rain. The coasptefor the small wetland

area, would be more wulnerable during drier periods of the(ygait to November).
Summary

Since European contact, dryland shifting cultivation iemesive gardens has been the
dominant form of food production in Samoa. Produce from these gaisienpplemented by
arboriculture and limited wet land cultivation. Based osdhtechniques, a small set of plants
satisfy the subsistence needs of the populations, notablyctazonut, breadfruit, and banana.
All of these crops can be grown effectively in the Samoarhigelago, but they are
susceptible to a range of environmental hazards. Cyclones;iadigpdnave the abilty to
decimate yields of breadfruit, coconut, and banana. Additionally) ibcdlised events, such
as landslides, surface flooding, and debris fows, and, to a ledeet, etoughts can impact

herbaceous plants.

Questions remain as to the temporal depth of this cultivasystem, and the process
by which it developed, especially in the context of theualt environmeral and climatic
sequences. The study of the archaeological and geomorphologgoadl of Ofu Island in this

thesis, paired with results of previous research, address tuestions.
Past Archaeological Investigation on Ofu

The limited field research that has been conducted om&3fiproven to be productive
and enlightening for Samoan archaeology and the wider Paciiich Mf the data available
comes from two academic projects (e.g., Clark 2011, 2013; Clark et al. Kfd2and Hunt
1993b; Hunt and Kirch 1988, 1997), but smaller projects have also ceutrilsignificant
information (e.g., ASPA site fles; Best 1992; Kennedy 1995; Moondekaennedy 1996). A
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prehistoric sequence of the southern coast is in placepriaut,to this thesis, the rest of the
island remained relatively unexplored. This section prowvabsef history of archaeology on
Ofu and a discussion of known archaeological complexes meléwahis study (Fig. 3.3
above; Table 3.1).

A History of Archaeology on Ofu Idand

Archaeological feld work on Ofu began with Kikuchi (1963), whdectéd stories
and did spot checking. More sustained field research on Ofun véifjathe work of Clark in
1980. While limited in time and scope, Clark formally recorded &iethe American Samoa
Historic Preservation Office (ASHPO) throughout theitteyr, and offered preliminary
significance determinations. Most sites recorded by Clare Mocated on the coast, but he

did report interior sites on Olosega.

Further research was not conducted until the late 1980s, Kitenand Hunt (1993b;
Hunt and Kirch 1988) conducted limited surveys of Manu’a. Ther mtensive survey and
subsequent excavation was restricted to To’aga on the southern coast. At To’aga, Kirch and
Hunt recorded a deeply-stratified, ceramic-bearing deposit datbd beginning of the*1
milennium BC. However, the dating of the area recently bless contested based on
material culture disconformities, specifically the abseotdentate stamped pottery, and the
lack of dated short-ived wood taxa (Rieth and Hunt 2008).

Following the work of Kirch and Hunt, Kennedy and Moore condudnattd work
on the northeastern coast of Ofu, identifying a small asagenbf indigenous artefacts
(Kennedy 1995; Moore and Kennedy 1996). Best (1992) conducted a swveyl &ur
conjunction with proposed road construction, largely arounddhastine, afthough a very
small portion of the interior on the slopes directly inlandthefvilage was investigated. Best
identified a high density of remains along the coast, andntkxgted the first archaeological
remains in the interior of the island, immediately ndlaof Ofu Vilage. Of particular
importance, Best briefly investigated another deeply-fitiéti ceramic-bearing deposit on
the south coast, this one close to the Va’oto Lodge situated west of To’aga (AS-13-13;
Va’oto Site).

Given the potential of th&a’oto site, Clark began a long-term investigation of the
area in the late 1990s and into the 2000s. This project led wethidication and excavation

of multiple ceramic sites, including another south ofrtimern runway in a coconut grove
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(AS-13-37; Coconut Grove Site). Additionally, small scale reassance surveys were
undertaken to explore the interior of the island (Clark. 20d.2). Below is a description and
discussion of the previously recorded sites important to this thesis. To’aga is not included

here as it was discussed at length in previous sectiothis athapter.

Table 3.1 Major recorded archaeological complexes on Ofu

Complex Site Location Period Reference
Number
To'aga AS-13-1  Coastal Colonisation-Historic Best 1992; Kirch and
Period Hunt 1993b
Va'oto AS-13-13 Coastal Colonisation- 2000 BP Best 1992; Clark
2011, 2013
Coconut AS-13-37 Coastal Colonisation- 200@BP Clark 2013
Grove
A’ofa AS-13-39 Interior 1000 BP?-Historic Period Clark et al. 2012
Va’oto

First discovered by Best (1992), the Va’oto site (AS-13-13) was examined more
recently by Clark (Clark 2011, 2013). Similar to To’aga, the deposit was found to be deeply
stratified and produced dates from the early portion of the Sapcwi@ral sequence. The
stratigraphy changes considerably across the site, butsipdaltural layers can be
distinguished, with multiple subdivisions within the larg#rata. The upper portion of the
deposit has been disturbed by buldozer activity related tooth&ruction (and re-
construction) of the Va’oto Lodge, but the layers representing at least the 15 milennium BC
are intact. The earlest layers, Layers V and IV, hasded some of the earliest dates in the
archipelago (Beta-249327, 2520+26,798-521 BC; Beta-249326, 2430+4, 753-404
BC; Beta-128706, 2460+40¢ 761-415 BC; Beta-297824, 2520131, 795-542 BC), whie
Layers Il and Ill extend to the beginning of théniilennium AD (Clark, unpublished data).

As with To’aga, sherds of plamware pottery are common in the earliest layers, and no
decorated sherds have been found. Volcanic glass and basaluméhe bulk of the stone
artefact assemblage; an exotic adze of unknown originfouad in the lowest stratum
suggesting possible contacts beyond Samoa. Most Samoan sitegeltied relatively little
in the way of fishing gear, but Va’oto is similar to To’aga in producing a relatively large
assemblage o#khhooks (n =28 from To’aga, n =26 from Va’oto). Shell scrapers, bracelets,

and beads, along with other bone and coral artefacts havedoeeared, as wel. Shell,
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urchin spines, and bone (mostly fish) are abundant at the site (Aakre 2013). Like To’aga, an

increasing terrigenous component to the sediment budgetesvable through the sequence.
Coconut Grove

The Coconut Grove site (AS-133) is located a short distance west of Va’oto, the
southernmost extension of the island. Field research lessdmnducted at the site since 2011
directed by Clark (Clark 2013). Excavation in a modern ditchalegtea small number of
artefacts, specifically volcanic glass flakes, along waitbultural deposit overlying sterile
sand. Bioturbation and disturbances resulting from cuttisatire clear in Layer |, but Layer
Il appears not to have been disturbed by gardening actitigs 3.24).

Two radiocarbon determinations from the site indicate itlitgttes from the earliest
period of human habitaton on Ofu (2" centuries BC) (Clark per comm. 2014). The first
determination was taken from the interface betweemdsal cultural layer and the sterile
sand beneath, the date being contemporancous with the earliest from Va’oto (Beta-307473,
247030,20 768-431 BC) (Clark, unpublished data). The second, from the top af Llaye
dated somewhat later as expected (Beta-308978+3872s 540-388 BC) (Clark,
unpublished data).

Figure 3.19 The shallow stratigraphy of Coconut Grove (AS-13-37author’s photo)

The Coconut Grove landscape rises gently from the marsiie tcoast, with two

postulated beach ridges that are slightly more pronouncesl ajgparent before the final rise
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at the modern beach ridge. The most intensive habitatictimg da the £ milennium BC,
occurred back of the most inland beach ridge, an area thateiscithe modern trench within
which the deposit was first identified. The site is s#tdadirectly seaward of the modern
freshwater marsh. The limited archaeological investgatof the area between the marsh and
the coconut grove location suggests that the area cowddldeen the land surface of a water
body at some point based on the presence of marine sand andle pessiant reef below a
layer of coluvium (Addison per comm. 2014). The patterning of tbeseh ridges and the
location of archaeological remains broadly support previous moflesastine progradation
(Kirch 1993d). However, local variability may also be presenhan the area between the
inland cliffs and the coconut grove site could have beeatervibody that was infilled during

the course of human occupation.
A’ofa

A’ofa is located on the tablelands of the remnant A’ofa crater. Archaeological survey
has identified a large number of landscape modificationarK @t al. 2012), the most
common of which are terraces. Some larger ones possesxevidEpast residential activity,
while others on the slopes were much narrower and shadditionally, depressions and
extensive ditching was identified in the area. While not necessarily part of A’ofa,
archaeological remains have been found on ridges overlookingothglex. A single star
mound was documented by Herdrich and Clark, but could not be egloibasubsequent
years due to the density of vegetation. Just downslope ofgbeted star mound location,
several large depressions have been found (Clark et al. 201tRgrFsurvey has documented
multiple star mounds in other areas of the same ridgeghh the density of these features is

much lower than on Olosega and the exact number is unknown
Chapter Summary

Ofu, part of the Manu’a group of the Samoan Archipelago, is a dynamic landscape.
Late Holocene coastal reconfigurations were considerakddy impacting the location of
archaeological sttes. The climate of the region is ctemsed by variability, impacted by
both inter-annual (ENSO) and inter-decadal (IPO) cycles. Mpsirtantly to the discussion
of agriculture, this variability influences the frequerayd intensity of tropical storms. Long-
term changes in the climate of the region have alsa deatified, though these are poorly

understood for Samoa given the lack of a local paleocimatorde
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The archipelago was colonised by humans ~2700 BP. Populatiolys eiigeanded
across the archipelago, eventually inhabiting the ingerairthe larger, western islands,
though coastal settlement in Manwersists until the beginning of the 2"?milennium AD.
Eventually, groups across the archipelago began construeéiriben and stone residential
features, and spatial patterns apparent in the distributidhese features have been utiised
to infer the development of a hierarchical poltical systensogiated with this apparent
increase in political complexity was the constructionodffications, for defensive purposes,
and special purpose monumental architecture (e.g., star mougis)ting changes in the

nature of socio-poltical relations across the archipelago.

The 19" and 28" century Samoan poliical system has been classified by
ethnographers as a chiefdom (e.g., Marcus 1989). Since ahiedstet 18' century AD,
power has been concentrated at the household level, hetibdyridividuals referred to as
matai.However, some have argued that the poltical system wes centralsed during the
prehistoric period. In these potentially late prehistoric igalitsystems, some individuals
held both scared and secular power that spanned entiretdistnd, in some circumstances,
entire islands or groups of islands (Meleisea 1995). The demonstration of manawas
important to maintain and negotiate individual and group po@mee. way of demonstrating

manawas through agricultural productivity.

The production system as documented in thBar@l 26" century provides a view of
the endpoint of these changes. The historic and moderstiiafrdood production systems
were based on the cultivation of taro in dryland systeé®asne wetland cultivation was
practiced, but this was done opportunistically in naturallguong wet land environments
such as marshes or estuaries. The subsistence econeghyorethe exploitation of a few key
crops, specifically taro, breadfruit, coconut, and banana. Theps &re impacted by hazards

such as cyclones, landslides, floods, and drought.

Questions remain as to the prehistoric sequence théb #is endpoint, specifically
regarding how the human population responded to a variablorenent and changing
patterns of socio-poltical relations. Was the agricultisygdtem always defined by techniques
considered non-intensive? How did the food production systerto attigate the probabilty
of food shortfalls? How did the food production system respond to doman&andscape

evolution? The methods for addressing these questions em@enfad in the next chapter.
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Chapter 4: Methods of Analysis

Multidisciplinary landscape approaches that use geomorpbal@g@cological, and
archaeological techniques have successfully been employednime agricultural systems
in Polynesia (e.g., Alen 2004; Field 2005; Kirch 1994, Ladefoged et al. 2009, 2011,
Vitousek et al. 2004, 2010). This project used mulidisciplinary tgabsi to document
landscape evolution and agricultural actvities on Glant, and this chapter summarises
these methods. Field work was undertaken in two phases: faobsinvestigation both on
the coast and in the interior and surface survey imtbdgor. These methods were directed
towards documenting the location, timing, and managementricfilagal actvities as well

as the environmental and cultural context within whiclivation strategies developed.

Subsurface Examinations

Subsurface investigation was conducted to document theo@dggnof cultural and
geomorphological features within and across given arease Types of investigations were
undertaken on the western coast in modern day Ofu Vilageng, trench excavation, and
controlled test excavation. Only trench excavation veaslocted in the interior uplands of
the island. Given different goals of excavation in cdastd interior zones, slightly different

methods were employed.

Coring was used as a way to identify promising deposits on tie a@oag two
transects running perpendicular to the shoreline. A sih@heter C-section probe with
extensions that reached 1.4 metres below surface (mbs) @hsSad stratigraphy was
interpreted from the probe, and drawn and described. These daseripitluded soil texture
(e.g., clay, sit, sand), colour, and inclusions (e.g., shel,cahircoral, and rock). Special
attention was paid to indications of increased burning itgctind changes in texture and
colour of sediments indicative of erosion from the intericrthase can be used to document
the location of agricultural activities. The location ofleaore was point-plotted with a
Trimble GeoXT series GPS unit georeferenced using UTMdewde system WGS 1984
Zone 2s, and an overview photograph was taken of each traWdsem. promising deposits
were identified, controlled excavation units or back-hoeches were dug to expose larger
sections of stratigraphy. The location of each area thatew@avated was point-plotted with

a GPS and photographed before and after excavation.
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In three back-hoe trenches, soil stratigraphy was draarpbotographed for at least
one wal. Each individual stratum was described for sailtex dry colour (using a Munsell
colour chart), structure, inclusions, and strata boundanestransitions (USDA 1993). If
charcoal was identified, it was sampled for radiocarbon datihgspecial attention given to
the dating of basal layers and terrigenous deposits. Therseof specific interest because
they could mark changes in geomorphology or human land ube @oast or on interior

slopes. Before backiling, sois were sampled from each stratu

Four units were test excavated using controlled methodsseTivere dug with trowels
iN 10cm arbitrary “levels” within strata referred to here as “layers”. All material was
screened through 1/4 inch (6.35 mm) mesh whie samples kere fa 1/8 inch (3.175
mm) screening. All features encountered were given enigumbers, and bulk soil sanple
were taken out of each to be water-screened in 1/16 inch (1.58 esh) fon small artefacts,
faunal remains, and charcoal. All were systematicallgcidzed in terms of size, shape, and
inclusions. Charcoal sampled for radiocarbon dating was ahegoveredn situ. When
artefacts were encounterad situ they were given unique specimen numbers, collected, and
transported back to the laboratory. When found in the scregnwihve collected and placed
in a bag for that level and layer, and then transported babk taboratory where they were
given unique specimen numbers within that layer arel. IM faunal material whether
found in situor in the screen was collected and bagged by layer and &welsamples were
taken from each layer using a similar methodology as deguabove for trench excavations.
At the completion of each level or layer, whichever cdireg photographs were taken and
maps drawn of the excavation floor. At the end of each akityalls were photographed and
one representative wal was dravim.situ stratigraphy was described according to USDA

standards (USDA 1993), with particular attention given ttastboundaries and transttions.

Given differences in soil matrices and the specific goélthe study, test excavation
in the interior uplands used a different methodology. The ajoacavation here was to
identify the base of surface features, ascertain whethéiple phases of construction were
present, and collect charcoal for dating. Given these aieiods of excavation were
similar to those employed by McElroy (2007, 2012) to excavate agr&ulteatures in
Hawai’i. Before trenching, the excavation unit was point-plotted with a GPS and photographs
were taken. Trenches were dug perpendicular to featurbsshaivel and pick axe.
Excavation continued until charcoal was no longer idebtdé in the matrix or until a

stratigraphic change was encountered that represemddwibr boundary of fill used to

80



construct the earthen modification. When artefacts \endtified, they were noted,
photographed, and collected. Charcoal for radiocarbon dating wpiedainom the interface
between stratigraphic layers, if any existed. When a skeatigraphic division was present
and the lower layer did not appear to represent filing agedcigith feature construction,
charcoal close to that transition was taken for datingopiag from this location provides an
opportunity to obtain a maximum age of the feature. When niiyistpdnic  or charcoal
density changes could be identified, charcoal samples were fam the base of
excavation. When faunal material was encountered, a savasidaken for analysis. After
completion of the trench, the walls were photographed brg¢ wmly drawn when

stratigraphic differences were apparent in profie.
Laboratory Analyssof Sampled Sediments

Particle size analysis, the measurement of the sdbdiion of the individual
particles that make up a sediment or soi, was used intémpretation of depositional
environments and sequences of geomorphological change. &ies @nd degree of sorting
of a sediment can reflect the energy level of the@mwient (Kirch et al. 1993), which may
be impacted by human or natural agents (e.g., M. Alen 19983pthéwforming on the
nature of geomorphological changes in a given area. Alseant to this study, J. Allen
(1984) has demonstrated that cultivation and forest clearean be inferred using particle
size analysis of deposits downslope of activity, a technigakaitis in the documentation of

agricultural activity even if field features are noesent.

Analysis of sediments was conducted on samples taken fromolleon excavation
and trench layers on the coast (n = 34; all layers of T1, T33Xand XU-4, and the bottom
three layers of XU-2). In each case, sediments repragentdteach layer were sampled,
usually a roughly 10x15x10 cm block cut from a clean profle Wakse samples were
placed in heavy Zploc bags and transported to the Unives$iuckland for analysis.
Analysis was completed at the University of Auckland &arthnalysis and Sedimentology
Lab utlising a Malvern Mastersizer 2000 Laser Diffractiparticle analyser. This technique
employs a laser beam that transmits through a solutiondififaetion of the beam off the
particles is then measured based on soll type (e.g., beachatarbestuarine sediment, etc.).
Each particle of different size transmits a differegnature, which enables the machine to

accurately measure the proportion of different particlesach sample.
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Al samples were mechanically sieved through 1/4 inelshrto remove clastics with
a size of over -®. As most of these had been noted and removed in the fielducere
shipping weights, analysis is restricted to course sardl padicles and smaller. In the case
of clay or sit, samples were mixed with a 4 percent Calgaiticsoland left over a 24 hour
period to ensure that individual particles dispersed. Sand weessdisl using a buit-in water
mechanism in the particle analyser. The analysis ppésentative subsamples was ensured
by mixing sediments, either by vortex in the case of aaysmple mechanical shaking in
the case of sands. To reduce residuals and improve accuegcgnd sit samples were
coded as “estuarine sediments”, while sand samples were coded as “beach carbonate”.
Nevertheless, because some of the samples were a miferefidifsediment sources, residual
readings were higher than normal. The results wessifdal using the Udden-Wentworth
scale based on descriptive terms that correspond to individ usizeptclasses (e.g., clays,
sits, fine sands, medium sands, course sands, etc.; Table 4ulls Réthe grain size
analysis are presented in Chapter 5 in frequency distiibgraphs as the percentage of the

total weight of each class.

These analyses do not directly document the source of stxjimemether they derive
from a marine or terrestrial environment, but results ofgarsize analysis supplemented by
field observations were used to infer sediment source. $p#gifiin this study clay and silt

particles are correlated with terrigenous sediments.

Table 4.1 Udden-Wentworth Scale

Descriptive Term Phi Size
Very course sand -1.0t0 0.0
Coarse sand 0.0to 1.0
Medium sand 1.0t0 2.0
Fine sand 2.0t0 3.0
Very fine sand 3.0t04.0
Coarse silt 4.01t05.0
Medium silt 5.0t06.0
Fine silt 6.0t0 7.0
Very fine silt 7.0t0 8.0
Clay 8.0 phi and smaller
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Survey
Featureldentification and Mapping

Pedestrian survey was conducted in two interior upland areas, Tufu and A’ofa (Fig.
4.1). This was done to document the distribution of surfacerdsatcross these landscapes.
Though archaeological remains exist in other areasea$itind, as identified using a Lidar
dataset (see below), other areas were not surveyed giwercdinstraints and the perceived
degree to which historic land use had resulted in theaidte of the prehistoric features in

areas other than A’ofa and Tufu.

In order to record the full range of activities present, a sample area of Tufu and A’ofa
was recorded in detal, referred to in this study as thdedetsurvey area. Pedestrian survey
in detailed survey areas was undertaken in paralletetcgsr Though areas of dense
vegetation sometimes prevented passage by way of tgnaédand was visually inspected
by at least one individual. When transecting was possidey members, ranging from 2-4
in each crew, walked spaced 5-10 m apart. When archaeoldggtales were encountered,
each was plotted utiising a Trimble GeoXT series GPSrnanvie georeferenced using UTM
coordinate system WGS 1984 Zone 2s. At the end of each day, GRS amats, and lines

were differentially corrected using a base station locatetutuila (ASPA).

Archaeological remains identified during survey were ltighrete (constructed af
single morphological element) and aggregate featurestifactesl of multiple morphological
elements) (Table 4.2). Feature types encountered on Oftleidciterraces, depressions,
ditch-and-parcel complexes, ditched terraces, and centralsppens. The description of
these feature types is expanded upon in Chapter 6. Eadke feats described and
photographed in the field. All information was transcribedath a notebook and into a data
dictionary on the GPS units. For each feature type, a seysi€ahcharacteristics were
recorded with the aim of analysing morphological variabilitg,ssubsequently, feature
function. For terraces, this included size, shape, andrésence and type of paving. For
depressions, characteristics recorded included the preseacook (coral or basalt) boulder
edge around the feature, diameter and depth, and the pre$asseciated features. In Tufu,
the full distribution of depressions was not able to be docudhette to time constraints of
field work. However, a sample was redal for comparison to A’ofa. Terraces and
depressions were measured for maximum and minimum dimenssings a 50 m tape in the
field.
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Some feature types were more difficult to document givem #patial extent, most
notably the aggregate feature types of ditch-and-pam®plexes and ditched terraces. When
identified, their spatial extent was GPS-plotted with @&seoiff points or a line. Each ditch
element was measured for depth and width, noting the peeséitmnds (earthen banks of
ditches). Finally, the area encompassed by the ditch wasnega noting the presence of
modification, which is the distinguishing trait between the aggregate feature types that
include ditch elements. When the area encompassed bycthendis artificially flattened, the
area was recorded as if it was a regular terracing nettegand paving type. Even when a
portion of the land encompassed by the ditch was terraceds ibmly labeled as a ditched
terrace, as opposed to a ditch-and-parcel complex, when a higlgaortpn of land was
terraced instead of sloping (Chapter 6). The length of diteves measured on GPS after

they were outined, with their width and depth measurettharfield using an 8 m tape.

- Detailed Survey Area
— 20m countour
05

|
Kilometers

Figure 4.1 Location of the two interior areas surveyed on Ofu. More details are provided i@hapter 6
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Table 4.2 Feature morphology and definitions

Morphological Elements/Discrete Features Definition

1.Ditch artificially constructed channel situated below theeleof the ground surface that is longer than it is w
2. Parcel slopingland that is bounded on three sides by ditching

3. Terrace artificially flattenedearthen structure with three free-standing sides or less

4. Depression circular sunken area that is the resutt of cultural ictief. pit

5. Edging stone (coral or basalt) surrounding depressions

6. Paving rounded to sub-rounded coral and rounded to sub-arigdait that has been scattered on a flat surf

Aggregate Feature Types

1. Ditched Terrace aterracethat has been ringed by a ditch with coral gravelamate coral paving
2. Ditch-and-Parcel Comple x feature with at least one ditch branch that surrouretrea ofslopingland
2.1 Ditch-and-parcel network multiple connected ditch branches or segments thatlyislefine multiple parcels
2.2 Ditch-and-parcel single single ditch branch that surrounds a parcel in a Ueshapttern
branch feature
3. Central Space absence of structures in inhabitable environmentsrehideiger than needed for a single domestic ur

The area must be located in a central position or aehef a central position and bordered by parall
terracing, which should be the largest terraces indhe z
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Methods of Spatial Analysis

All survey-collected feature information was integriateto a Geographic
Information System (GIS). GIS is a software paekthat’s “main purpose is to store,
manipulate, analyse and present information about geographic space” (Wheatley and Gillings
2002:9). Many researchers tend to use the software as a toeaeate maps, which can be
accomplished quickly. However, thefisvare’s capability of aiding in analysis and
interpretation of spatial patterns has been readily ressshin the last decade, and
developments in software capabiities have resulted iavhiability of a wide range of
computer aided models and simulations. Nevertheless, gkeeeatie of viewing spatial data,
one of the most commonly employed techniques is exploratornyalsgata and statistical
analysis without the aid of simulations and models (Conraald Lake 2006:112-148;
McCoy and Ladefoged 2009:265). This project used both statisticatioleer! analysis and

more specific modeling tools in GIS.

GPS data collected in the field was downloaded into PathFgafevare and post-
processed utilising the American Samoa base station ofaTullie post-processed data was
converted into shape fles (.shp) and uploaded to a working GiSrenent in ArcGIS 10.1.
As dense vegetation cover at times precluded the edfectitining of some terraces in the
field, or made some appear distorted, area features were ad®8 to make them more
representative of the actual on the ground features. dbase¢ was created to store feature
attribute information (e.g., size, type, paving), which coodhtbe queried. When all
databases were completed and all information confrmed eamsasEcanalysis was undertaken
using locational data analysis through statistics andfispmls in the ArcGIS software

package.

Lidar Analysis. GIS modeling and map creation used Light Detection andifar{gidar)
imagery. Lidar is an airborne laser measurement systahemploys time-of-flight laser
pulses. The signatures of different measured pulses, sowigichf can penetrate vegetation,
are classified to create point clouds of various returns, (@age-earth, structures, vegetation,
etc.). These point cloud returns are then interpolated ttecsadaces, often digital elevation

models, from which derivative products (e.g., hilshades, slogmes,nedc.) can be created.

Lidar data used in this project was flown by Photo Scienae,ini2012, during the
first field season, at the request of the National Oceamic Atmospheric Administration

(NOAA). Data was collected across American Samoa by & ainwaft flying low altitude
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overlapping swaths over the islands in 108 fight lnes and 7(Raber 2012). Data
collection was accomplished on a relatively cloud free daywas post-processed by Photo
Science, Inc. to create classified LAS fles in TereaSand TerraModeler. Data from most
of the island was procured, but bare-earth returns areilabdeafor some small areas, most
notably a portion of A’ofa. This is most likely due to cloud cover on the day of flight. All

point data were calbrated by Photo Science, Inc. using es sarcontrol points on each
island. All bare-earth returns were processed and conveoiedLAS datasets into DEM

fles, which were subsequently merged together. Thetaesubroduct delivered by Photo
Science, Inc. features a horizontal accuracy of 1 m andi@verccuracy of ~15 cm.
Elevation data included in these files is measured frammean low tide line on the day of

data acquisttion.

| acquired these data prior to the 2013 field season. Digitahtielevmodels were
used to create a number of surface layers, specificadfye shilshade, and relief maps using
the ArcGIS surface analysis toolset. The acquisitiothefLidar dataset, paired with the
results of pedestrian survey, enabled a digital island-uniggior survey to be undertaken via
a simple GIS procedure to identity zones of high archaeolofgedlire density. The methods
employed in this analysis buitt on the work of McCoy et201(l). Specifically, a slope-
contrast map was generated and areas of flat land iwsthesloping landscape were
isolated to identify terracing, though the specifics vedered with additional steps. These

methods are as follows.

The comparison of survey results and a Lidar-derived slopenthepted that human
constructed features, specifically terraces, could be adsitified in unsurveyed zones
using the Lidar dataset. This comparison indicated thahvehslope map was classified,
areas of 0-10 degree slope corresponded to areas of field obseredst¢Fig. 4.2). An
terative GIS procedure buiding on this correlation wasied to understand the patterning
of archaeological features at an island-wide scale bgurieg the density of terraces across

the landscape.

To do so, a high resolution slope map was generated in Aro@ittifie Lidar
dataset. This map was then reclassified, with classsl6fdegrees and 10.1+ degrees, to
highlight flat surfaces in otherwise steep slopes (Fig. 4.3)ndasure the density of features
in the interior, the raster slope fle was converted ttovepolygons that outined the 0-10

degree slope areas (Fig. 4.4). Much of what was outlined as 0+&@ ddgpe are human
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constructed features, but the Lidar dataset also includeg (e.g., understory vegetation).
To exclude noise from further analysis as much as posdbjgohmons with an area of less
than 20 rhwere removed. This figure was based on the minimum tea@zemeasured
during detailed survey (Chapter 6). This created a map @fppeoximate distribution of
terraces across the island.

In order to quantify the density of features in differantas, polygons of 0-10 degree
slope were converted to points, with a point generated for esiex \of each polygon (Fig.
4.5). To further ensure that the majority of points repredesmtehaeological features, those
associated with historic and modern trails and roads wéstedleBoundaries of high feature
density zones were calculated using the point densityintdglcGIS. The vertex points were
used as input and their density was calculated usingtangelar neighbourhood with a 30 x
30 m search area. The output generated was a point dentty witts a 5 m cell resolution,
which was reclassified to include the majority of tersadentified during pedestrian survey.
In other words, areas of high feature density were daiitipased on threshold manipulation
to include known terraces through trial and error. Thesedaoas provide important
reference points for locational analysis of features ifiehtthrough pedestrian survey. These
guantitatively-derived boundaries were used to calculate @& n@are for the Tufu and
A’ofa high feature density zones using the mean centre tool in ArcGIS. These mean centres

are used as reference points for statistical analgissussed below).

Determining the spatial extent of cultivation techniques Archaeologists and ecologists
have found that the distribution of modern vegetation typedn establishing the spatial
extent of cultivation practices (e.g., Lincoln and Ladefoged4; Quintus 2012). In this
project, United States Forest Service (USFS) vegetatiaps were utilised to outline the
spatial extent of past land use activities (Liu andhes@007). These maps were previously
drawn by the USFS employing high resolution satelite @amagGeoreferenced .shp fie
copies of these maps, with the associated database of plsificelions and area
measurements, were integrated into a GIS. Of relevandes tproject, these maps
distinguish modified forest from “pristine forest”, and further divide modified forests nto
economic (e.g., breadfruit, coconut) and secondary forest zompsH(eiscus tiliaceus
terminology of the original vegetaton maps). These tediga patterns were quantitatively
compared to the results of pedestrian and Lidar-based sonestirhate the spatial extent of
some cultivation techniques (i.e., shifting cultivatiomd arboriculture). The results and

discussion of this procedure is presented in Chapter 6.
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Figure 4.5 Polygons converted to points with points of historic trails removed
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Feature data analysis After pedestrian survegf A’ofa and Tufi was competed, al feature
information was compiled and input into Excel spreadsheetam&ty statistics (e.g., mean,
range, and standard deviation) were calculated for alréeaiasses, as defined above, in
each survey zone. Feature variability was assesseedyngr size classes of equal intervals
and comparing those ranges with other feature attribetes, paving, edging). Size breaks
were consistent between the Tufu and A’ofa survey areas, ensuring comparability. Based on

the co-variance of multiple attributes (e.g., size, lonatpaving, edging), features were
grouped into classification schemes. Terraces wersifidds based on size and the
presence/absence of coral, depressions by diameter andskeqa/absence of a stone edge;
and ditch-and-parcel complexes by the number of connectinghes (one or more than

one).

After all calculations were completed, the data was disglag geographical space.
Al features were visually examined to assess tts=p@ation with other features (ditch-and-
parcel complexes with terraces) and environmental adtsb(¢.g., ditch-and-parcel
complexes with streams). This was aided by the creatidtnfiers surrounding streams or
feature types. More spatial patterns were discerned logiatjonal statistics, specifically by
exploring the relationships between feature size, eleyvamd centrality. For correlation
analysis, the Lidar dataset was the source of elevatimanid centre points were calculated
in ArcGIS based on the boundaries of the high featuretyglermnes. These relationships,
between elevation and terrace size and ditch-and-psaimeelnd distance from the mean
centre of the high feature density zones, were plottétkael and trend lines added to
highlight patterns. The strength of relationships was as$esing a coefficient of
determination (R?) calculated during regression asalgsiExcel. The correlation of two
variables was quantified using Pearson’s Product-Moment Correlation Coefficient (R), and a
critical values table was used to determine p-valuethércorrelations Pearson’s chi-square
tests were used to examine significance of correlatiocatiegorical datasets, accomplished in

Excel.

Termestrial laser scanning and hydrology. Some areas in each high feature density zone
were mapped in greater detail using terrestrial las@mng under the direction of Dr.
Stephanie Day (NDSU Geoscience faculty). Terrestradet Scanning (TLS) is a measuring
system based on time-of-flight laser pulses. Similar torLittés technique, because t is
tripod based, has the capabilities to scan and measuralvertoear vertical features with

more accuracy. This project utlised a Faro Focus 3D 120, owned aradeoply North
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Dakota State University geoscience faculty, which cadusre outputs with centimetre scale
resolution (usually under 10 cm). The Faro is a phase shifiner with the ability to measure
up to 976,000 points per second, and has a collection range between 0.6 and.ds4 m.
sanning was utilised to create 3D visualisations of indiMidfeatures or a series of features.
The aim was to better document the morphology of individualrees but specifically to
assess the hydrological functioning of ditch-and-parcel cergpleAs vegetation can impede
the modeling of the landscape, multiple scans from diffeeeigles were taken of individual
features to create a composite image, with vegetation renewing data processing in Faro
SCENE software. The alignment of multiple scans was abguin accomplished by the
software package by detecting white spheres that weredpladhe landscape and scanned

along with the archaeological features.

Hydrological discharge was calculated in ArcGIS for onehelitnd-parcel complex.
A 25 cm DEM, where resolution was reduced to decreasarthentcessary to post-process
the data, was created by laser scanning a ditch-and-maneplex using a total of 15 scans
over an area of 1900 m?. From this DEM, hydrology was modelled byfyiemt channel
thalweg, the lowest elevation in a water course, atjfisihe flow accumulation tool in
ArcGIS, from which a flow line was created from cells ajest accumulation. Discharge

was estimated using the Manning Equation (Manning 1891):

0= %AR2/3\/§

In this equation,k is a conversion factor of 1'fils for Sl units,A is cross-sectional
area,Ris hydraulic radiusSis slope, anadh is the unitless Manning’s roughness coefficient.
A larger n value assumes greater roughness and a lowalue assumes less roughness in the
channel. For this calculatiom is assumed to be 0.024, which is a value appropriate for a
straight clean weathered channel with some graveloor grasses (Stephanie Day, project
geologist, per comm. 2013). Area and hydraulic radius, a charaiterisof the cross-
sectional shape of the ditch calculated by dividing A by P (pimof feature that is wet),
were found by subtracting the ditch DEM from a plane estimathe water surface in the full
ditch. For simplicity sake, a steady uniform flow in a fulcklivwas assumed, and the water
surface folowed the slope of the ditch. The complete ditalimelwas calculated and
divided by the length of the ditch to find the average csesdional area. Because the size of
the ditch was consistent throughout, the average areagsoa&igood representation of the

ditch capacity. The average hydraulic radius was caculander similar assumptions.
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Charcoal Sample Selection and Preparation

Radiocarbon dating has been a contentious issue in Palyrashistory. Of
importance is the identification, selection, and interpioziaof individual samples (Alen and
Huebert 2014; Alen and Wallace 2008). Many researchers have pilogmessfic criteria to
evaluate the validity and accuracy of radiocarbon dates §uigoney et al. 2011; Rieth
and Hunt 2008; Rieth et al. 2011; Spriggs and Anderson 1993; Wimbuedt 2011),
highlighting the importance of short-lived materials taken fick@ar cultural contexts. Other
researchers have used probabiity statistics and compuigrapiming to reduce the range of
radiocarbon dates, and to provide a more accurate measuredafitigeof target events (e.g.,
Athens et al. 2014; Cochrane et al. 2013; Dye 2011). Radiocarbon dattiig) project
attempts to account for critiques made by these individuals.

As noted abovén reference to field methods, charcoal was sampled inositu
locations. Samples were dried in the field using a commeosian at temperatures
recommended by Beta Analytic Inc. (=60). After drying, samples were sieved through fine
mesh to isolate charcoal and remove sediment and orgamciaiafll charcoal samples
were transported to the University of Auckland for idemtiicn and storage. Samples were
identified by Jennifer Huebert using the University aickland wood charcoal reference
collection. When possible, short-lived samples, as definecegsaliis of a decade or less
(Alen and Huebert 2014:261), were selected to imit the problemmfit age. However, in
some circumstances charcoal of long-lived economic tressdated when short-lived
samples were not available. In these situations, thertamty of the dates is made explicit
and a justification of their use is provided. In generasdhwere dated because they provide
information regarding land use. All samples were amdhaethe commercial laboratory Beta
Analytic Inc. (Miami, FL, USA) utlising accelerated massectrometry (AMS).
Determinations were calibrated in OxCal version 4.2 utilisilmg northern hemisphere IntCal
13 calbration curve (Bronk Ramsey 2009; Reimer et al. 2013).

Chapter Summary

Subsurface investigation was conducted on the west bt island, in modern day
Ofu Vilage, as well as in the interior of the island. talar attention was given to areas
where deposits were identified that could inform on the cliwgg of coastal settlement, the

patterns of land use of the slopes surrounding the coastiitethe changing configuration of
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the coastine. Particle size analysis of sampled sedimeas undertaken to examine the
nature of changing depositional environments, supplementingl ve&xamination
accomplshed in the field. Excavation was conducted imnthaor to create a chronology of
land use and surface feature construction. Surfaceyswas undertaken in two areas, which
exhibited similar surface archaeological features. Thesteres were all systematically
described, and the geospatial and morphological data associdtegaelit were uploaded

into a GIS environment. GIS was utilised to explore spatial rpatie the data, by way of
locational data analysis. Additionally, this project madeaiseerial Lidar and terrestrial

laser scanner datasets.
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Chapter 5: The Archaeology of Ofu Village

Archaeological investigations on the coast were undertaken asvarea of 9 ha on
the western coastal flat of Ofu(AS-13-41) (Fig. 5.1; Table 5.19. dbastal flat is the widest
on island, with the interior slopes located ~200 m from thehbatits maximum dimension.
The lone vilage is situated on this coast, and strigtsach as houses, house platforms,
churches, stores, etc., are spread throughout. Most of tleleeaed inland of the modern
road, itseff between 20 m and 60 m from the present shorelinevildbe is split into two
named sectors (Ofu and Alaufau). Excavation and corirgoaaducting in each, but it was
more intensive in the named sector of Ofu. In the folowdligzussion, Ofu Vilage refers to

the collective whole.

The subsurface investigations of site formation proseiss®fu Vilage addressed
three goals. First, they were used to assess the mdtprehistoric land use over time.
Second, they enabled an examination of shifting cultivaigsiems on the coast and on the
slopes inland. Third, they were utlised to test the modindtcape evolution presented by
Kirch (1993d). To address these goals, coring, controlled exmavatnd trench excavation
techniques were employed to examine an area of ~16 m?. Twirgll is a description and

discussion of the results of this subsurface examination

Table 5.1 Summary of subsurface excavations conducted in Ofu Village (see below for more destail

Subsurface Unit Terminal Depth  Time Period Material Culture

XU-1 220 cmbd Late Prehistoric  Lithic and shell artefacts

XU-2 *210 cmbd Unknown None identified

XU-3 203 cmbd Late Prehistoric  Lithic artefacts

XU-4 318 cmbd Early Prehistoric Ceramic, lthic, and shell artefacts
Trench 1 165 cmbs Unknown None identified

Trench 2 143 cmbs Unknown None identified

Trench 3 *152 cmbs Late Prehistoric  None identified

*denotes termination prior to positive identification of a sterle layer
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Figure 5.1 Overview of Ofu Village

Coring

Coring was conducted to identify promising deposits that couldeasidine timing
and sequence of geomorphological change and land use pragteas both inland and
seaward of the present road were cored. Locations, neamtihe okthe vilage in the named
sector of Ofu (Transect 1) and near the northern edge ofltge in named sector of
Alaufau (Transect 2), were chosen based on environme ntiolutattr that signify that these
might be places in which deposits of significant temporalhdeptid be found (Lepofsky

1988) (e.g., access to the reef and reef breaks for canoe passage).

Cores in Transect 1 were arranged perpendicular to the sho(Elm 5.2, 5.3),
beginning on the inland side of the modern road. The first lafyall cores consisted of a
dark brown sandy loam soil. Calcareous sediments dominated ttieesnan the two
seaward most cores through to termination. However, in aatdnk layer of soil was

identified at ~40 cmbs, with increased organic content and pamtieulate charcoal. In the
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other three cores, terrigenous sediments were noted. Asowes fmland, one is likely to
encounter these sediments higher in the solil stiakigraat ~50 cmbs in Core 3 and at ~40
cmbs in Core 4 and 5. Cultural activity is evidenced in edettby increased charcoal
frequency and the presence of faunal material. Theseriaismtwere densest, based on visual
approximation, at depths of 40-50 cmbs in Core 3, 43-60 cmbs in Core 4,-&@dcAds in
Core 5.

Coring was undertaken both seaward and inland of the modetrinrdeansect 2
(Fig. 5.4). Core 1, seaward of the road, could not be probed deeper than 90 chabthadue
presence of large inclusions. No possible cultural materid noted and the soil was
homogenous white beach sand. In contrast, two cores inlaie mdad provide evidence of
human occupation and geomorphological change. The matrix efZaonsisted primarily
of calcareous sand, multiple strata identifiable by colaih possible cultural deposits
separated by sterile white sand layers. A thick layerraofeaous clay was discovered in
Core 4, originating at a depth of 124 cmbs and extending past the &itijte coring device
(140 cm). Similar stratigraphy as that identified in Core 2faasd above this layer.
Material indicative of cultural actvity, specificallparticulate charcoal and shell, was

plentiful in both cores, especially near their terminatjmoints.

Figure 5.2 Location of the cores in Transect 1

97



0.25 m‘

5m

Loam

Sand

Clay

Beach Berm (1 masl)

Core #1 Core #2 Core #3
0-103 BS 0-70 BS 0-99 BS

3.3 masl

Core #5
0-80 BS
Core #4
0-146 BS
X

/
=

XX
% L I. Red sand
L Il. Salt and pepper
L I. A-Horizon sand .
LII. Light brown loamy L |iI. Light marine L - A-horizon
sand sand L Il. Light coloured
L lll. Dark humic sandy L |V. Dark humic sand
loam sandy loam L lll. Dark brown loamy
L IV. Light sand (marine?) sand
L IV Dark brown sandy
clay

L I. Light coloured sand

L Il. Dark brown humic layer
L lll. Light coloured sand

L IV. Black clay

L V. Brownish red clay

L I. Dark brown loamy sand
L Il. Light brown sand

L lll. Dark brown sandy clay
L IV. Red clay

L V. Red clay (loose matrix)
L VI. Dark brown sand

Figure 5.3 Diagrammatic section representation of Transect 1
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Figure 5.4 Location of cores in Transect 2. Core 1 is not shown, but was situated immediatelpward of the present
road in line with others

In summary, promising deposits were documented in both locatanes,
specifically near Core 2 of Transect 2 and near Cores 4 and &isett 1. Coring in
Transect 1 documented a changing stratigraphic sequenceadioagthat ran from the coast
to the inland slopes. Evidence of terrigenous sedimentat@sifound near the slopes, whie
evidence of cultural activity, in the form of shell afducoal, was identified in multiple
cores. In Transect 2, evidence of terrigenous depostiondesmtified inland of the road.
These deposits exhibited a high density of charcoal inolsisand shell, potentially indicative
of both agricultural activity on the slopes and culturetivily on the coast. Increased
precipitation could also have been a factor in increasedet@us deposition, but forest
clearance would stil be necessary to induce erosion, archédineoal in the deposits attests to
vegetation clearance. The interpretation that chasteats from human-induced vegetation
burning is supported by the rarity of natural fires infribwnid tropics (Kirch and Hunt
1993h:235). Natural fires can occur, but when they do they arellgpeagstricted and do not
spread. The density of charcoal at different depths of thegesits is evidence that natural
forest burning is not the lone cause. Controlled excavatiohtranching was conducted in
these same locations to gather more detailed data regardimgpbsitional history of each.
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Controlled Excavation Units

Following coring, four units were dug in areas in whiclidence of
geomorphological and cultural activities had been identiflextations of excavation were
sought that would inform on the changing depositional segsiesioeg the coastal-inland
and north-south spatial extent of the vilage. However ptesence of modern structures and
difficulties acquiring permission to dig on certain land |oed this to some degree (Fig.
5.5). Therefore, XU-1 represents an attempt to examine the depdsliistory of Alaufau
near coring Transect 2, whie XU-2, XU-3, and XU-4 were sitlianear coring Transect 1.
This section describes the results of each of the fouroled excavation units. Folowing
layer descriptions, a brief interpretation of the stragilgyais presented. References are made
to faunal material found in each layer, but these amalgse stil underway and all references
here are qualitative and ordinal. Unless otherwise stdlddu@al material, including shell,
is interpreted to be culturally deposited.

Figure 5.5 Location of controlled excavation units in Ofu Village
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XU-1

XU-1is a2x1 m unit laid out immediately inland of Core 2 of 3eah 2. Eight layers
were recorded, one of which had recognised sublayers. Fairpm&historic combustion
features and a very small assemblage of cultural adaterig., shel, fishbone, lithics) were
noted. The excavation was terminated within a sterit $&syer at a depth of 220 cmbd (Fig.
5.6).

Layer | was a 35-40 cm thick 10 YR 4/3 (Brown), but heterogeneous, loamiyme
grained sand with a granular structure. Inclusions wamer than in deeper layers, though
historic artefacts (e.g., metal and glass), shel, and sonat gravel (less than 5 percent of
the matrix) were noted. Some bone was found, most of which Bppdae pig $us scofp
The transiton to Layer Ib was graduibhyer Ib wasa loamy clay of terrigenous origin
exhibiting an extensive, but shallow, combustion featurtaeimorthwest corner. Historic
artefacts were recovered along with a mammalian ribfistndoone. Thin cemented
calcareous sand covered the underlying clay/charcoal rtite aiterface between Layer |

and Ib. The boundary with Layer Il was abrupt with a smooth topbgra

Layer Il was a 20-35 cm thiclbamy medium grained sand with a 10 YR 3/2 (Very dark
grayish brown) hue and granular structure. Some snagll prickets were encountered in the
matrix as well. Historic artefacts (e.g., glass) weretifilgsh along with small amounts of
coral and shell (less than 5 percent of the matrix). delatie charcoal was encountered with
increased depth. The boundary with Layer Il was diffuséjbiéxg a significant amount of

mixture at the interface, and the topography was wavy.

Layer lll was a 0-25 cm thick 10 YR 5/4 (Yelowish brown) coloured medium toseoa
grained sand with a granular structure. The size of geamds, mixed with some basalt and
coral gravel (~5-10 percent of the matrix), made thisr lagey loose. The layer was thickest
on the seaward side of the unit and was completely alostha east (inland) wal. Some
charcoal was identified, confined to the top of the layerlevdhiel, which appeared naturaly
weathered, increased in quantity with depth. A single ditered basalt cobble and some fish
bones were noted at the bottom, but it is unlikely that these in primary cultural context
gven the sterility of the rest of the layer. When lthger was present, the transition to Layer

IV was abrupt with a somewhat wavy topography.
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Figure 5.6 Profile of the northern wall of XU-1. Note thinning of Layers lll, V, and VI

Layer IV wasa 15-35 cm thick 10 YR 4/2 (Dark grayish brown) granular medium is€oa
grained loamy sand. Shell, angular basalt, and sub-roundeldmeoeanoted in higher
concentrations relative to the previous three layel-{15 percent of the matrix). Most of
the coral and basalt was fire altered and located in éstevn half of the unit near Feature 5.
This was a large, but shallow (110x85x10 cm), combustion felatce¢ed near the bottom of
the layer. Prehistoric basalt artefacts were identibetside of the feature (n = 2). Fish bone
was identified, but stil was not common. The boundary witletd/ was gradual with an

Irregular topography.
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Layer V was a 0-40 cm thick 10 YR 6/3 (Pale brown) granular medium draaed with a
few large angular coral inclusions. These inclusiaheugh, constituted a small proportion of
the total matrix (less than 5 percent). The sand wasclkeay, similar in colour and texture

to dune and beach sand on the present coastline. Some sm@adatfragments were found,
though no features were recorded and no artefacts wetiederDarker splotches of soil
were present toward the eastern end of the unit andhee@oundary between Layer V and
VI. Like Layer I, this layer is absent in the eastevall and thickest in the seaward, western
wall. The boundary with Layer VI was abrupt with a wavy toppby.

Layer VI was a 15-55cm thick 5 YR 3/2 (Dark reddish brown) sandy clay anthb-

angular blocky structure. Rounded to sub-rounded coral and Qesadt was dense (~15-20
percent of the matrix). Shell density increased, but relasparse compared to other
archaeological sites on the island (e.g., Nagaoka 1993). Allvgaslfragmented and
degraded, lkely a result of a post-depositional environment higth terrigenous clay
content. Artefacts remained rare, represented by ten lialsad and a fishhook blank. The
frequency of particulate charcoal was higher than iviqure layers, and some larger pieces
(2-5 cm) were also recovered. Two small combustion-like featusss uncovered near the
middle of the layer (Features 6 and 7). Neither featurebiexhi characteristics markedly
different than the surrounding matrix other than a dacké&ur and charcoal. They were both
smal, 20-30 cm in diameter, and shallow, 10-15cm deep, with oealole increase in shell
or fishbone density relative to the surrounding matrix. The taplarger feature (see below)
was discovered near the interface of Layer VI and L&YerLayer VI was much thicker in
the east wall than in the west wall, the reverse eftiinaton documented in Layers Il and

V. The boundary with Layer VII was clear with a smooth toaply.

Layer VII wasa 20-50 cm thick 10 YR 5/4 (Yelowish brown) granular medium to eoars
grained loamy sand. Shell and sub-rounded coral graveltflasss percent of the matrix)
continued to be found in addition to faunal bone. The defining akaisiic of the layer was

a combustion feature with a high density of fire alteresabdragments situated in the
eastern end of the unit (Feature 8; 35x15x10 cm). Particclsecoal was less frequent than
in Layer VI, though larger pieces of charcoal were obsgergspecially in and around Feature
8. Charcoal from this context was dated (Beta-33286 3D 1408-1452). The boundary

with Layer VIII was difuse, making it dificult to idengif precisely where the next layer

began. In profie, the topography of the transition appeareg. wav
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Layer VIII wasal0 YR 7/3 (Very pale brown) coloured culurally sterile gmamnuoarse
grained sand. Some possible culturally deposited shell was fuaar the top of the layer,
but no artefacts or features were encountered. Rounded towsded coral was also
identified near the top of the layer (~5-10 percent of tagdxh Charcoal, whie found, was
less frequent and may have been displaced from the feageres above the layer. The unit

was terminated after coring revealed no addiional direltav.

Summary and Interpretation. The layers in this unit were fairly uniform exhibi a high
percentage of medium to coarse grained calcareous sarelsy(Fig5.8 and Tables 5.2, 5.3).
A clay component of terrigenous origin was identified ieehlayers, Layers VI, 1V, and I,
though terrigenous sediments constituted a significariopoof the matrix in only Layer VI.
Finer sands of calcareous origin and large unweatheredspa coral were identified in
Layer V. Layers Il and VII exhibited a high percentagecodirse grain sands of calcareous

origin, relative to other layers.

The top two layers are historic, developing as a result of hiraasportation of
calcareous sediments to the area and the continuedal nddynosttion of both terrigenous and
calcareous sediments. Layer lll is lkely the resulstofm deposition based on coarse grain
sized calcareous sand, cultural steriity, and the aingidpickness of the layer from seaward
to inland. Layer IV is the most recent prehistoric cultuager, though it is ephemeral.
Cultural sterilty, the presence of large unweatheredals, and decreased layer thickness
with increased distance from the shore imply that startmitg was the chief depositional
agent that resulted in Layer V. Layer VI representsyer | of colluvium. Several factors
could have contributed to increased terrigenous sedimentesiosing this layer of
colluvium, but | interpret the primary reason to be the alearaf vegetation on the slopes
inland of the unit, perhaps for cultivation. This is inthch by increased particulate charcoal
frequency and the lack of evidence relating to residentidilities on steep slopes inland of
the unit. However, a climatic influence cannot be ruled amiincreased precipitation would
have exacerbated erosion after vegetation clearancearHantupation was initiated on the
steriie Layer VIII, with subsequent human land use ecideé by materials in Layer VII.
From the base of the unit through to Layer VI, theretieral of increased terrigenous
sediment deposition. In no layer was artefact materialepras large quantities. In fact, only
13 basalt flakes and one shel fishhook were recovered fropréfestoric layers even

though 100 percent of sediments were screened.
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Figure 5.7 Eastern wall of XU-1. Note the presence of a thick colluvial layer (VI near tHattom and the absence of
sand layers (lll and V) that can be seen on the southern wall. 1 m across
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Figure 5.8 Southern wall at the boundary with western wall. Note the thickening sand lag@and the thinning
colluvial layer. Top layer is Layer Il, which quickly transitions to Layer lll. 1 m across
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Table 5.2 Summary of XU-1 strata

Thickness Colour Texture Structure Clastics (percent of total matrix) Cultural
Material
I 3545cm 10 YR 4/3 (Brown) Loamy Sand  Granular <5% sub-rounded coral and stone gravel Historic
[l 2035 cm 10 YR 3/2 (Very  Loamy Sand  Granular <5% sub-rounded coral and stone gravel Historic
dark brown)
1 0-25 cm 10 YR 5/4 Sand Granular 5-10% sub-rounded to sub-angular coral and stone gra Sterile
(Yellowish brown)
\Y 1535 cm 10 YR 4/2 (Dark  Loamy Sand  Granular 10-15% sub-rounded to angular coral and stone gravel Prehistoric
grayish brown cobbles
\% 0-40 cm 10 YR 6/3 (Pale Sand Granular <5% angular and unweather coral Sterile
brown)
Vi 1555 cm 5 YR 3/2 (Dark Sandy Clay  Sub-angular 15-20% rounded to sub-rounded coral and stone grave Prehistoric
reddish brown) blocky
VI 20-50 cm 10 YR 5/4 Loamy Sand  Granular <5% sub-rounded coral and stone gravel Prehistoric
(Yellowish brown)
VI uncertain 10 YR 7/3 (Very pale Sand Granular 5-10% rounded to sub-rounded coral and stone gravel ¢ Sterile
brown) cobbles
Table 5.3 Summary of prehistoric cultural feature in XU-1
No. Function Layer Dimensions (cm) L, W, D Profile Shape Contents
Feature 5 Combustion IV >110x>85x10 Shallow Basin FCR, coral, charcoal
Feature 6 Combustion VI 70x40x10 Shalow Basin Charcoal, coral
Feature 7 Combustion VI 20x20x10 Shallow Basin Charcoal, coral
Feature 8 Combustion VI 35x>15x10 Shalow basin FCR, charcoal
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XU-2

XU-2 (2x1 m) is situated between XU-3 and XU-4 near Core 4 of Tatuiselhe
unit was dug primarily with a shovel and pick axe, a methagerh based on the nature of
the depostt (terrigenous sediments), the density of camtasions, and the lack of cultural
material. Twenty-five percent of the sediments excavaiedyery forth bucket, was
screened through '42” mesh. All but the top two layers, out of a total of six layers, exhibited
high proportions of terrigenous sediments, each with highitidensf coral and basalt gravel.
The unit was terminated at 210 cmbd as continued digging bedifimgdt and potentially
dangerous because of depth and the instability of unit Wads 5.9).

Layer | wasa 15-20 cm thick heterogeneously coloured sandy loam layerawgthnular
structure. Multiple lenses of sand and clay were idettifrom the surface to the base of the
layer. Historic materials (e.g., glass and food wrappers) fverel, and a metal pipe
stretched across the eastern wall. Shell, sub-rounded besadl, and sub-rounded coral
gravel were present in low densities (~5-10 percenteofrifirix). The boundary with Layer

Il had a gradual transition and a wavy topography.

Layer Il was a 5-15 cm thick 10 YR 7/6 (Yellow) medium grained sand wittarauigr
structure. The layer was shallow and thin with fevdugions. Some shel, charcoal, and sub-
rounded coral gravel was identified, but constituted less Shaercent of the matrix. There
was significant root activity reaching into terrigesosediments near the bottom of the layer.
Layer IIb, was gray soil identified in the north wal. Throughout Bwer historic materials
(e.g., glass) were found, though in lower quantties comparedyer I. The boundary with

Layer Il was abrupt and had a wavy topography.

Layer lll was a 10-15 cm thickO YR 2/2 (Very dark brown) sub-angular blocky sandy clay
loam. The layer had a high organic matter content basedifyrirom colour. Numerous sub-
rounded basalt and coral gravel inclusions were noteck iméirix (~15-20 percent of the
matrix). Charcoal and shell were found in higher amoti@s the previous two layers, with
shell increasing as the layer deepened. Ash and charcoalideetified in pockets near the
bottom of the layer. Historic material was identified. Tiaemgdition to Layer 1V had a clear

boundary with a smooth topography.
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Layer IV, the thickest in the unit at 80-95 cm, was ¥R 3/2 (Dark reddish brown) sub-
angular blocky clay layer with many inclusions (Figs. 5.10, 5Dé&graded shell was located
throughout the matrix, includingurbo, Cellena, Trochus, Tectus, Cypraaad Tridacna
Sub-angular cobble and gravel sized basalt was identifledg with a high density of sub-
rounded coral gravel (~20-30 percent of the matrix). Charcaalvery common, particularly
small pieces which were quite dense in some areas (Fig B 8y historic artefacts,
specifically food wrappers, were recovered during screesfirggdiments, but these were
never foundin situand appear to have been displaced from the unstable layersdainoge
excavation. Calcareous sand became more visible in thi nw@wvard the bottom of the

layer. The layer thickens toward the inland side of tlite The boundary with Layer V was

gradual, exhibiting a smooth topography.

Layer V was a 25-45 cm thick 10 YR 2/2 (Very dark brown) sub-angular bloekylahm
layer (Fig. 5.12). There was a continuation of high quanttiesub-rounded coral and basalt
in the matrix (~15-20 percent of the matrix), with a similensity of charcoal flecking and
shell as the previous layer. No cultural material wasdhat context. Cinder stone became
common, at least more common than in previous layers. €altaisand-sized sediments,
too, became more common, but by no means did these make up @sigrpiortion of the
matrix. In general, the layer was extremely poorly sbrigeveral non-marine molluscs were
noted in the screen and the layer appears organicaiyheshrbased on colour. The boundary

with Layer VI was diffuse with a wavy topography.

Layer VI was a homogenous 7.5 R 3/4 (Dusky red) granular fine to mediunedgyrsamdy
loam (Fig. 5.13). There was a continuation of dense sub-roundabtlacdrbasalt gravel
inclusions (~10-15 percent of the matrix), though thesarbedewer with increasing depth.
Degraded sea urchin spines were present along with Hgigynentary shel, similar to the
top of Layer VI in XU-4 (see below). Roughly half of all seelits were screened, but no
cultural material was identified. Charcoal was abundamd, tao samples were collected
from the interface with Layer V, one of them dated (B288263,2c AD 895-1021). The
west half of the unit was dug deeper in an attempt thrsterile beach sand as the depth of
the unit became a safety issue, but no such layer wagigde The unit was terminated at

2.1 m, stil within Layer VI.
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Summary and Interpretations. Because this excavation was terminated prior to the
identification of a sterile calcareous sand layer, a coenattigraphic sequence cannot be
proposed (Table 5.4). However, a preliminary assessment base@towaghexcavated can
be presented (Figs. 5.14). Historic materials were confidenthtifidé in the first three

layers. The top two layers are made up of sand, largely aafrealis origin, which was likely
brought into the site to aid in house construction. Thd thiyer represents the historic period
as wel, indicated by the presence of historic material. Meryvehis layer is different than

the previous two in that terrigenous sediments comestitihe majority of the matrix. Based
on the dark colour of the layer signifying a high organic enatbntent that is characteristic

of plant growth in the tropics, the layer might be evideotgarden activity (A horizon).

This interpretation is discussed at length below in eafsr to Layer V.

Figure 5.10 Distribution of charcoal flecking and coral in Layer IV of XU-2. Area roughly 50 cm aarss.
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Table 5.4 Summary of XU-2 strata

Thickness Colour Texture Structure Clastics (percent of total matrix) Cultural Material
I 1520cm  Heterogeneous Sand Granular 5-10% sub-rounded coral and stone gravel Historic
Il 5-15cm 10 YR 7/6 Sand Granular <5% sub-rounded coral gravel Historic
(Yellow)
M 10-15cm 10YR 2/2 (Very Sandy Clay Sub-angular 15-20% sub-rounded coral and stone grave Historic
dark brown) Loam blocky
IV  8095cm 5YR 3/2 (Dark Clay Sub-angular  20-30% rounded to sub-angular coral and sto  Uncertain (lkely
reddish brown) blocky gravel and cobbles prehistoric)
V  2545cm  10YR 2/2 (Very Clay Loam  Sub-angular 15-20% sub-rounded coral and stone grave  Uncertain (likely
dark brown) blocky prehistoric)
VI Uncertain 7.5 R 3/4 (Dusky Sandy Granular 10-15% sub-rounded coral and stone grave Dated (prehistoric)
red) Loam
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The bottom three layers are likely prehistoric in age dasesimilarities with XU-4.
The thickest, Layer IV, is the consequence of terrigerdesosition from the inland slopes.
That forest clearance upslope played arole in the deposititiis dayer is supported by the
density of particulate charcoal in the matrix. The cordhis layer could represent 1) coral
that was originally distributed on the slopes, to creatggivor working floors, which eroded
along with the sediments; 2) multiple attempts at rehgidstructures in this area as the
deposition of terrigenous sediments continuefiint8ntional additions to the soil to improve
drainage capacty; or 4) evidence of high energy marine tiepom the area. Though
historic artefacts were identified while screening sedim from Layer IV, these were never

found in situand are interpreted to have been displaced from layers alnstebie sand).

Layer V is in large part made up of terrigenous sedsnexdt wel, and, in part, is the
result of erosion from the surrounding inland slopes. Layérand V are similar in their
inclusion of fragmented shell, angular basalt gravel, aahigh density of rounded to sub-
rounded coral gravel. This layer, however, is richer inricgenaterial than Layer IV attested
to by its darker colour. The nature of this layer, along wilyet Ill in this unit, Layer Il and
V in XU-4, and Layer Il of Trench 3(see below), is remarkatiyilar to descriptions of

anthropogenic garden sois documented on Niuatoputégifafi ifeo):

Dark loams 20-50 cm thick, containing broken igneous stones erodedrdowtie
slopes of the central volcanic ridge mixed with piecesoadlcand shell brought up
together with the underlying coraline sand. (Rogers 1974:312)

On Niuvatoputapu, these soils are an important zone forulheion of root crops (Kirch
1988:38-41), and thsoils themselves “are cultural artifacts reflecting at least 1,500 years of
occupation on a former beach” (Kirch 1988:41). The shared characteristics between dark
loams on Ofu angdusifasi’ifeo soils imply that soils on Ofu are buried garden soils (A
horizon). In general, then, Kirch’s above description of the formation of fasifasi’ifeo would

hold for the formation of the dark clay loam layers on Ofu.

The basal layer of XU-2 was Layer VI. Calcareous sanbenrater indicates that at
least some marine deposition continued in the area iotdéinlace of Layers V and VI. A
charcoal sample from the top of Layer VI signifies thi thange occurred around tHE-9
11" centuries AD. Faunal material, specifically shell aed urchin spines, hints at cultural
actvity in the area, but no artefacts were identifiechfoliunately, a culturally sterie layer
was not uncovered in this unit, and it is likely that lbu@l depostt is situated below the

termination point of the unit based on similarities witt)-4 (see below).
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Figure 5.14 Western wall of XU-2. Note the density of coral in the colluvial layers. 1 m across
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XU-3

This unit was the most seaward of the controlled unitsirdtige middle of Ofu
Vilage. Prior to the identification of prehistoric maddsj the unit was excavated with shovel
and pick axe, with 25-50 percent of sediments screémeckh '4” mesh, as determined by
screening every second or fourth bucket. After prehistatiefaats were recovered,
controlled digging with trowel was conducted and all excavatediments were screened
through “4” mesh. The unit was terminated at 198-203 cmbd, within sterile calcareous sand
(Fig. 5.15). A shovel pit was dug to 250 cmbs revealing no furtlyerslabut several large
coral boulders.

Layer | was a 0-5cm thick 10YR 7/2 (Light gray) medium to coars@eplastructureless
sand with many fine roots and few coral inclusions (tbas 5 percent of the matrix) (Fig.
5.16). Modern and historic artefacts were common, which includess gnd plastic. The

boundary with Layer Il was abrupt with a smooth topography.

Layer Il wasa 5-10 cm thick organic rich 10YR 1/1 (Black) medium to coarsieegt sandy
loam with a granular structure (Fig. 5.17). Many fine rocgsewnoted, along with some coral
and basalt gravel (less than 5 percent of the matrixycadla and a few unidentified non-
marine molluscs. Historic materials (e.g., glass) werseptethroughout layer. The boundary
with Layer 1l was clear with a smooth topography.

Layer lll was a 10-15 cm thick 10YR 4/3 (Dark brown) coarse grained samchwgtanular
structure and few coral and basalt gravel inclusioess (than 5 percent of the matrix) (Fig.
5.18). Charcoal fiecking was noted, associated with culturaletdefrom the
historic/modern period (e.g., glass and plastic). The bounddryLager IV was clear with a

smooth topography.

Layer IV was a 0-5cm thick 10YR 5/3 (Brown) medium to coarse graineulgrasand
with some coral and stone gravel (less than 5 percene ohdlrix) (Fig. 5.19). Charcoal
rubble was common, and a possible historic combustion featureeddédfy dark ash and fre
cracked rock, was noted in the south end of the unit. Histot&facts (e.g., plastic) were

again identified. The boundary with Layer V was abrupt wittomewhat wavy topography.

Layer V was a 10-15 cm thick historigi ili paving (structural paving) of small sub-rounded
coral gravels, ~80-90 percent of the matrix, with many fmets and some charcoal. The

surrounding soil was a 10 YR 3/2 (Very dark grayish brown) loamg. damited historic
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cuttural material (e.g., glass) was identified. The boundetly Layer VI was abrupt with a

smooth topography.

Layer VI was a 10-15 cm thick 10YR 8/4 (Very pale brown) structureleedium to coarse
grained sand (Fig. 5.20). These characteristics, specifitiadlyolour, are similar to those of
beach sand. Few roots or any other inclusions were identéedl and basalt gravel
constituting less than 5 percent of the matrix. Clay oijgatous origin increased with depth
based on visual interpretation and soil stickiness. The bgundtr Layer VII was abrupt

with a wavy topography.

Layer VII wasa 10-20 cm thick 10YR 2/2 (Very dark brown) sandy clay loam with a
granular structure and many sub-angular to sub-rounded graxvel and cobbles (~35-40
percent of the matrix) (Fig. 5.21). This was the first lagecountered where terrigenous
sediment constituted a sizable portion of the matrix. Corslssadense that it was originally
believed to be another paving, but it was thicker than othémgsa over 20 cm in some
areas. Reports indicate that coral was transported tarégsafter being dredged from the
modern wharf, and this layer might represent such an €v@n 5.22). Historic material was
noted (e.g., wrappers), and a crab disturbance was situateel northern wal. The transition

to Layer VIII was abrupt with a smooth topography.

Layer VIII wasa 15-30 cm thick 10YR 3/3 (Dark brown) sandy clay loam with a lgranu
structure (Fig. 5.23). A high density of sub-rounded coral cobbgg@vel was noted in the
layer (~30-35 percent of the matrix), but it did not reach ptpsr identified in Layers V or
VIl. Some charcoal and historic artefacts, including apkdine wrapper, were recovered.
Additionally, medium mammal bone was noted in the north antwads. Crab
disturbances continued through this layer and just inerL&. The boundary with Layer IX

was gradual with a wavy topography.

Layer IX wasa 5-20 cm thick heterogeneous 10YR 3/3 (Dark brown) medium to coarse
grained granular sandy loam with sub-rounded coral gfaxdd-20 percent of the matrix)
(Fig. 5. 24). The layer was very thin at times, particulamifhe west half of the unit. One
feature, Feature 1, was recorded dug into Layer X that reela®@ x 25 x 26 cm. The
function of the feature is unknown and was differerdiai®m the rest of the layer by its soil
texture and very pale brown colour. The contents of theréeatere no different than the rest
of the layer and it could represent a bioturbation. Red, agtaflterrigenous origin was

identified in pockets, especially in the northeast corngheotinit. Calcareous sand particles
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increased in density as the layer deepened, but, similde t@d clay, the sand was
commonly only encountered in pockets and probably represent biotrii@m the layers

below. Some shell was noted in the matrix, and two baakitsfl were recovered. The

boundary with Layer X was gradual with a wavy topography.
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Figure 5.18 Particle size distribution for Layer Ill of XU-3
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Figure 5.19 Patrticle size distribution for Layer IV of XU-3
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Figure 5.20 Particle size distribution for Layer VI of XU-3
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Figure 5.21 Particle size distribution for Layer VIl of XU-3. The proportion of coarse graired sediments is a
reflection of the amount of coral gravel in the matrix

Most of this coral came from Layers VIl andll

Figure 5.22 Sample of coral taken while excavating XU-3.
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Layer X wasa 30-40 cm thick 10YR 3/3 (Dark brown) granular sandy clay loam wit
numerous sub-rounded coral and sub-angular basalt imdugkig. 5.25) (~20-30 percent of
the matrix). These inclusions ranged in size fromedr&w boulders (over 20 cm in length).
Prehistoric artefacts, basalt flakes, were found and callgecte= 10). Artefacts, however,
continued to be rare. Faunal remains were also rare, ttsauglh smal shell and bone was
noted. Charcoal was common throughout the matrix. A blackessilwas noted in the
northern wall beginning at the transiton between Lai¥érand X, stretching to the midway
point of Layer X. A small portion of the layer, labeled asttea2, extended into Layer XI.
There was no clear difference between the matrix ofegeire and that of the surrounding
Layer X, and function is unknown. The boundary with LayémiAs abrupt with a wavy

topography.

Layer XI wasa 15-40 cm thick 10YR 4/4 (Dark yelowish brown) medium to coarseegtai
sand with a granular structure (Fig. 5.26). Inclusions \essecommon than in the previous
layer, sub-rounded coral and sub-angular basalt gravelitaibmg an estimated 5-10 percent
of the matrix. Shell and bone continued to be identified arectsd. Basalt flaking debris
was noted (n = 11). Light coloured calcareous sand pockets andrigeshé@is clay pockets
were present within the matrix. A slight colour changes wated at ca. 150 cmbs resulting in
a designation dfayer XIb. This colour change appears to be associated with a reduction in
the terrigenous component of the matrix. Charcoal continodek frequently encountered
and one sample from near the interface with Layer )d$ wated (Betd72699, 2o AD
1261-1387). Features 3, 4, 5, and 6 were uncovered in the layer, diffecerit@m the
surrounding matrix by colour and texture, and Feature 6 exteintte Layer Xll. However,

the contents of each did not differ significantly from #herounding matrix. The boundary

with Layer Xl was diffuse with a wavy topography.

Layer Xll wasa loose 10YR 6/5 (Light yellowish brown) medium to coarse grained
structureless sand of uncertain thickness (Fig. 5.27). Sorgeneus sediment was noted at
the top of this layer, but the matrix was constituted byacabus sands especially after the
first 10 cm. No cultural material was identified, and mosil skind bone was interpreted to be
naturally deposited given their weathered appearance. Boud&oral, some as large as 50
cm in length, were noted at the transition between ka}émand Xll, and small cobbles of
sub-rounded coral and waterworn basalt continued to be foundjlibrguthe matrix (~10-15
percent of the matrix). The unit was terminated aftehavel test pit to 250 cmbs failed to

identify any additional layers.
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Summary and Interpretations. The stratigraphic sequence of XU-3 was markedly different
than others on the coast (Tables 5.5, 5.6). A deep historic sequasdgentified, which
encompassed the first eight layers to a depth of 1 m. The tojayews, all of which display
soil lensing, were interpreted as fill brought into the @& the beach to level the living
surface. Layer Vi(’ili paving) and Layer VI (sterile sand) could represent ghatenodern
house construction, though the low density of culturalenadtis not consistent with
prolonged residential use. The formation of Layers VIl alitli¥ more difficult to interpret.
Coral gravel and pebbles were found in their highest tglentthin these two layers,
particularly in Layer VII where the matrix is predomitly coral. Historic material was
recovered from both layers and discussion with local etlagndicated the surface had been
levelled with material dredge from the wharf in the B@ years. These layers may have
formed by way of that actvity. Layer VIl features ahaig clay content, which, if at least
portions of this matrix derived from dredged materials, wouwitate mixing with

terrigenous sediments already at the site.

No historic artefacts were identified in the bottom fouelay and prehistoric
artefacts were identified in all (n = 24 basalt artefacsrrigenous sediments, in the form of
clay particles, were more common in Layer IX and X thanlayer below. In both cases,
though, the proportion of clay in the matrix, as a whole, didesgmble the colluvial layers
of XU-1 (Layer VI), XU-2 (Layer IV), or XU-4 (Layer 1V). Thenost similar soil matrix to
these colluvial layers was identified in the west wadthin Layer X. The proportion of
calcareous sediments increased with depth in Layer Xkingaa trend of increased
terrigenous sedimentation over time. Artefacts wdregnently encountered, as was
culturally deposited shell and bone, reflecting a low intgnsf prehistoric land use. The
bottom layer, Layer Xll was sterile sand. The location rgElacoral boulders at the interface
between Layers Xl and XIl implies a high energy deposti@aironment. The rate of

calcareous deposition appears to have declined through Dayéxs
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Layer X
60
® 40
<]
=]
[T
o
x 20 ‘/
0
Clay VeryFine Fine Silt Medium Coarse Very Fine Fine Medium Coarse Very
Silt Silt Silt Sand Sand Sand Sand Course
Sand

Figure 5.25 Particle size distribution for Layer X of XU-3
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Figure 5.27 Particle size distribution for Layer XIl of XU-3
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Table 5.5 Summary of XU-3 strata.

Thickness Colour Texture Structure Clastics (percent of total matrix) Cultural Material
I 0-5cm 10 YR 7/2 (Light gray) Sand Structureless <5% sub-rounded coral gravel Historic
[l 5-10 cm 10 YR 1/1 (Black) Sandy Loam Granular <5% sub-rounded coral and basalt grave Historic
11 1015 cm 10 YR 4/3 (Dark brown) Sand Granular <5% sub-rounded coral and basalt grave Historic
A\ 0-5cm 10 YR 5/3 (Brown) Sand Granular <5% sub-rounded coral and basalt grave Historic
Vv 1015 cm 10 YR 3/2 (Very dark Coral Structureless  80-90% rounded to sub-rounded coral gra\ Historic
graysih brown)
Vi 1015 cm 10 YR 8/4 (Very pale Sand Structureless <5% sub-rounded coral and basalt grave Historic
brown)
VI 10-20 cm 10 YR 2/2 (Very dark Sandy Clay Granular 3540% sub-rounded to sub-angular cora Historic
brown) Loam gravel and cobbles
Vi 1530 cm 10 YR 3/3 (Dark brown) Sandy Clay Granular 30-35% sub-rounded to sub-angular cora Historic
I Loam gravel and cobbles
IX 5-20 cm 10 YR 3/3 (Dark brown) Sand Loam Granular 15-20% sub-rounded coral gravel Uncertain
X 3040 cm 10 YR 3/3 (Dark brown) Sandy Clay Granular 20-30% rounded to sub-angular coral anc Prehistoric
Loam basalt gravel and cobbles
Xl 1540 cm 10 YR 4/4 (Dark yellowish Sand Granular 5-10% sub-rounded coral and basalt grav Prehistoric
brown)
Xl Uncertain 10 YR 6/5 (Light yellowish Sand Structureless  10-15% rounded to sub-rounded coral ani Sterile
brown) basalt gravel and large cobbles
Table 5.6 Summary of prehistoric features identified in XU-3. Features 1 and 2 are not inclad as they are historic in age
No. Function Layer Dimensions (cm) L, W, D Profile Shape Contents
Feature 1 Uncertain IX 62x25x26 Tapered Light brown sand and coral
Feature 2 Uncertain X 35x32x17 Square Coral
Feature 3 Uncertain Xl 40x35x11 Tapered Coral, matrix similar to layer above
Feature 4 Combustion? Xl 30x35x49 Tapered Ash and coral
Feature 5 Uncertain Xl 15x15x17 Tapered Coral
Feature 6 Uncertain Xl 45x51x>30 Tapered Three large water worn stones

125



XU-4

XU-4 (2x1 m) was the closest unit to the talus slope excavatdie avestern coast.
Similar to the methodology employed to excavate XU-2 and XU4Byribislayers, based on
artefact type, were dug with a pick and shovel whereassymeti layers were dug with a
trowel. Twenty-five percent of historic sediments, everyth bucket, and all prehistoric
sediments were screened through 4 mesh. Seven layers were identified, one of which had
multiple sublayers. The highest densities of artefact$ fauna of any deposit excavated were
found in Layer VI, and five intact cultural featuresrevaentified within the bottom four

layers. The unit was terminated within culturallerig sand at 330 cmbs (Fig. 5.28).

Layer | wasa 35-45 cm thick 10YR 3/3 (Dark brown) medium to coarse grained &y
with a granular structure (Fig. 5.29). Many fine and mediowtsrwere noted as well as some
sub-rounded coral and basalt inclusions (~5-10 percent ofdh&). The matrix was
heterogeneous, representing several decades of fil ta fitkteesurface. Some historic era
glass, porcelain, angmu(oven) stones were identified. Some fish bone was presért &u
low density. Small basalt boulders were situated in théewedalf of the north wall. The

boundary with Layer Il was gradual with a wavy topography.

Layer Il wasa 10-35 cm thick sandy loam with a 5YR 3/3 (Dark reddish brown)ahdea
sub-angular blocky structure (Fig. 5.30). A small proportion lofreunded coral and basalt
gravel was recorded in the matrix (~5-10 percent of thexnaParticulate charcoal was
present, though in low quantities, and the basalt bouldersfigtenn Layer | protruded into
this layer. Some fish bone was documented, but no otheradyituteposited material was

noted. The boundary with Layer Il was diffuse with a brokgrography.

Layer lll wasa 0-25 cm thick homogenous 10YR 2/2 (Very dark brown) sub-angldaky
clay loam with a high density of sub-rounded coral gravéb{20 percent of the matrix)

(Fig. 5.31). Charcoal was found in large quantities, likely one factor in the layer’s colour.

Burnt coral was identified in the north wall near a paitvhich the layer pinches out
seaward and Layers Il and IV converge. Some fishbone akhdvalseidentified, but in no
greater quantity than in previous layers and no othar&lulmaterial was noted. This layer is
similar to Layer Il of XU-2. There was a gradual boundarith wayer IV that had a broken
topography.
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Layer IV was a 50-60 cm thick sub-angular blocky clay layer witheseand inclusions and
a 5YR 3/2 (Dark reddish brown) hue (Fig. 5.32). Few fine and mediurs wese identified
along with charcoal flecking, coral, and basalt. Most of ttterlawo inclusions were of
gravel or pebble size, but cobbles were also encountered. Basedblome measurement of
two soil samples of 2600 mL and 2000 mL, coral represented roughly 16tpeirtiee

matrix while basalt represented another 11 percent. A diegiere was identified, Feature 7
measuring 100 x 60 x 15 cm, at which time a trowel began to beduttimd 100 percent of
the sediment was screened. The area around the featsrstamed from charcoal with a
scatter of fre cracked rock. A sample from this context dedsd (Beta-37270Qc AD
1498-1795). Ceramics were found in proximity to the feature at 1bd,dmat, given their
small size and eroded nature, these artefacts are itgerpiee have been in secondary
contexts. Additionally, an eroded and fragmented human tbiaidessfied, and
subsequently reburied following the completion of the und taro basalt flakes were
collected. This is all evidence of significant sedimemtingy through erosion. The nature of
this layer was similar to Layer IV of XU-2 and Layer &fl XU-1. The boundary with Layer

V was clear and had a wavy topography.

Layer V was a 30-50 cm thick 10YR 2/2 (Very dark brown) sub-angular bloekylaam
with highly weathered sub-rounded coral gravel, the impéetn acidic clay matrix (~10-15
percent of the matrix) (Fig. 5.33). Field tests indicate ttatiayer texture is similar to that of
Layer V in XU-2, but the higher density of weathered cegments resulted in a higher
proportion of large particles being reported by particle sizysas In general the layer
poorly sorted. Fragmented shell inclusions were common, abpewar the bottom of the
layer, and white calcareous sand grains were notedimtraasing density as the layer
deepened. Particulate charcoal continued to be encounterednfieq\ small number of
artefacts were colected from the bottom of the layer.oAthese were prehistoric in nature
and included a small number of eroded ceramic sherds (n < 1@y@sthell fishhooks.
Three features were identified, Features 8, 10, and 11. Feature 8Blavge, at least 100 cm
long and 80 cm wide, pit-ike feature that stretched at E28tcm into all layers below
Twenty-five stone and coral cobbles, the mean of which wiasm and the largest was 23
cm, were excavated out of the feature. Few, if any, oftihese fre altered. Small fish and

bird bone was abundant within the feature fil. FeaturesndQld were much smaller tapered

! The bottom was never uncovered as excavationeoééstern half of the unit was terminated eai@ntthe
western half so to create a step, which was necggs@®n the depth of the deposit.

128



features. No charcoal, artefacts, or faunal remains wentéified within their boundaries,
though small basalt cobbles were found at the bottom of FeHurEhe nature of the matrix
is similar to Layer V of XU-2. The boundary with Layer Viaswgradual to difuse with a
wavy topography.

Layer VI wasa 100-145 cm thick loamy sand, which was divided into three subla¥Fig.
5.34, 5.35, 5.36). All three sublayers were characterised by similasiams and cultural
material. Small sub-rounded coral and basalt cobbles werbudet within the matrix, with
gravels present in a lower density. Al clastics togettanstituted an estimated 10-15 percent
of the matrix. The first sublayer (7.5YR 3/3, Dusky red), Lay, was 20-40 cm thick and
was defined by a slightly higher terrigenous sedimenteocbrand sub-angular blocky
structure. Scattered white calcareous sand inclusiodsa anore granular structure
characterised the 0-20 cm thick Layer VIb (7.5 YR 3/4, Dusky faddlly, a granular coarse
to very coarse grained calcareous sand made up the 1 ndyek Vic (7.5 YR 4/4, Weak
red). Boundaries between sublayers were diffuse.

Cultural material was more abundant in this layer #way other in Ofu Vilage,
consisting of plainware ceramics (over 700 sherds) witheémiiecoration (e.g., notched
rims, slipping, applique), shel fishhooks, shell ornaments, vologlass flakes (n = 100),
and basalt fakes and tools (n = 22). Faunal remains wetéubleconsisting mainly of
marine invertebrates. Fish, unidentified terrestrial anma mammal, and bird bone was also
identified. Shellfish and sea urchin in the upper portiothe@fiayer (Layer Vla) were highly
degraded, very similar to the situation in Layer VI of XU-Z2, pmeservation improved as the
layer deepened. A single combustion feature measuring 85 22@m was excavated near
the bottom (Feature 9) (Fig. 5.37). This feature consisted of Gy nfices-cracked basalt and
small pieces of coral, the largest of which was 17 cm lotiy avmean of 8 cm. No cultural

material, neither artefacts nor fauna, was noted withiaround the feature.

Characteristics of the layer’s matrix, particularly colour, began to change below this
feature. As this colour shifted, larger clastics weredoand a coral boulder, at least 50 cm
long and wide was encountered in the south wal, but was faly uncovered. Two
charcoal samples were dated from Layer Vic, one from tharidpne from the near the
base. The samples were indistinguishable, with the samentioneg radiocarbon
determination (Beta-354137 and Bé&3081, 26 781-511 BC). Based on matrix similarities
between XU-2 and XU-4, the top of Layer Vla in XU-4 probably dtidke late T
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milennium AD (Beta380263; 26 AD 895-1021). The boundary between Layer Vic and
Layer VII was diffuse with a wavy topography.

Layer VII wasa mostly sterile 10 YR 7/3 (Pale brown) coarse to very coaasedr
structureless sand (Fig. 5.38). The colour of the layer waerdaear the top, likely a result
of terrigenous sediment percolaton from the above layerguockly lightened with
increased depth. Sub-rounded coral and basalt inclusionsnateds constituting ~5-10
percent of the matrix, ranging in size from gravel to besid&he coral boulder in the
southern wall, uncovered at the bottom of the overlying ,lay@ntinued to the base of
excavation. Cultural material found near the top of ther lapnsisted of small pieces of
ceramics, some volcanic glass, and a fishhook. These wesppgrbushed into the sand at
the onset of human occupation. The density of faunal alaterich was more weathered
than in the previous layer, decreased with depth and muttie ehell looked naturally
deposited based on its weathered appearance. Human metaaadoplsalanges were
discovered near the large coral boulder. Al human boneeidsrred after completion of

the unit. Excavation was terminated well within #&edalcareous sand at ~330 cmbs.

Summary and Interpretations. The sequence of XU-4 is similar to that of XU-2, with the
addition of two layers at the bottom of the unit (Fig. 5.39; Tabl 5.8). The first three
layers were deposited after European contact. Layer |dsfidamansported to the area and
Layer Il is the consequence of terrigenous sedimentioaréd®m the inland slopes. Layer llI
is a dark, presumably organic rich, clay loam layer simtakaters Il and V of XU-2.
Characteristics such as cololack of cultural features, and evidence of sediment mixireg ar
all evidence that the layer was partially formed by gainde activity (buried A horizon). No

artefacts were identified, but similarities with Layeof XU-2 imply an historic age.

The bottom four layers of XU-4 are prehistoric. Layer IVadugium similar to
Layer VI of XU-1 and Layer IV of XU-2. This layer, like thehets, is the result of erosion
most likely caused by vegetation clearance upslope based pretence of particulate
charcoal. The poorly sorted Layer V is a 30-50 cm thick darklatay with coral and basalt
inclusions overlying a productive cultural deposit (Laye). Yhe few artefacts identified in
the layer were collected from the bottom, and the onlgitu features were noted at the
interface between Layers V and VI. Faunal material, too,deaser at the bottom of the
layer. Like Layer V of XU-2, these characteristics arekewdly similar to anthropogenic

garden soils on the Niuatoputapu (Kirch 1988), implying that létyier is also a buried
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garden soil (A horizon). The presence of some artefacts in the layerbedigked to

sediment mixing with the top of the underlying Layer VI. The features at the bottom
might reflect garden activity (e.g., tool impressi@nsThe formation of this layer signifies
increasing geomorphological stabiity based on the reductimalaareous sedimentation,

before the deposition of colluvium (Layer IV).

The archaeologically most productive layer in Ofu Vilagas Layer VI. The layer is
the only one on the western coast within which was fargi@dmics (n >700) and volcanic
glass (n =100). More basalt artefacts were found in thes Hoan others (n = 22), and the
faunal material is qualitatively similar to assemblagesordeddm To’aga (Nagaoka 1993)
and Va’oto (Aakre 2014). Calcareous sediment constituted a higher proportion of the matrix
as depth decreased, which indicates an increased terrigeaoymnent to the sediment
budget over time. The contribution of terrigenous sedimeat; and sitt particles, to the
sediment budget markedly decreases with depth in Layeloi® gFigs. 5.34, 5.35, 5.36).
The large coral boulder identified at the interface batwesyer VI and Layer VII might
mark the presence of a high energy beach or, alternatitedguld mark a burial from which

the human hand bones derived.

The stratigraphic sequence and the nature of XU-2 and Xitg-desy similar. These
similarities suggest that a cultural depostt is likedgated beneath the termination point of
XU-2, and that the formation of these deposits was temporallsistam. Based on this, the
top of Layer Vla in XU-4 probably dates to a similar time astdipeof Layer VI in XU-2
(9'"-11" century AD). Additionally, the stratigraphic sequencevislence that layers of
coluvium observed in both units (Layer IV) were depositednalas times (18" to 18"

century AD). These dates are discussed in more detalaterasection of this chapter.
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Figure 5.31 Particle size distribution for Layer Ill of XU-4
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Figure 5.32 Particle size distribution for Layer IV of XU-4. The coarse grainedediments in this layer stem from the
breakdown of the coral gravel identified throughout the clay matrix
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Figure 5.33 Particle size distribution for Layer V of XU-4. This may be somewhat inaccurate gin the density of
large coral and basalt clastics. In the field, this layer was indistinguishable from Layey¥ of XU-2 (above)
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Figure 5.34 Particle size distribution for Layer Vla of XU-4

Layer Vib

60

B 40
5]
-
[T
o /
x 20 /
0
Clay  VeryFine Fine Silt Medium Coarse Very Fine Fine Sand Medium Coarse Very
Silt Silt Silt Sand Sand Sand Course
Sand

Figure 5.35 Particle size distribution for Layer Vib of XU-4
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Figure 5.36 Particle size distribution for Layer Vic of XU-4

Figure 5.37 Thin combustion feature, Feature 9 (outlined by dotted line), at the bottom of XU-4. Notice thelaur

gradation below the feature
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Figure 5.38 Patrticle size distribution for Layer VIl of XU-4
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Table 5.7 Summary of XU-4 strata

Thickness Colour Texture Structure Clastics (percent of total matrix) Cultural
Material
I 3545 cm 10 YR 3/3 (Dark Sand Granular 5-10% sub-rounded coral and stone gravel; stone lvou Historic
brown)
[l 10-35 cm 5YR 3/3 (Dark Sandy Loam  Sub-angular  5-10% sub-rounded coral and stone gravel, stone lsou Historic
reddish brown) blocky
11 0-25cm 10 YR 2/2 (Very dark Clay Loam Sub-angular  15-20% sub-rounded coral and stone gravel; stone bot Historic
brown) blocky
\Y 50-60 cm 5YR 3/2 (Dark Clay Sub-angular  20-30% sub-rounded to angular coral and stone gravel  Prehistoric
reddish brown) blocky cobbles
Vv 3050 cm 10 YR 2/2 (Very dark Clay Loam Sub-angular 10-15% sub-rounded coral and stone gravel and cobb  Prehistoric
brown) blocky
Vi 100145cm  7.5YR 3/4 (Dusky  Loamy Sand Granular 10-15% sub-rounded to angular coral and stone gravel Prehistoric
red) cobbles
VI Uncertain 10 YR 7/3 (Pale Sand Structureless 5-10% sub-rounded coral and stone gravel and colarles Sterile
brown) coral boulder

Table 5.8 Summary of prehistoric features identified in XU-4

No. Function Layer Dimensions(cm) L, W, D Profile Shape Contents
Feature 7 Combustion \Y} >100x>60x15 Basin FCR, charred tree root, eroded ceramics, human tibia (intyjcini
Feature 8 Refuse Pit? Vv >100x80x>120 Basin Basalt and coral cobbles, charcoal, lthics, pottery, fishhooks, abd
Feature 9 Combustion \ 85x>20x15 Shallow basin FCR, chaﬁrirc])a?ocr:;dised base
Feature 10 Garden Activity? V L15XD20 (in profie) Tapered Two stone cobbles
Feature 11 Pit? \% L50xD40 (in profie) Shallow Basin Coral and basatlt cobbles
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Prehistoric

Figure 5.39 Western wall of XU-4. The unitis 1 m across and 3.3 m deep
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Trench Excavations

The acquisition of a back-hoe after controlled excavatiath been conducted enabled
quick access to subsurface stratigraphic profles (Fig. 5.40eTienches were dug in three
locations in place of controlled excavation units. TrencihdlTaench 2 were dug to examine
two additional areas of the vilage near the inland slopks.location of Trench 3 was
chosen to extend the very rough coastal-inland transesttbsfirface excavation in the
middle of the village. Below is a summary of the strafityy identified in these trenches,
followed by an interpretation of that stratigraphy.

90
|

Meters

Figure 5.40 Location of trench excavations in Ofu Village

Trench 1

The frst backhoe trench, which measured approximately 2 x &asndug south of
all the controlled units, and was located atop an area hatuaaled ~4.5 masl. Five layers
were encountered reaching a depth of ca. 165 cmbs, and tire wasderminated within a
possible C-Horizon or pseudo C-horizon (a terrigenous clay fagéuring a high density of
saprolites and evidence of situ weathering and soil formation) (Fig. 5.42). Charcoal was
common in the trench profile and intact subsurface festwere recorded. The layers closest
to the surface were predominantly calcareous sand andwbialthose nearer the base

were terrigenous clays with basalt inclusions.

137



20—

60—

80—

100—

120—

140—

Layer |

Layer Il

Layer Il

l Historic?

Layer IV

LayerV / C Horizon

e e e - e e - PR

Figure 5.41 Profile of the west wall of Trench 1

Prehistoric?

138



Layer | wasa 35-40 cm thick medium to coarse grained 10 YR 6/3 (Pale brown)
structureless sand with few coral inclusions (leas th percent of the matrix). No cultural
material was identified in the matrix (Fig. 5.42). The flaye@s heterogeneous, with sand

lensing common. The transition to Layer Il had an abrupt boyndth a wavy topography.

Layer Il wasa 10-15 cm thick loose sandy loam with a 10YR 4/2 hue (Dark graymivn)
and a granular structure (Fig. 5.43). Coral gravel was natedrstituting ~15-20 percent of
the matrix. Some charcoal was also observed in profle. Agitre was identified that
measured 50 cm wide and 80 cm deep cut from within this lay@ugth to Layer V. Bone
was present near the bottom of this feature. The boundéryLayer Il was abrupt with a

wavy topography.

Layer lll was a 5-10 cm thick coral gravel and pebble layer, which eppeaepresent a
paving (/4 'ili). No other inclusions and very lttle sediment were ifledti within the matrix,
though some light coloured calcareous sand was noted. Theplafgature originating in

Layer Il continued. The boundary with Layer IV was abruit & smooth topography.

Layer IV was a 20-70 cm thick sub-angular blocky 10 YR 3/2 (Very darksgrayrown)
clay loam with shell and coral inclusions (Fig. 5.44). Thestisions are estimated to
constitute 20-25 percent of the matrix. Some medium mammal vieamédentified in two
locations in the west wall. No artefacts or other cuttunaterial were noted, but the density
of charcoal increased with depth. The pit feature thainat@d in Layer Il continued and

expanded within this layer. The boundary with Layer V waslgpl with a wavy topography.

Layer V was a 5 YR 3/3 (Dark reddish brown) angular blocky clay withiyhigleathered
sub-rounded to angular basalt inclusions (~15-20 percene ofdlrix) (Fig. 5.45). The layer
was markedly different than interpreted colluvial layersthencoastal flats or soils presently
situated on the slopes. The basalt inclusions were anediff stages of weathering, though
most pieces were easily broken by hand and can be classifiseproltes. The matrix was
very heterogeneous stemming from the differential breakdimese saproltes, resulting in
pockets of red and yellow clay indicative of oxidisation #waggestsin situ soil

development. Charcoal and coral were identified within the-fidpcm of the layer, but

evidence of cultural activity was non-existent below. freach was terminated at 165 cmbs.
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Summary and Interpretations. The stratigraphic sequence of Trench 1 was somewhat
unique (Table 5.9). The area in which it was dug is slighigper than the surrounding
coastline, gently sloping seaward. The first layer waseous sand fil originating from the
historic period, exhibiting a number of lenses indicative dfipiei fll events. The second
layer was darker sandy clay, which does not appear to be filh i/iticher organic content,
it could mark a period of vegetation growth or garden activitpngd with the first two

layers, the third layer appears to be historic in nature.

The fourth layer is a dark clay loam significantly défer than clays on the slopes
surrounding the coastline. A gradual boundary is present betwager IV and V, which
suggests some mixture of sediments. Like similar dark logensleelsewhere on the
coastline, this evidence is consistent with the depgsiesenting a garden soil gAorizon).
Both Trench 1 and Trench 2 were unique in the nature ipfliheal layers, terrigenous clay
layers with degrading parent material. The presencechfaubasal layer in concurrence with
a lack of marine derived sediments immediately on top of yleg lenplies that the area may
never have been submerged for a sufficient amount oftdinadiow for the build-up of a
calcareous sand deposit. Additionally, it is evidence thaardwe was always sufficiently
elevated to preclude the depositon of marine sediments dstamg events. An alternative
explanation is that this is a pseudo C-horizon deposited ao#st during a landslide.

Further testing should evaluate these alternatives.
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Figure 5.42 Particle size distribution for Layer | of Trench 1
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Table 5.9 Summary of Trench 1 stratigraphy

Thickness Colour Texture Structure Clastics (percent of total matrix) Cultural
Material
I 3540 cm 10 YR 6/3 (Pale brown) Sand Structureless <5% rounded to sub-rounded coral pebbles a Historic
gravel
Il 1015 cm 10 YR 4/2 (Dark grayish Sandy Granular 15-20% sub-rounded coral gravel Historic
brown) loam
[l 5-10 cm Coral gravel Coral Structureless 90-99% rounded to sub-rounded coral grave Historic
IV 2070cm 10 YR 3/2 (Very dark grayish Clay loam Sub-angular 20-25% sub-rounded coral and stone grave Uncertain
brown) blocky
V  Uncertain 5 YR 3/3 (Dark reddish brown  Clay Angular blocky  1520% sub-rounded to angular stone gravel ¢ Uncertain

cobbles
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Trench 2

Trench 2 was located to the north of the controlled unisé@nand measured approximately
2 x 1.5 m. Similar to Trench 1, the area in which the trenchdug was naturally raised,
though not as high as Trench 1. A possible C-Horizon or pseudo Z0rhéwrmed the basal
layer at 143 cmbs (Fig. 5.46, 5.47). No cultural materials were iddntifithin the depostt,
though intact features and charcoal flecking were noted.

T2
6/17/13
AS-13-41
0 —
Surface

Sand Lens

Layer |

20—

40—
Yellow Sand

60—

Layer Il

= —

80— e ~N 7

Layer Ill
\ Radiocarbon Samplesy

100—
AN W,
-~
re

\

~
~

120—

140— X—\/_/—J/JJ
Unexcavated

150

Figure 5.46 Profile of the east (inland) wall of Trench 2

Layer | was a 50-70 cm thick heterogeneous (in terms of colour aodiaws) sandy loam
with a high density of coral inclusions (~20-25 percentefrhatrix). Numerous soil lenses
were identified that reflect several fill events bg fhresent landowner. No cultural material
was identified and charcoal density was low. The boundaty haier Il was abrupt and the

topography was wavy.

Layer Il was a 10-60 cm thick granular 10 YR 3/1 (Very dark gray) clay lad@imsub-
rounded coral gravel inclusions (15-20 percent of the maffid dark colour differentiated

the terrigenous matrix of this layer from that of theaunding slopes, suggesting an
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increased organic content. No shell or cultural matevas identified, but some charcoal was
collected near the transttion with Layer Ill. One @&fsh charcoal samples was dated (Beta-
372698, 26 AD 1695-1919). A rounded pit feature was identified exhibiting a matrix
consistent with that of the surrounding layer (diffeilsiin as a feature based on extension
into the layer below). Outside of this feature, the bounddlty Layer Il was gradual with an
irregular topography.

Layer lll was a 5 YR 3/3 (Dark reddish brown) angular blocky clay with-reunded to
angular basalt and coral gravel and cobbles (~10-15 percémwt witrix). The nature of the
layer was similar to Layer V of Trench 1, but this lagehibited basalt inclusions that were
more heavily weathered. Coral was identified near the ttigedfyer, suggesting at least
some mixture with above layers. No cultural materiat wantified in the wall profle. The

unit was terminated at 145 cmbs.

Figure 5.47 Stratigraphy of Trench 2
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Summary and Interpretations. Trench 2 displays a simple stratigraphic sequence (Table
5.10). Layer | was historic calcareous sand brought in by #weptr land owner to level the
surface. Layer Il was similar to Layer IV of Trench 1 hattit was a dark organic rich matrix
that featured some mixture with Layer Ill. This evidenoay imply that the layer is a buried
garden soil (A horizon). Layer il is constituted by a matrix of terrigasoclay and
degrading basalt. However, this layer exhibited fewer bmsalsions relative to Layer V of
Trench 1, and the basalt in this layer was more heawdgthered. The layer might represent

either an intact C-horizon or one deposited during a landsfmisode.

Trench 3

The final back-hoe trench measured 2 x 1.5 m and was dugrde@vest) of all units
in the centre of the vilage. Eight layers were docuatentaching a depth of 152 cmbs (Fig.
5.48). High densities of charcoal were found throughout, andaat mombustion feature
was discovered near the termination point of the trenchotNer cultural materials were
noted, but the trench was terminated prior to reaching ile staicareous sand layer due to

the presence of coral boulders interpreted by field workegsaas markers.

Layer | was a loose, 30-40 cm thick coarse grained structurelesswiiaral 10YR 5/3
(Brown) hue (Fig. 5.49). The layer exhibited significant &wiking, and some sub-rounded
coral gravel was identified that constituted less thanr&epe of the matrix. In profie,

charcoal was rare. The boundary with Layer Il was gradithl a smooth topography.

Layer Il wasa 15-30 cm thick 10 YR 3/1 (Very dark gray) sandy clay loam witraauigr
structure and some sub-rounded coral pebble and graveloinslug~10-15 percent of the
matrix) (Fig. 5.50). Charcoal and shell were more common sniaier than in the previous
one, and organic content increased. No artefacts were nbdrahsition to Layer Il had a

gradual boundary and a wavy topography.

Layer Il was a 30-40 cm thick 10 YR 3/4 (Dark yellowish brown) clay witiloaky
structure (Fig. 5.51). The colour of the layer was simiathat of Layer IV of XU-2 and XU-
4 and Layer VI of XU-1, exhibiting concentrated areas of chafieaking. Shell and coral
inclusions were noted, though in lower denstties thdmayer Il (~5-10 percent of the
matrix). Again, no cultural material was identified. The rwtary with Layer IV was clear

with a wavy topography.
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Table 5.10 Summary of Trench 2 soil stratigraphy

Thickness Colour Texture Structure Clastics (percent of total matrix) Cultural
Material

1] 1060 cm Granular Uncertain

10 YR 3/1 (Very dark Clay loam
gray)

15-20% sub-rounded coral gravel
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Figure 5.48 Profile of the south wall of Trench 3

Layer IV wasa thin (5-10 cm thick) medium to coarse grained structuredassl with sub-
rounded coral gravel inclusions and a 10YR 4/3 (Brown) hue $). The layer pinched
out toward the inland side of the trench and was bounded ortheotbp and bottom by
terrigenous clay. No cultural material was noted, with é®ral, charcoal, and shell
inclusions (less than 5 percent of the matrix). Sinidathe top boundary with Layer I, the

boundary with Layer V was abrupt with a wavy topography.

Layer V had the same characteristics as Layer lll, though hira®t (5-15 cm thick). Like
Layer Ill, some shell and coral, constituting less than Sepemf the matrix, was noted along
with areas of concentrated charcoal flecking. The bounddiny hayer VI had a smooth

topography and a clear transttion.

Layer VI wasa 30-40 cm thick 10 YR 4/2 (Dark grayish brown) medium to coarseedra
loamy sand with a granular structure and sub-rounded ganal and shell inclusions (less
than 5 percent of the total matrix) (Fig. 5.53). A combustiorureaivas identified 10 cm

above the lower boundary of the layer that measured 105 cnait@hdO cm deep in profie.
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The feature was a shallow basin with ashy inclusiors same fre altered basalt. One
charcoal sample was collected from just below the featutedated (Bet&66731, 26 AD
1299-1413). This feature was similar to others documented in XU Xdn4. Thin (>5 cm)
terrigenous clay lenses, exhibiting similar charasties as Layers V and Il but with fewer
inclusions, were uncovered beneath the combustion fea#ureral boulder was situated at
the interface between Layer VI and VII, encounteredhenfibor to the west of the

combustion feature. The boundary with Layer VIl was gradith a wavy topography.

Layer VIl was a medium to coarse grained structureless sand WEhYR 5/3 (Brown) hue
(Fig. 5.54). Small pieces of charcoal were noted in the nadriwell as some sub-rounded
coral gravel (less than 5 percent of the matrix). Onlgnal ssection of the layer was
uncovered beneath the combustion feature identified withyer VI, as coral boulders were
found situated in the western half of the trench. These thought to mark a grave by field

workers and excavation was terminated at 150 cmbs.

Summary and Interpretations. The stratigraphic sequence of Trench 3 was more singlar t
XU-1 than any other sequence (Table 5.11, 5.12). Layer | appears tousedilo level the
surface for modern house construction. Layer Il is simidatayer Il of XU-2 andXU-4,

Layer IV of Trench 1, and Layer Il of Trench 2, in termstofdark colour and loamy texture.
Because of these similarities, the layer may be a busedkeyg soil (4 horizon). Layers il

and Layer V were the only terrigenous clay deposithansequence, separated by a layer of
medium to coarse grained sand that is similar in colodrtexture to beach or dune sand. |
interpret the clay layers as colluvium forming tonguesnithip out seawards (cf. Kirch
1993c; Kirch and Hunt 1993a). Layer 1V, between these clayslaje interpreted to
represent a storm surge, though no large coral clastios ieentified in profle. An intact
cultural feature was situating in the loamy sand Laflewhich possessed a matrix similar to
Layer VII in XU-1. The bottom layer was not fully exposedd &me exact nature of the layer
is unclear. Similarities of the particle size distribosiobetween Layer VII and the basal sand
layer of XU-3 hints that Layer VII might represent, or kxse to, a similar culturally sterile
layer. This is also suggested by the presence of coral muldstead of marking a grave,
these may be remnants of a high energy depositional engirdnrltogether, a sequence of
increased terrigenous deposition over time is indicatedghtheoalcareous sand sediments

continued to be deposited through the sequence, possibly by staity ac
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Table 5.11 Summary of the Trench 3 soil stratigraphy

Thickness Colour Texture Structure Clastics (percent of total matrix) Cultural
Material
| 30-40 cm 10 YR 5/3 (Brown) Sand  Structureless <5% sub-rounded coral gravel Historic
Il 1530cm 10 YR 3/1 (Very dark gray)  Clay loam  Granular 10-15% sub-rounded coral pebbles and gra Historic
11l 30-40 cm 10 YR 3/4 (Dark yellowish Clay Blocky 5-10% sub-rounded coral gravel Uncertain
brown)
\Y 5-10 cm 10 YR 4/3 (Brown) Sand  Structureless <5% sub-rounded coral gravel Uncertain
V 5-15 cm 10 YR 3/4 (Dark yellowish Clay Blocky <5% sub-rounded coral gravel Uncertain
brown)
VI 3040 cm 10 YR 4/2 (Dark grayish brown) Loamy Granular <5% sub-rounded coral pebbles and grave  Prehistoric
sand
Vi Uncertain 10 YR 5/3 (Brown) Sand  Structureless <5% sub-rounded coral gravel Prehistoric
Table 5.12 Summary of the prehistoric feature identified in Trench 3
No. Function Layer Dimensions (cm) L, W, Depth Profile Shape Contents
NA Combustion VI >105x10 (in profie) Shallow basin FCR, charcoal, ashy base
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Chronology

Samples for dating were collected from all controlled umitd backhoe trenches.
Those sent to Beta Analytic Inc. to be dated were identifiedebgifer Huebert to ensure the
dating of short-ived samples. However, short-lived speciell cot be found in the
charcoal recovered from some deposits. Charcoal of economis plastused in these
circumstances with the recognition that some inbglk eould influence the determinations.
Because this project sought to examine the chronology of gebofmgical change on the
coast as wel, an extensive sampling approach was selelogzd wight charcoal samples
were dated from six separate units. Al conventional radimn determinations were
calbrated via OxCal v.4.2 (Bronk Ramsey 2013) utiising th€dh®2013 calibration curve
(Reimer et al. 2013). The following is a description and discussidhe radiocarbon
determinations from the coast (summarised in Fig. 5.55, 5.56s BabB).

1o Cail vl 2.3 Bronk Fameey (201355 iniCall 3 simasahenc cuive {Reimsr &t al 200 3}

Beta-372698 4
Beta-372700 N
Beta-332861 o —
Beta-366731 AL
Beta-372699 —iur
Beta-380263 —gg-—
Beta-354137 E-
Beta-383081 E«—

PR SR SR N 00 NN ROV RO X A0 U A O N DO 000 B0 B0 Lo i L i Ll (A RN R 0 R T O (N RR RO T A ]

3500 3000 2500 2000 1500 1000 500

Calibrated date (calBP)

Figure 5.55 Calibration of dates from Ofu Village
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Table 5.13 Summary information for radiocarbon dates in Ofu Village (Beta Analytic Inc.)

Sample Unit Layer Level Depth Material 613C Conventional Date Calendar Dates
Be’\tl:-r;gggm XU-1 Wl 22 206BD  Smal Diameter wood -28.3 48030 AD 1408-1452
Beta-380263  XU-2 Vi * 190 BD Cocos nuciferavood -25.8 1070+30 AD 895-1021
Beta-372699 XU-3 Xl 5 174BD Rubiaceae, cfTarenna -23.5 700+30 AD 1261-1387
Beta-354137 XU-4 VI 12 301 BD Cocos nucifer@&ndocarp  -23.0 2490430 BC 781511
Beta-383081 XU-4 \ 6 226 BD Cocos nucifer&ndocarp  -23.4 2490+30 BC 781511
Beta-372700 XU-4 v * 120 BD  Unidentified small tree -26.1 280+30 AD 1498-1795
Beta-372698 Trench 2 |l * 93BS Cocos nrl?é)hserazvood -25.5 30+30 AD 1695-1919
Beta-366731 Trench 3 VI * 133 BS Artocarpus altiiswood -24.8 590+30 AD 12991413
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Figure 5.56 Distribution of dated deposits in Ofu Village

Beta-332861(XU-1, small diameter wood)80+30 (26 AD 1408-1452)

This sample was a single piece of small diameter urfigehtivood collected from
the transiton between Layer VI and VII in XU-1. Theacdoal was located within the layer
matrix, but given its proximity to an intact combustioratéee it may stem from rake out of
that feature (Feature 8). The sample is influenced hkynalininbuilt age since small diameter
woods (twig or a small tree) are short-lived. The samplaegpirted to date prior to the

onset of colluvial depostition in the area (Layer VI XU-1).
Beta-380263XU-2, Cocus nuciferavood) 1070+30 (20 AD 895-1021)

This sample was a single piece of coconut wood taken fromvahevithin Layer VI
of XU-2, very close to the transition with Layer V. Cocotmaes can live up to a century
(Alen and Huebert 2014), and an inbuilt age effect cannotldx aut. This sample is
interpreted to date an event at the top of Layer VI, imntelgigprior to the deposttion of
Layer V (garden soil). Given the stratigraphic similasit between of XU-2 and XU-4, this
determination is also interpreted to date the top of LayarivVXU-4.
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Beta-372699XU-3, Rubiaceae, cifarenng 700+30 (20 AD 1261-1387)

This sample was a single piece of wood from a species &uthiaceae family,
perhaps in th&arennagenus, colected from Layer XI of XU-3. Trees in the Rulaiace
family are small to medium sized and do not Ive more than alésades (J. Huebert per.
comm. 2014), restricting inbuilt age. This sample is interprétedate the deposition of
Layer XI; the first cultural use of this area or atgtivshortly thereatfter.

Beta-354131XU-4, Cocos nuciferaendocarp) 2490+30 (26 781-511 BC)

This sample was a single piece of coconut endocarp coléctedwithin the matrix
of Layer IVc near the base of XU-4. Coconut endocarp is a skt material and inbuilt
age is minimal. The sample is interpreted to date the dieposf Layer IVc, the layer atop a
culturally sterile deposit. Therefore, this sample datedatas slightly later than, intial

settlement of the area.
Beta-383081(XU-4, Cocos nuciferandocarp) 2490+30 (26 781-511 BC)

This sample was a single piece of coconut endocarp fromtheeéwp of Layer Vic,
226 cmbd of XU-4. Coconut endocarp is a short-ived material, and irdmgel is minimal.
The determination is indistinguishable from the other sarfipim this layer, hinting that the
lower determination dates somewhat earler. These twondedtions suggest that either the
deposition of Layer Vic was rapid, instantaneous in radiocarbwons, or that there was
sediment movement in the layer. This determinationtesgreted to date the top of Layer
Vic.

Beta-37270QXU-4, small or mediumtree root of an unidentified species) 280+30 (26 AD
1498-1795)

This sample was a single piece of charred tree roottedlldfoom within Layer IV of
XU-4 at 120 cmbd. The tree root was from an unidentified speciethebsize of the root,
small to medium, suggests that inbuilt age would be modedué¢hert per. comm.). This

determination is the only one taken from within, and naiviae& layer of colluvium.
Beta-372699Trench 2Cocos nuciferavood) 30+30 (26 AD 1695-1919)

This sample was a single piece of coconut wood from the bottdwayef Il of
Trench 2 at 93 cmbs. Coconut trees can live for up to a celeyp and Huebert 2014),
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and inbuilt age cannot be ruled out. The nature of the ataibr curve at this period creates
muliple intercepts within both the historic and prehistqreriod. No restrictions can be
made on the date range as this area is known to have tilised through the prehistoric and
modern period. No material culture was identified in the degiwdi could restrict the range

either. This determination dates the deposition of Layef Trench 2 (possible garden soill).
Beta-366731(Trench 3Artocarpusaltilis wood) 590+30 (26 AD 1299-1413)

This was a determination on a single piec@&bcarpuswood collected from just
above the interface between Layers VI and VII in TreBcArtocarpuscan live several
decades (Alen and Huebert 2014), so inbuilt age cannot be rule@hisutietermination is
interpreted to date prior to the beginning of substantial teoige deposition, which resulted
in the formation of Layers Il and V. The sample may alate the inttial use of the area atop
sterie sand based on similarities between the partide dstribution of XU-3 and Layer VI

of this trench.

Summary

Charcoal from Layer VI of XU-2 and XU-4 are the only samylest dated prior to
the last 800 years (n = 3) (Figs. 5.57, 5.58). Layer VI in XU-4 waartdi@eologically most
productive deposit found on the west coast, yielding large Ifaamé artefact assemblages,
specifically pottery and shelfish. The base of Layer NIXU-4 dates to the beginning of
the Samoan cultural sequence (26 BC 781-511), whie the top dates to the end of tfie 1
milennium AD if Layer VI of XU-2 is similar to Layer Viaf XU-4 (26 AD 895-1021). It is
after this point that dark clay loam layers formed in X@r@ XU-4. All other samples dated
to the last 800 years (n = 5). Initial human use in all w#award of XU-2 dated to the'13
century AD or later (26 AD 1261-1387, AD 1299-1413, AD 1408-1452), and coluvial layers
were then deposited as early as th® d&itury AD (26 AD 1498-1795). Only a single
radiocarbon determination was taken from one of these lafersluvium, but
determinations from immediately below these layers Ur1X XU-3, and Trench 3 are
consistent with terrigenous deposition in thé"t&ntury AD or later. This implies that the
deposition of colluvium was spatially extensive. Dark loam swésfound above these layers
of colluvium in mukiple units, and one of these was datetadl8" century AD or later 2o
AD 1695-1919).

156



Elevation above low tide
w

3malt——

2Zmalt

Tmalt—

Low tide——

West

50

100

Historic
Fill
,
Layer | e
Layer VIl ,
,
.
Layer Il S
- Layer IX ‘f
Layer Ill Layer X
AD 1261 -
Laver vt AD 1300 - Layer XI & 1387
4 & 1410
Trench 3 Xu-3

Layer |

Layer Il

Layer IV

LayerV

Xu-2

East

200 Inland
Layer |
Layer Il
Layer IV & AD 1498 -
1795
LayerV
Layer VI A
& BC 781 -
511
Layer VI C
& BC 781 -
511
xXU-4

Layer |

Layer Il

Layer IV

LayerV

Layer VI

Layer VII

XU-1

AD 1410 4
1450

Figure 5.57 Proposed stratigraphic relationships between subsurface it in the centre of Ofu Village. Less certain relationships are made with dasheithes. XU-2 was terminated
prior to the exposure of a sterile sand layer and Layer VI likely extends deeper thamewn in this drawing

157



10m

Trench 1 [ Layer VI: AD 1299-1413

XU-3 [ Layer XI: AD1261-1387

Paleoshaoreline

xu-2 [ ] [Trench 2
Top of Layer Via: AD 895-1021

[ Trench 1

=

| | xu-a

Layer Vlc: 781-211 BC

-

Figure 5.58 Schematic representation of the middle of Ofu Village and dated depositsvén these dates, this figure
also includes an approximation of a paleoshoreline

158



Discussion: Landscape Evolution and Settlement in Ofu Village

This chapter has presented the results of excavatiotuated on the western coastal
flat of Ofu. Four controlled units and three backhoe trenete® dug as part of this study.
Multiple stratigraphic layers were identified in eagiit or trench that, together, spanned the
entire cultural sequence of the island. Interpretatiohlcal geomorphological changes were
presented for each unit in the previous sections. Irs#dution, these interpretations wil be

synthesised with the above chronology to create a sequeneemdmphological change.

Based on the distribution of early deposits (see Fig. 5.58)acsgall coastal fiat had
formed abutting the interior slopes at the time of humatiersent. Land suitable for intial
settlement included the area around XU-2, inferred fromigstiphic similarities between
XU-2 and XU-4. That the basal culural layer of XU-3 is datetietol3" century AD
indicates that the shoreline was somewhere between kit 3XU-2 at initial colonisation.
The fact that two samples dated from Layer Vic are ingjsishable suggests that the
formation of Layer Vic was probably rapid (Beta-3541383081;2c 781-511 BC). The
deposition of calcareous sand implies that the reef adjaézént coastline was actively
eroding during this time. Based on the continued depositiomladreous sand in Layer VI of
XU-4 and XU-2, aggradation of the coastal flats and the formatioa beach ridge continued
unti the end of the Similennium AD (Layer VI of XU-2; 26 AD 895-1021). The rate of
calcareous sand deposition is unlikely to have been conatahinight have been declining
by Layer Vla in XU-4 and Layer VI in XU-2, which may bedamce of beach ridge

stabilisation.

The terrigenous component of the matrix of XU-4 increasmu Layer Vic to Via,
accompanied by an increase in charcoal. | assert thas #msdence of erosion that occurred
after the interior slopes inland of these units weraretk of vegetation. This clearance
appears to have been done to create garden space giverk thedsidence of permanent
residential occupation in the interior unit tH& @illennium AD (next chapter) and the
extreme rarity of natural fres. The rate of depositionnknown, but it was not rapid given
the length of time apparently represented by Layers \b\Véda. The deposition of
calcareous sediments in XU-4 and XU-2 decreased at théidrarisetween Layers V and
VI, with a large portion of the matrix of Layer V (XU-2 andJ>4) constituted by terrigenous
clay. This decrease in the deposttion of marine derived sedinis most plausibly explained

by the progradation of the shoreline, the source of mardinesats. The exact timing of
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landscape evolution is somewhat imprecise because the tdepos$icalcareous sediments
likely declined in Layer Vla and VIb of XU-4 as wel, whichight represent the formation
of a stable beach ridge. It can be posited, though, that tis¢idrarbetween Layer V and
Layer VI of XU-2, which dates to the end of the 1st milennium Beta-38026320c AD
895-1021), represensminimumdate for marine regression and coastal progradation.

The marked similarities between the dark organicallyclesnl clay loam Layer V
(XU-2 and XU-4) and anthropogenic soils identified elsewharéha region (Kirch 1988;
Kirch and Yen 1982) supports the idea that garden activityrect in the area at the end of
the £ milennium AD or later (after Beta80263; 26 AD 895-1021). The mixing of past
occupation refuse from Layer VI with terrigenous sedimareated a productive
environment that could drain easiy because of the presérmérounded coral gravel.
Whether these additives were the result of intentidnahan action or not is unknown. The
formation of these layers is also modest evidence oiveslgeomorphological stabiity in

back beach areas, in the sense that garden activity amitonggtter buid-up was occurring.

The timing of initial land use seaward of XU-2, which doatsatcur until at least the
13" century AD (Beta372699, 26 AD 1261-1387), further supports a process of shoreline
progradation. Dated deposits seaward of XU-2 is evidence thas shprocess of
progradation and aggradation of the coastal flats that wedtinto the beginning of thé'®
milennium AD (Beta332861, 26 AD 1405-1452; Beta366731, 26 AD 1299-1413) (see Fig.
5.58). The chronological consistency in which the land seawaxtV<f in Ofu Vilage was
settled is evidence of a progradation process that madeblvadavide stretch of land over a
relatively short temporal span (~200 years). Substantial depositcorded within the last
500-600 years demonstrates continued coastal instability.pEuttulturally sterile
calcareous sand layers have been noted (Layer IV offligntayer 11l and V of XU-1), and
may be evidence of high energy storm deposition. Signifitemgenous deposition occurred
beginning in the 18 century AD or later, which created tongues of colluviurinnihg
seaward (Layers lll and V in Trench 3, Layer VI in XU-Byer IV in XU-2 and XU-4, and
Layer X in XU-3). These deposits display high densities dicplate charcoal, a
characteristic of deposits eroded from the interior slopesrasult of vegetation clearance.
Only one of these layers was dated (B¥ta700, 26 AD 1498-1795), but two other
coluvium layers lie atop deposits that date to the eary cEhitury AD or before (Beta-
332861, 26 AD 1405-1452; Beta366731, 26 AD 1299-1413). This pattern indicates the

relative consistency of the timing of prehistoric temigus deposition across much of the
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western coastine. After the deposition of colluvium, dark caynl layers formed in the late
17" century or later (Layer Ill of XU-2 and XU-4; Layer bf Trench 1; Layer Il of Trench
2, and Layer Il of Trench 3) (Be®&i#2698, 26 AD 1695-1919). Like Layer V of XU-2 and
XU-4, the dark colour, thickness, evidence of admixture with losyerd, and lack of
cultural material suggests that these layers repirggeden soils.

Ofu Village, To’aga, and the Morphodynamic Model

A similar sequence of stratigraphic change to that dodacheabove for Ofu Vilage
has been recorded in all archaeological deposits across #htaldiags (Clark 2011; Kirch
and Hunt 1993b). This sequence is characterised by a trenddrahtosclay loams; or, from
admixture of basaltic and calcareous sand to higher pegeents clay and sit particles of
terrigenous origin. These transitions are part of a morphodynamic model developed at To’aga

(Kirch 1993d). This morphodynamic model can now be evaluated andleghodi

Coastal evolution on Ofu can be partially linked to regicshewsea level fluctuations
during the Holocene (Dickinson 2001, 2003, 2009). The coastal flats afddfd not have
formed before 5,000 years ago, amgi sea levels abutted the island’s volcanic mass (Kirch
1993d:38; Stice and McCoy 1969). The stabilisation and subsequent drawéleea level at
the peak of the mid-Holocene highstand allowed for the fasmadif narrow coastal flats,
and all early cultural deposits have been identified darally sterile sands that represent
these coastal flats (Clark 2011, 2013; Kirch and Hunt 1993a; OfgeVildU-4). Calcareous
sand sediments continued to be deposited on these narrow faiastd sea level fell and
wave action eroded paleoreef formed during highstand condii$irsh 1993d:38-39; this
project, XU-4). Kirch (1993d) also argues that Ofu was subsidifggzhwslowed or
completely restricted the seaward expansion of the shordiming some periods. Evidence
of subsidence is provided by the location of ceramic-bearing teges., Layer Vic XU-4),
which are only slightly above the present sea level Kgpes.57). Given that sea level was 1-
2 m higher when these areas were used, the deposits weeldbéan under water if the
present configuration was extended back. No evidence of stie haae has been noted and
intact cultural features have been recorded in the togwdisral deposits. Therefore, the most

plausible explanation is that the island is subsiding.

The distribution of ceramic bearing deposits in both Ofu Village and at To’aga
suggests that progradation occurred in tHenllennium AD. This is in line with the posited

sea level crossover, at which time ambient high tideb@&bw the low tide point of high
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stand conditions (Dickinson 2003:492). Reaching a crossover poine@lgedimentation on
former shallow marine environment to occur more readily asfopaleoreef flats became
supratidal (Dickinson 2004). The crossover point is posited todemarred in the Fiji-
Tonga-Samoa area around tfi2o@ntury AD (Dickinson 2003:494, 2009), through, given
localised island subsidence, this crossover point may haveldteeon Ofu. On Ofu, the
progradation of the shoreline seaward of old beach ridges yad bg at least the end of the
1% milennium AD on the west coast (end of Layer VI and thginbeéng of stable Layer V of
XU-2) andat To’aga (e.g., Units 3 and Unit 17; Kirch 1993¢:88), marked by land use
seaward of ceramic bearing deposits. On the western cadstasd use began in the'13
century and later (Betd32861, 26 AD 1405-1452; Beta366731, 26 AD 1299-1413 Beta-
372699, 26 AD 1261-1387) (Figs. 5.57, 5.58). In comparison, populations began utiising
landforms seaward of ceramic deposits at the middle or end Gf tmilennium AD along

the south coast (Kirch and Hunt 1993a:55-56, 60-62, 68, 88; Beta-26463 (sialhdéound
below cultural layer), 16 AD 561-663; Beta-26465 (marine shell found below cultural layer),
16 AD 828-1000. Even at To’aga, some areas probably did not form unti the"@millennium
AD (Kirch and Hunt 1993b:234). Nevertheless, the most plausigdanation for the
documented distribution of dates from basal archaeological deffegits.57, 5.58, 5.59) is
a process of progradation that created additional land that badubavailable when the
island was first colonised. Given above evidence, the pricessst pronounced in thé'l
milennium AD. Variability suggests two possibilities: the@ess of landscape evolution 1)

was not rapid, or 2) was rapid but occurred at slightly diffetemés along the coastlines.

Landscape evolution might also have impacted marineoenvents. That a reef was
present at island colonisation is indicated by the faasaémblages (Aakre 2014; Nagaoka
1993).The modern reef flats are sttuated on a shallow landf&irtimgs the island between
250 and 700 m wide on the south and west coast, and the rangeslef/#tien of this marine
environment is less than 1 m across the extent of thedate. Given this elevation range,
it can be expected that the timing of initial reef growtls consistent along the landform.

This evidence suggests that the seaward extent od¢fieat the time of human colonisation
was similar to the modern situation. Coastal progradatigmt nfiave reduced the total area of
shallow marine environment by as much as 25-50 percent thicalghreous sediment

infilling. Large coral boulders at the interface betwetenies sand and cultural layers in XU-

3 and Trench 3 might be evidence of high energy depositonabrameénts.
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Figure 5.59 Diagram highlighting the extent of early prehistoric cultural deposits on the To'agaain. Areas not
shaded likely represent post-2000 BP progradation (From Kirch and Hunt 1993b:233)
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Synthesisof Coastal Settlement on Ofu

Based on present evidence, colonisation of the Samoarpdled® occurred near
Mulifanua on the western end of ‘Upolu in the oth_1gh century BC (Petchey 2001:67). No
other comparable site, in terms of material culture, haa decumented. Roughly
contemporaneous settlement, in tfcBntury BC, has been posited on Tutuila, in ‘Aoa Bay
(Clark and Michlovic 1996), and on Ofu, along the southern coastline in To’aga (Kirch
1993c). Radiocarbon dates from both these sites have beeredritmisthe basis of material
culture disconformity (lack of dentate stamped pottery) anchjigdteoroblems with inbuilt
age, and removed from consideration (e.g., Addison and Asaua 200&Addd Morrison
2010; Cochrane et al. 2013; Rieth 2007; Rieth and Hunt 2008; Rieth2608). Instead of
the contemporaneous human colonisation of all islandseiartthipelago, these researchers
proposed the possibility of discontinuous settlement. In this Imfidé settlement is
represented by Mulifanua followed by subsequent settlement of Tutuila, and Manu’a by a
diferent group(s) in the'3century BC (Addison and Morrison 2010:369; Rieth et al.
2008:226).

Recent evidence calls these latter interpretatiotas gonestion, at least on Ofu. Dates
from Va’oto, Coconut Grove, and Ofu Village demonstrate colonisation of Ofu by the 8
century BC and more likely earlier (Va’oto (Clark 2011, 2013) Beta-249327, 20 798-521 BC,
Beta297824, 2520430, 26 795-542 BC; Ofu Vilage Beta-354137383081,2c 781-511 BC;
Coconut Grove (Clark 2013) Bef#7473, 20 768-431 BC). Unidentified charcoal was the
most commonly dated material from Va’oto, but short-lived material has been dated to this
same period from Ofu Vilage (XU-4, Beta-35413383081, 26 781-511 BC) and Coconut
Grove (Clark 2013, unpublished data,, Beta-307263,68-431 BC). Like To’aga (Hunt and
Erklens 1993), no Lapita ceramics were identified in any oabeve listed locations.
Therefore, sites for which dates have been discounted baseateral culture
incongruences, specifically To’aga and A’oa, need to be re-evaluated with the understanding
that the lack of dentate stamped pottery does not itseliaiedithat any deposit dates afté? 6

century BC in Samoa.

Land use in each area persisted through to the end b tmlennium BC, at which
time te sequences at Va’oto and Coconut Grove end or are ephemeral. This does not imply
that these areas were abandoned, but, rather, buldozety dutigi disturbed the rest of the

deposit at Va’oto and garden activity has disturbed the deposit at Coconut Grove. Cultural
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activity continuedat To’aga (Beta-26465, 16 AD 828-1000; Beta35600, 16 AD 694-943)
and Ofu Vilage (suggested by the date of the top of Layam XU-2, Beta380263, 26 AD
895-1021). Some stylistic changes in fishhooks (Kirch 1993a), thepdiseance of bird
species (Steadman 1993), and a cessation of ceramic technolagyagduErklens 1993)

occurred between colonisation and the end of theillennium AD.

Structural features in subsurface deposits have beet tdatee £ milennium AD,
including a coral pavement (Kirch and Hunt 1993a:67, B&t#0, 1190+70, 16 AD 694-
943). Surface features might date to this period as well, fisplgi a surface house mound
(Kirch and Hunt 1993a:56, 88 Be2#465, 16 AD 828-1000), but an argument can be made
that the radiocarbon date thought to be associated with teefebes not date the event of
house construction. Historic material was found within peing associated with the
structure (Kirch and Hunt 1993a:55), the sample Wardoshell with a utlised marine
correction value different than those now used in thepaalgo (e.g., Petchey and Addison
2008; Phelan 1999), the location of the shell within the depasittiprecise (Kirch
1993c:88), and the date stems from the layer below the oneengjmgsthe structure. Given
this evidence, it may be that the house was buit iredwy historic or late prehistoric period
(17-18h century AD), a time that To’aga was the primary occupation on the island according

to oral tradition.

There remains a paucity of evidence for residential or demestivities on the coast
in the last 1,000 years. Cultural deposits that have been fgemerally lack artefacts and
fauna relative to earlier occupations. For instance, adab®i8 kg of shell was recovered
from XU-1 in Ofu Vilage (post-AD 1400), which is far less, in bothralance and density,
to that found in one layer of one unit\&t’oto (14.2 kg Layer IV of 37E/9N; 2200-2400 BP;
unpublished data 2014). The majority of artefact®waed at To’aga came from ceramic-
bearing deposits (Kirch 1993a; Kirch and Hunt 1993a), and thexrelesar difference in Ofu
Vilage between the lone known ceramic-bearlager (Layer VI XU-4, Ceramics > 700,
Basalt = 22Volcanic Glass = 100, Shell ~ 10) and thosenits that date to the"™ millennium
AD (XU-1, Basalt = 13, Shell = 1; XU-3, Basalt = 24). Isolated subsurtateral features,
notably combustion features, have been found distributed dengddern road from the
south coast (ASPA site fles) to Ofu Vilage. Surfacatuees, identified by Hunt (1993) and
assumed to date to this period, have not been directly datedtathethe one discussed
above. It is plausible, and perhaps lkely given the eviderficgnificant terrigenous

deposition in the last 1,000 years, that these were buitieitate prehistoric or early historic
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occupation of To’aga (e.g., the Tui Ofu well and burial mound), or are associated with events

within that period (particularly warfare with neighbagi Olosega).

Stil, activity was occurring on the coast. The modestalaumaterial found in XU-1
and XU-3 of Ofu Vilage indicates that some marine reso@xploitation and processing
was occurring. Possible storage pits and evidence of tialtivdnave been identified by Kirch
and Hunt (1993a:70-71; Hunt 1993:24-26), and the dark organicallyhezhriclay loam soils
in XU-2 and XU-4 on the west coast demonstrate the use kfdemch areas for cultivation.
Nevertheless, the collection of this evidence mighigesigthat the nature of coastal land use
was different in the last 1,000 years relative to earlieioggrand | propose that permanent
residential use of the coast was, at the very least, digpersed in the last 1,000 years before

European contact relative to previous periods.
Chapter Summary

This chapter has presented the results of subsurfeestigations undertaken on the
western coast of Ofu island. Promising deposits were erchvattwo locations. In each
area, sequences of cultural and geomorphological changeidestibfed. Only one unit
included a deposit representative of the early period of theadusequence, located near the
talus slopes leading to the interior. The dated basaklayfeall other units place intial use of
areas seaward of XU-2 in Ofu Vilage (~145 m from present hpaache last 1,000 years.
Evidence of an increased terrigenous component to the sedimeget was noted in all
deposits. Garden layers that date to the end ofttmailénnium AD or beginning of the"2
milennium AD (after2c AD 895-1021) were identified in two units, and thick colluvium
layers were identified dating to the end of thé" tBntury AD (Beta-332861 (below
colluvium), 26 AD 1408-1452; Beta366731 (below colluvium), 26 1299-1413; Beta-

372700, 26 AD 1498-1795). Given the ubiquity of charcoal in these coluvial deposiey
were likely the result of erosion folowing vegetationacdiece on the slopes overlooking the

coastline. The impact of climatic change, however, cannotldd out.

All this evidence indicates a dynamic landscape, parliguigithin the last 2,000
years. Progradation expanded the coastal plain. By thedrury AD, the western coastiine
had stabiised enough where landforms created by progradatideh ie used. The next
chapter examines the archaeology of the island’s interior uplands to build upon this sequence

of changing settlement and subsistence patterns.
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Chapter 6: Archaeology of the Ofu Island Interior

A characteristic of Ofu is the limited area of lowaklior settement. Even the
habitable places in the interior uplands require the ecmtistn of earthen modifications
gven the steepness of slope. Itis the earthen modifisatiecessitated by slopes that make
these landscapes attractive to archaeologists. Comparableidiariieof Olosega (Quintus
and Clark 2012), evidence of past activities in the interioDfafis abundant and, given the

relative lack of historic land use in the detaied suraesas, well preserved.

This chapter presents the results of survey and exwavatthe interior. These
investigations were inttiated to examine patterns raf lase through space and time. Topics
addressed in this chapter include the nature and funofi@nchaeological remains, the
spatial distribution of those remains, and the chronologyitiaf imterior residential
settlement and subsequent use. Given that this studydermed with agricultural
development, special attention is paid to identifying pattermailtdfation. This was largely
accomplshed by the study of agricultural infrastructure, was also addressed through the

analysis of vegetation patterns.

The first part of this chapter investigates the intedplands at an island-wide scale
using Lidar imagery and vegetation patterns. The secamdighis chapter presents
qualtative and quantitative information about feature sygiscovered within two detailed
survey zone. The final part of this chapter presentsethgts of excavation and radiocarbon

dating.

Modelling Feature Location and the Spatial Extent of Cultivation on Ofu

Two methods were utiised to establish the distributionreifeeeological remains and
the extent of cultivation strategies at the islandescHtbe first is a GIS procedure informed
by the pedestrian survey that defines areas of highraewldyical feature density using a
Lidar dataset. The second is a correlation analysis xaatiees the relationship between
defined areas of high feature density and the distributibeconomic and secondary

vegetation.
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Mapping Idand-Wide Feature Density

A GIS procedure, the specific methods of which can be founchapt€r 4, was used
to define the boundaries of areas with high densites ohewdbpical features at the island-
wide scale. To summarise the procedure, an tterative proessandertaken where the
results of survey were compared with a high resolutiopesmap derived from Lidar. This
indicated that the location of terraces mapped in the \ielte associated with areas of 0-10
degree slope in contrast with the surrounding area (FigBuilding on this pattern, a slope
map of the entire island was classified and converted hbghty discrete areas with slope
values of 0-10 degrees. The density of these featuresheraséalculated to define boundaries
of high feature density (HFD) zones.
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Figure 6.1 The association between 0-10 degree slope features and oetbharchaeological terrace. Polygon outlines
represent what was recorded during previous pedestrian survey while thielack represents 0-10 degree slope

The application of this procedure identified several apéa®tential high density
archaeological remains (Fig. 6.2). Places highlighted on thdim&lgeorrespond to the
known locations of star mounds, a group of depressions, and histm@/n infrastructure.
Addttionally, much of the ridgeline itself has a slope of l#san 10 degrees, which results in
some areas being falsely identified as archaeologiced. €dutside of the ridgeline, the
procedure identified four zones, three on the western slopgesre on the northern slopes.

The HFD area on the northern slopes corresponds with a knowe Imcal population and
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archaeologists, location of archaeological features referred to as A’ofa. Unfortunately, the

Lidar dataset exhibits areas where bare earth returns were absent in parts of A’ofa, the result

of cloud cover during Lidar data acquistion. Therefore, two taxies were defined for this
zone. The first boundary outlines the high density arekefied by the GIS procedure, and
the second extends the boundary to include an adjacenth aveeh there was a lack of
bare-earth returns in the Lidar dataset. This extendeddaguis based on the extent of
terracing identified during a small reconnaissance suovethe steep slopes on the western
portion of the area, and it also includes a smaller HFD elmmtified by the GIS procedure
inland of the eastern third of the larger zone. The threas identified on the western slopes

also correspond to places of known terraces, one of which isnexarere (Tufu).

Using these boundaries, a mean centre of each HFD zonealmalated in ArcGIS
and used as a baseline for the locational analysis ofedetairvey areas. The use of the
mean centre as an analytical baseline is partialytaltiee importance of the centre:
periphery distinction in Samoa (Mead 1969; Quintus and Clark 20ib2e 3982, 1996), but,
above all, it is a fixed point to help ilustrate spatial pasteThe spatial patterning of
archaological features within Tufu and A’ofa are presented in this chapter.

X
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[:] High Density
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| |
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Figure 6.2 Areas of high density archaeological remains in the interior uplands of Ofu
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Examination of Vegetation Patterning

Because culiivation inevitably impacts vegetation, distribution of extant
vegetation types can reflect the collective resulbunfian land use over long time scales,
perhaps highlighting activities associated with food productiomgdyrehistory. On Ofu, as
discussed in Chapter 3, much of the extant vegetatiorodgied, either economic or
secondary forests (boundaries defined by Liu and Fischer 2007priicoforests, as the
name implies, consist of economic tree crops, espedatgcarpus altilis(breadfruit) and
Cocos nucifergcoconut), thoughAleurites moluccanug&andlenut) andnocarpus fagifer
(Tahitian chestnut) were also identified in the areaoBeary forest is constituted by a
number of plants, but on Ofu consists largelHifiscus tiliaceugfau). The above defined
HFD zones were compared to modern vegetation patterns, enddfrelation was

statistically assessed.

Economic forests are distributed in three discrete locatiotise interior uplands
(Table 6.1; Fig. 6.3), which spatially correlate with three sasdddFD. In the area designated
as A’ofa, ~20 ha of economic forest are situated seaward of ~19 ha of secondary forest.
Approximately ~23 ha and ~25 ha of economic forest are distributedthee area designated
as Tufu and the far northern HFD zone on the westernssi@peollective total of ~89 ha of
secondary forest is located inland of and between theseotves,zwith another ~6 ha of
secondary forest located to the south of Tufu. Interestinglyatioa is also apparent. In
A’ofa, both economic and secondary forests are situated within boundaries of the HFD zone,
while the Tufu HFD boundaries more clearly correlatedh witonomic forest with almost no
secondary forest situated within the boundaries. Neithenosdc or secondary vegetation
types was found associated with HFD zones on the ridgelaggrimary cloud and rain
forests (e.g.Pysoxylunspp.,Ficus spp.,Reynoldsia pleiospermare distributed across the

rest of the island.

A pattern highlighting prehistoric activity zones may betiefé from the distribution
of vegetation, even though variation exists. Signifisaimore economic forest is found
within HFD zones than outside (3 = 8.30; p = 0.015), and the presence of these Polynesian
introduced economic trees (e.g., breadfruit) on these slopksiy related to human
activity. Secondary forest, meanwhile, is found within andidet HFD zones, but the
general location of the vegetation type and zones of HFi2lat. Secondary forest is not

the exclusive result of vegetation clearance foivatibn, but other explanations of the
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vegetation patterns on Ofu are not as plausible. Ndiaslare an extreme rarity. If a natural
fire did occur, it would not spread given a lack of dry mategaburn. Forest clearance for
residential purposes could result in the growth of secorfdeggts, but this does not account
for the total distribution observed as secondary foresedgdmtly located outside areas of
archaeological remains (refer to Fig. 6.3), especialy imragianland. This pattern, of
secondary vegetation situated immediately inland of econfamests is similar to a pattern
of shifting cultivation inland of arboriculture zones; a@attthat is known ethnographically
for Samoa and elsewhere in West Polynesia (Fox and Camihet962; Kirch 1994:166-
183), and archaeologically for Samoa and other places in tHie Raiocoln and Ladefoged
2014; Quintus 2012).

Table 6.1 Distribution of economic forests in reference to areas of high density archaeol@itemains

Within Outside Total
Tufu 16 7 23
Ofu Village 24 1 25
A'ofa 19 1 20

- Clouds and Shadow
- Modified Forest
- Rain Forest

[ | Secondary Forest

N
A — 20m countour

[ HFo Boundaries
05

1
Kilometers

Figure 6.3 Vegetation map exhibiting the spatial extent of secondary and economic forests. Thesmtions roughly
correlate with HFD zones identified using the Lidar dataset
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In order to understand the nature and formation of HFD zdhegesults of surface
and subsurface investigatioms two interior upland areas, Tufu (AS-13-48) A’ofa (AS-
13-39), are presented in the rest of the chapter. These twiiaguraty defined zones are
used as analytical units for comparative purposes becatiseirofalue in organising data

and highlighting locational patterns.
Feature Definitions

Features in both A’ofa and Tufu can be classified into similar classes (for definitions,
refer to Table 4.2 in Chapter 4), basedhoorphologicalattributes. These classes were
created prior to fieldwork and were based on features thgbrlaibusly been recorded in
Samoa (e.g., Clark and Herdrich 1993; Davidson 1974a; Holmer 1980; HuKiretmdl988;
Quintus and Clark 2012). The following is a short description i é&ature class.
Quantitative data (e.g., size, distribution, proportions, etcighwdre site specific, are
subsequently discussed in reference to each sample arganéral interpretations of form
are considered here. For ease of presentation, the discaddeaiure types in this section is

organised in the same wagthe discussion of each HFD zone below.
Ditch-and-Parcel Complexes

Aggregate features with at least one ditch that sulwan area dfloping landare
classified as ditch-and-parcel complexes (Fig. 6.4). Thesedsapossessed two
morphological elements, a ditch and a parcel. Ditches arediefmartificially constructed
narrow channels situated below the level of the grourdceuthat are longer than they are
wide. Ditches in the study areas are morphologically sjmidanstructed entirely of earth
with a bund- presumably manufactured of fil dug out to construct thén ditthat defined
the side and downslope boundaries. Variability of ditch depth amdi freight exists as a

result of slope.

In this feature class, the majority of the area encoregaby ditching remained

sloping, and this area is referred to as the parcel. The bp@nsdge of most parcels have

been purposeful cut away to create an earthen facing, enedithno ditch on the downslope

side. This ensures that the ditch ends remain open toairdire downslope side of the

features. Earth removed to create the cut earthemy fagipears to have been pied on the

downslope edge of parcels, creating a narrow (~1-2 m) flat laréi@e cases where the

flattened area was wider than 5 m, it was classified teasace. Even in these scenarios, these
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features were classified as ditch-and-parcel complex@sposed to ditched terraces, if a

higher proportion of land encompassed by the ditch was slopihgr than flattened.

Two types of ditch-and-parcel complexes were identified fn @tworks and single
branch features. Networks exhibit muliple ditch branatesegments connecting to create,
in all but one circumstance, multiple parcels. In cade®tworks, there was a main ditch
from which smaller branches extend. Single branch &staxhibit a single ditch branch that
surrounds a parcel. Ditches of single branch featuresftare U-shaped, open on the

downslope end of the feature.

Terraces

Terraces are defined as artificially flattened earsteuctures with three free-standing
sides or less. Each was constructed by a cut and fil iqeehnin which the back of the
feature was cut out from the natural slope with théhazmed to flatten the front (Fig. 6.5).
Terraces displayed variable surface areas and surfaednse On the surfaces of most,
evidence of past use was identified, either in the forsulefrounded coral gravel or rounded
to angular basalt gravel, referred to here as paving. @asatransported from the coastline
into the interior uplands, and the basalt could have belectedl from the coast or interior.
Angular basalt lkely represents the latter case anidcty could be naturally occurring on
some terraces. Paving usually does not cover the eutisces but, especially when only
angular basalt was found on the surface, this mateaal present in low denstties (<5
percent of surface). Surface visibility was influencedtieydegree of vegetation cover on
some terraces, and for this reason the simple presentsemca of coral and basalt was
recorded, not an estimated portion of the terrace coveremgPawral in particular, was not
commonly found off terraces other than in a few uniqueurtstances, and those terraces
with more than five pieces of one or another, coral or bagate classified as paved. The
only other surface remains identified on terraces wadoang@latform, 20-30 cm high, buitt
atop one terrace, and two curbing algnments; one on théionasl low platform and one on

another terrace.
Circular Depression

Depressions are defined as circular areas sttuated beddanth surface that are the
resutt of human activity. This feature class is ‘deiain both morphology and, presumably,

function. The rims of depressions are at ground surface, were identified with
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unambiguous raised rims. However, rims are always mongededn the downslope side of
features. Basalt and coral boulders (20-30 cm in length) seene to line the edge of some
depressions, though the distribution and density of this gedound each is variable. The
presence of edging appears to be important and is an aspedtiref feaiation that likely has
functional relevance. Of note, the determination of meslabsence for each was difficult in

the Tufu HFD zone, as vegetation cover precluded closeir@ton in some circumstances.
Ditched Terraces

A ditched terrace is an aggregate feature type defised terrace, with significant
sub-rounded and flat plate coral and rounded waterworn Ipasadiy, which is ringed by a
ditch (Fig. 6.6). Upright basalt slabs have also been identdiethese features. The
distinguishing attribute separating ditched terraces fromaretgrraces is the presence of the
ditch that rings the terrace. This feature is difisegat from ditch-and-parcel complexes by
the proportion of land inside the ditch that is modified otefledd. In the case of ditched
terraces, a higher proportion (> 50 percent) of land ringed bgittte is artificially flattened.
Addtionally, ditched terraces are completely ringed by a dashppposed to being open on
the downslope side. The ditch of ditched terraces is O-shagteddnof U-shaped.
Addtionally, the footprints of these features tend to be amadlative to ditch-and-parcel
complexes.Ditched terraces may be a unique characteristic of settlement systems in Manu’a,

though features identified by Ishizuki (1974) on ‘Upolu might represent these.
Central Open Spaces

The absence of archaeological remains across an aresswascorded when
meeting a set of criteria. To be recorded, these spaces masbé®v devoid of structures,
larger than needed for a single domestic unit (exceedi@ rf) and associated with
multiple (three or more) large structures along thefipperies. Furthermore, these spaces
were of particular interest if they were situated hiea ¢entre of HFD zones or directly
seaward of the centre of the HFD zones and large terrdbese spaces may compare with
the ethnographically and historically documeni@alae That these features were present in
prehistoric Samoa is supported by initial European descriptbi@&amoan vilages, which
highlight the presence of a central vilage green (Davidk®89:58, 62; Shore 1996:267).
One such space recording ethnohistoricaWlgs 300 yards in diameter (Davidson 1969:62),

but it is unclear whether this size was common or unique.
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Flat Area (=2 m)

Figure 6.4 Schematic profile view of a ditch-and-parcel complex

~10-20 m

N

N
7

Figure 6.5 Schematic profile view of a terrace

Upslope ditch

Downslope ditch

Flat area

Figure 6.6 Schematic profile of a ditched terrace. Exaggerated ditches and back banks
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The Archaeology of A’ofa (AS-13-39)

Archaeological remains in A’ofa, inland of the north coast of the island (Fig. 6.7),
were first identified in the late 1990s by Jefirey Clarkl &cal vilage members, visited in
2010 and 2011 by the author and Jeffrey Clark, and surveyed in 2012 and pati3ohshis
study. Based on the results of the GIS procedure discussed, abchaeological features in
the A’ofa HFD are expected to be distributed across an area of roughly 49 ha. Of that area, 15
ha were surveyed in detail with 10 m spaced transects, thbieemaining area was visually

examined using the Lidar dataset to gather additionalbdistrnal data.

Within the HFD zone, from 80-200 m above relative sea lhvelslope ranges from
~10-40 degrees. The vegetation consists largely of eidmiomic plants or secondary
forest. Among the more common trees of breadfrut and cocatditioeal economic trees
of Tahitian Chestnut and Candlenut were noted. Secondast, fovhich constitutes the
majority of vegetation in slopes greater than 20 degreesistson$ a number of taxa but is
dominated byHibiscus tiliaceugfau). Three streams cut across the survey area (see Fig. 6.8).

All run intermittently, and no standing water was appgareany during field work.

One hundred and four features were recorded during detaiestpen survey, in
addition to several ditch-and-parcel complexes (n = 18, fiveonksnand 13 single branch
features). Below is a summary of the features ideshtifid@s mentioned previously, a mean
centre was calculated in ArcGIS for each survey arff@deby zone boundaries created
using the GIS procedure. In A’ofa, two mean centres were calculated because of a lack of
bare earth returns in some areas of the Lidar datasse Thean centres are used analytically

to examine and compare the form and spatial distribution tidealasses.
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Ditch-and-Parcel Complexes

Morphology. Eighteen ditch-and-parcel complexes were identified fayna total of 27
individual parcels (Fig. 6.8; Appendix 1). Ditch elements aatemtiwith these features have
a total length of 2,182 m, and individual ditches range in lefigin 51 m (Parcel 13) to 347
m (all connected ditching associated with Parcels 24-27)aVéeage length of ditches per
complex is 114 m (s.d. =70 m), as measured when all segments ofksetwere measured
as one ditch. Ditch elements associated with networks (mef4 m) are larger than those
associated with singe branch features (mean =83 m) &-8td6, p = 0.03, two tail
assuming unequal variance). Of the ditch-and-parcelonesyvtwo very large examples were
documented, constituted by ditches with lengths of 212 m (P&2eksd 23) and 347 m
(Parcels 24-27). Ditch width, measured from bund to bund, rarg®s3f2 to 6 m and
averages ~4 m (Fig. 6.9, 6.10). The assessment of the original ofleggith was difficult,

given the probability of post-construction infilling and emosibut the present depth of most
is not significantly less or more than ~0.45 m. Rocks, coral, stmel vegetation were found
scattered within these ditches, but no formal paving oingaWas identified. It is lkely that

this debris was swept into these features by way oélanin-off.

Slightly more parcels in A’ofa are formed by single branch features than by networks
(14 of 27; 52 percent). The size of each parcel was measured¢GiSAutiising the area
measurement tool. As ditches that form the boundaries oélpaae present on only three
sides, the fourth side was created by drawing a straightfrbm one ditch end to the other.
Thus, these measurements should be thought as consepstiivates. Parcel size ranges
considerably, from 173 m? to 3,063 n? with an average of 924 n¥ (s.d. = 565g1%.(H4).
This range was divided at equal intervals of 36Qarconsider correlations with complex
type (single branch feature or network) and enable companghrthe Tufu dataset. Three
parcels measured under 399 six measured between 400 and 649 measured between
700 and 999 i and seven measured over 1,000(fiable 6.2). The largest parcels tend to
be associated with networks (11 of 18 over 700 nm?; 61 percent), and the ipnopbsingle
branch features within each size class decreasestti®smallest to largest classes. The
average size of parcels in single branch featuresiades in comparison to those in networks
(731 nt and 1132 ), though this difference is not statistically sigrifit at the 0.05 alpha
level (t-stat =-1.90; p = 0.07; two tall assuming unequal variarid® largest parcel, Parcel

23, is a clear outlier.
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individual parcels
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Figure 6.10 Ditch associated with Parcel 9
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Figure 6.11 Size distribution of parcels in A'ofa
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Table 6.2 Frequency of size of parcels and the relationship between size and compige

Size Range No. No. Single Branch Features No. Networks
(proportion) (proportion)
100m?-399 n? 3 3(1.0) 0 (0)
400 M?-699 m? 6 3 (0.50) 3 (0.50)
700n?-999 m? 11 5 (0.45) 6 (0.55)
1000n?+ 7 2 (0.29) 5(0.71)

The modification of parcels, in the form of terracing or rding, was limited; most
consisted simply of sloping surfaces with a small flata aesar the bottom created by the
piing of excess dirt from ditch and earthen facing coostnit On a few parcels, terraces
were recorded, some of which clearly supported structurase{P£0 and 21), as indicated
by the presence of dense sub-rounded coral and basalt paxmginBhese cases, though,
the area of modified land is a small portion of the total lamzbrmpassed by the ditching (15

and 37 percent respectively). These associations are disaiss®re length below.

Spatial Distribution. The majority of ditch-and-parcel complexes are locatedrwi® m of
streams or cliff edges (23 of 27 parcels; 85 percent) (Fig. 6.8). Thothgr features that
included ditch elements were noted near the centre ¢ifie zone, they were classified as
ditched terraces (see below). Of the five examples ofdibchparcel networks, three are
located in seaward positions relative to other featureBeitHED zones, one draining over the
edge of the cliff that forms the northern boundary (Par2&land 23), and the other two
draining near the convergence point between Agaputupubarstand the cliff (Parcels 20,
21, 24, 25, 26, and 27). Ditch elements that constitute these threwksetre the largest in
A’ofa. Of'the two smaller ditch-and-parcel networks, one (Parcels 16 and 17) is located near
the centre of the HFD zone, just downslope of Feature 1%(tiest terrace identified, refer
to Fig. 6.7). The other is located on the greatest slopes ah wlitching was identified

(Parcels 7, 8, and 9) (Fig. 6.12), between and connecting to two streagies. beanch

features were found throughout A’ofa and are associated with other archaeological remains,
particularly those in the centre of the HFD zone. Eghi2 single branch features for which
confident distributioal data is avaiable are within 10 m of terraces (67 percent)e Mor
specific details regarding the association of ditch-andgbacomplexes with other features

are discussed in regard to the terrace feature class.bel
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Parcel size increases as the distance from the metaa oéthe HFD unit increases
(n=27;r=0.49; R2=0.24; p = 0.009) (Fig. 6.13). In general, then, larger pascsated
near the borders of the HFD zone, and smaller parcelghaeaentre. To further check the
validity of this pattern, the mean centre of the exterio@ahdaries, which accounts for areas
lacking bare earth returns in the Lidar data, was dtiiseanalysis. The pattern is more
statistically significant using this variable (n = 2% ©.55; R = 0.30; p = 0.003) (Fig. 6.14).

Figure 6.12 Connection point of ditch-and-parcel network (Parcels 7, 8, and 9). Arrowsdicate the direction of slope
off of the ditch bund
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Figure 6.13 The relationship between parcel size and distance from centre (GIS lbaaries)
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Figure 6.14The relationship between parcel size and distance from mean centre (exted boundaries)

Terraces

Morphology. Fifty terraces were recorded in the A’ofa HFD zone (Fig. 6.15, Appendix 1),
most as part of the detailed survey transect. Two additieneces were recorded outside of
this transect for analytical purposes. One was locatedeep sbbpes and was excavated,
presenting an opportunity to date features in this arestufiee78). Another unique terrace, in

terms of size and surface features, is included for catymrpurposes (Feature 101).

All terraces in A’ofa exhibit an elongated oval shape, similar to others in the
archipelago, suggestive of a similar constructon methag €~16). A combination of coral
and basalt gravel (mixed paving) was most commonly founceroace surfaces (n = 35)
folowed by just angular basalt (n=13). Two terraces possessdaernible paving, but
here vegetation was dense. The recorded lack of paving latthr two might be related to
post-depositional natural processes or dense surface Gbeesize of terraces is variable,
ranging in length from 7 to 65 m and in width from 4 to 14 m, likeleflaation of
geographical characteristics (e.g., slope and elevation)uaciibhal differences (see below).
The average terrace size, of 18.8 m in length (s.d. = 10 m), 9 itim (&.d. = 3 m), and 194
n? in area (s.d. = 1297 is similar to the average terrace size within Tisiee below).
These terraces were divided into equal sizes rangesersla of 100 rf to discern the
relationship between size, paving type, and general felatcagion. Of the total 50 terraces,
13 measure under 10,mM6 measure between 101 and 260 14 measure between 201 and
300 nf, four measure between 301 and 460 and three measure over 409 (fig. 6.17;
Table 6.3).
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Those with basalt paving were, based on a t-test of arearsifmal 13; mean area =
130 nf) than those on which coral was located (n = 35; mean area = 223t = -2.23; p
= 0.036; two-tail assuming unequal variance), but were otleemn@rphologically similar.
Of the terraces with a surface area below 180cwral was not identified on 59 percent,
compared with 36 percent of terraces with areas between 10122Qral was absent on
only two of 21 terraces over 20F.nCurbing alignments were identified, though rarely (n =
2). In one case, on a terrace with a surface over 4phencurbing alignment is situated on
an elevated platform atop the terrace (Feature 101; Fig. 6.18i tnedother, a terrace with
a surface area under 106, rthe alignment completely covers the terrace on whigvast
placed (Feature 8).

Spatial Distribution. When all terraces are taken into consideration, teriaeedscreases as
elevation increases (n =50; r=-0.317R0.096; p = 0.029) (Fig. 6.19). However, when
terraces recorded outside the detailed survey area aresgbrimown analysis, the correlation
between elevation and terrace size is not statisticgdnificant, though stil somewhat
suggestive (n = 48;r = -0.212R0.05; p = 0.14). This could mean that a larger sample of

terraces is needed to fully evaluate this pattern.

Ten of the 13 terraces on which coral was not identifiedbasalt was are situated in
elevations higher than 130 metres above sea level ((@@spercent), the point where
average slope exceeds ~15 degrees. Of the eight terrdui@sngx surface areas under 101
m’ and no evidence of coral paving, six are located at least 14@#fgsercent). Eighty-six
percent of terraces on which coral was scattered aredb&elow 130 masl (30 of 35). The
two terraces that lack discernible paving were idedtif@ slopes leading down to stream
channels and were heavily vegetated. Generally, timekegs indicate that large terraces

with coral paving are located seaward of small terradtbsne coral paving (Table 6.3).

Of the terraces with surface areas of over 490t largest is located in a central
location (Feature 19), 40 m from the mean centre of the A’ofa HFD zone. Another (Feature
101)- the one in which a curbing alignment was situated oreeaated platform-is
approximately centrally located between the western bourafahe settlement and
Agaputuputu Stream (175 m from the stream and 150 m from theHF&sunit boundary).
The third (Feature 6) is in proximity to, 15 m away from, ehelitod-parcel network.
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Figure 6.15 Distribution of terraces in reference to ditching in shded detailed survey area. Labels are terrace feature

numbers
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Figure 6.16 Feature 1, a well-defined but small terrace in steep slopes
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Figure 6.17Size distribution of A’ofa terraces

Table 6.3 Frequency of each terrace size class and association with mixed paving

Size Range  No. No. with Coral (proportion)  No. below 130 masl (proportion)

0-1001? 13 5 (0.38) 4 (0.31)
101-200m? 16 11 (0.69) 13 (0.81)
201-300 M2 14 13 (0.93) 9 (0.69)
301-400m? 4 4 (1.0) 3(0.75)

400 +m? 3 2 (0.67) 2 (0.67)
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Figure 6.18 Curb alignment of Feature 101
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Figure 6.19 The relationship between terrace size and elevation plotted. Additiorl this analysis includes all

terraces identified in the A’ofa HFD unit

Terraces also were found associated with other featuideers terraces are within 10

m, but located outside the boundaries, of ditch-and-parcel caspld6 of 50; 32 percent).

Of these, nine are located within 5m: three downslope dfird¥c(Features 19, 37, and 74),
four to the side (Features 31, 39, 59, and 102), and two to the upslopee@-é4dtuand 64).
Six of these nine are associated with single brandbrésa(67 percent), while the other three

are in proximity to networks (33 percent). At least some ceaal identified on the surface of

all nine terraces. Though rare, terraces were alsdifielgnon parcels (n = 6; 12 percent of
total). Four of these are quite small (Features 9, 11, 60, and 103), d&lage area (mean

area = 49 i), but two are either average or above average (Featuresxd 104, mean area

=279 m). Al but one of the terraces located on a parcel, Feature t0&ssociated with

ditch-and-parcel networks (83 percent).
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Circular Depressions

Morphology. Circular depressions were more frequently identified than terraces in A’ofa (n
=52) (Appendix 1). The diameters of depressions range from 2 to 5.6 ranndterage of
3.24 m (s.d. =.80 m) (Figs. 6.20, 6.21; Table 6.4). Depth is more uniform displayamgea r
from .16 to 1.03 m with an average of .40 m (s.d. =.19 m). Two morphological greups
identified, based on the presence or absence of basalt obocuakddrs around the rim of the
depression. More depressions lack this stone edging (n = 32; 62tpdl@en possess it (n =
20; 38 percent) (Table 6.4). Even those possessing edging exhyitgvamounts, some
with very litle (3-4 stones), and basalt and coral boulderdoaated in different locations
around the rim of each feature. No coral or basalt that waiffiek as edging was fre

altered.

Three equal interval size classes based on featuretéeiamere created to examine
the covariance of edging and size (depth was not utilisedube of the influence of
infilling). The first class ranges from 0 to 2.9 m (n = 21), the@sgédom 3 to 3.9 m (n = 17),
and the third greater from 4 m and above (n = 9). Dimensionfoubrdepressions were not
recorded and the dimensions of another were estimated tgnerconstraints. Of the 21 that
are less than 3 m in diameter, 12 have some degree of basafabedge (57 percent),
whereas only seven of the remaining 26 have an edge (27 péiabie 6.4). Based on a
Chi-square test, there is some evidence to posit an assodigtween depression diameter
and the presence of basalt and coral edging, with thosemngasss than 3 m more likely
to possess such edging. However, this pattern is not cadlystsignificant at the 0.05 alpha
level (x° = 4.6; p = .099).

Figure 6.20S tone edged depression (A’ofa Feature 81). Most depressions do not have this degree of edging
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Table 6.4 Frequency of depression size classes and association with edging. féstures are not included in this
analysis as their dimensions were estimated

Size Range No. No. with Edge (proportion)
Small 2-2.9m 21 12 (0.57)
Medium 3-3.9m 17 5 (0.29)
Large 4dm+ 9 2 (0.22)

D

Diameter (m)

N
-

Size of Individual Features

Figure 6.21 Size distribution of depressions in A'ofa

Spatial Distribution. Depressions were found throughout the detailed survey Eigge (
6.22, 6.23), and most are proximal to other features (90 percent). Inokdepressions for
which accurate measurements were obtained, eight ofrtide edged examples are
associated with terraces (66.6 percent): six atop a terracer@dtpeand two within 10 m
(16.6 percent). Two others are within 10 m of ditched terraces (1&énpeand the other
two are within 10 m of ditch-and-parcel complexes (16.6 perceny.ddthe five medium
edged depressions is located on a terrace (20 percent), threghsr 10 m of a terrace (60
percent), and one is within 10 m of a ditch-and-parcel com@@xpércent). Of the two large
edged depressions, one is located within 5 m of a ditched temecene is situated on a
terrace. Six of the small non-edged depressions are sitoatégtraces (66.6 percent), while
the rest are located within 10 m of terraces or ditch-ancepbaamplexes (33.3 percent). Of
the 12 medium non-edged depressions, three are located orstéRaqercent), three are
within 10 m of terraces (25 percent), one is located within 1) anditch-and-parcel
complex, one is located on a parcel, and one is at the end o ddinch. Three do not have

a clear association with another feature (25 percentheXddven large depressions without
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an edge, two are located at the end of ditch branches (28.5tpe@erwithin 10 m of a
terrace (28.5 percent), and one atop a terrace (14 percent). Two assowated with

another feature (28.5 percent).

To summarise the detailed discussion above, depression®i@®ften associated
with terraces than any other feature class, with 60 pelkeeated on or within 10 m of
terraces. However, edged depressions are more likely to be miproto terraces relative to
non-edged depressions, 68 and 54 percent respectively. Of thel@pressions associated
with ditched terraces, all of them have an edge. Onlyeatyed depressions are located at the
end of ditch branches (n = 3), and five of the non-edged depres$siva no relationship
with other features (5 of 28; 18 percent). The only depressiatesition a parcel lacked an
edge. There are more specific relationships based on sizéheaedrélationships are

examined in more detail below in relation to feature famcti

o
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Figure 6.22 Distribution of edged depressions in A'ofa with reference to terrace stribution
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Ditched Terraces

Two ditched terraces were confidently identified within degailed survey area:
Feature 75 measuring 23 mlong and 30 m wide and Feature 77 me&Qumdpng and 41
m wide. A third, identified using the Lidar dataset, appears faré®ent to the east
measuring 35 m long and 44 m wide (Fig. 6.24). The two confidently fieenfeatures,
characterised by the presence of a terraced area comeatedyinded by a ditch, are located
near the centre of the A’ofa HFD zone. Each is 109 m from the mean centre. Feature 77, the
northern most ditched terrace, is unique in the surved iarthat it was paved only with
coral, with no basalt observed on the surface. Three depressemssociated with the
feature, situated within 10 m downslope. All have some degreeraifand basalt around
their edges, but the size of each is variable: one is Z12diameter (Feature 89), another is
2.4 m (Feature 88), and the other 4.5 m (Feature 87).
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Figure 6.24 Location of ditched terraces in A'ofa. Shaded area is the detailed survey zon
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Central Open Spaces

Central open spaces are identified by the absence of aladieal features in an
otherwise inhabitable space (e.g., flat, close to other ésjtuas well as the presence of
surrounding structures. No areas within the detailed survey area of A’ofa meet this feature
definition. This does not mean a central open spaes isituated within the A’ofa HFD,
though, as only imited survey was undertaken in aremsasd of the centre of the zone
(directly inland of Parcels 22 and 23). Vegetation in this grelanse, which, because of time
constraints, precluded reconnaissance survey in theNweachaeological features were

noted via visual inspection of the Lidar dataset.
Summary

All feature classes except for central open spacescosfidently identified in the
A’ofa HFD zone. Ditch-and-parcel complexes were variable in morphology, classi&d
networks constituted by multiple connecting branches desioganch features. In terms of
spatial patterning, single branch features are more adtsociated with terracing relative to
networks, and the size of parcels is larger farther filmarcéntre of the zone. The largest
three ditch-and-parcel networks, in terms of the lengtditaing, are located in seaward
positions. Terraces were variable in terms of size angdrdsence of coral. Generally,
terraces decrease in size as elevation increasessintiigat pattern, those terraces with coral
are more likely to be found in lower elevations, and these atigtishlly larger than those
that lack coral. Some terraces were associated with alidiparcel complexes, most of
which have coral on the surface. Two morphological variahtdepressions were noted,
based on the presence of basalt or coral distributed around thefdtlg feature. Stone
edged depressions were of varying size, but most are les8 than diameter. In general,
smaller depressions are more closely associated with égrr@ome large non-edged
depressions are located at the ends of ditch branches, wigles db not appear to be
associated with other features. Finally, two ditched tesrawere identified in the detailed
survey area, with a third possible identified in Lidar. The tenfidently identified ditched
terraces are located near the centre of the A’ofa HFD zone, and one of these is the only

feature found that exhibits only coral paving, as opposed to rpasthg.

193



The Archaeology of Tufu Stream (AS-13-42)

The Tufu HFD zone, inland of the southwest coast of thedis was identified in
2012 with further work undertaken in 2013. The zone is situatedh vethnelatively flat area
perched above the sea, with cliffs leading to the coagiin¢he west side. This flat area is
bisected by Tufu Stream, the deepest drainage on the iskth leads from the coast to the
ridgeline. Archaeological remains are scattered to the amdhsouth of Tufu Stream over an
area of 18 ha according to the Lidar-based density map (Fig. 6i@8)werk was more
detailed to the south of the stream. The detaied surveyemmmpassed 10 ha of the total
zone, while the remaining eight were analysed with Lickagery in ArcGIS. As a way to
increase total coverage in the detailed survey zone,dugfidence terraces, areas of 0-10
degree slope in contrast with the surrounding landscape, idestéied and outlined using
the Lidar dataset. Because surface modification could nadoeded for these features (e.g.,
presence or absence of coral and basalt), they, labeled witfidal, are not used in all

analyses.

Within the HFD zone boundaries, ranging from 50 m to 200 m ab@ategekea
level, slope ranges from ~10to 30 degrees. Vegetation iblearlaut largely consists of
economical plants (coconut, breadfrut, etc.) or secondary forest (largelyibiscug.
Historic land use is more pronounced in Tufu than in A’ofa. At the time of survey, taro
gardens were situated on the slopes near the Tufu Stieeamel, as well as near the cliffs on
the west side of the zone. These gardens, because tleepd@v cleared of vegetation, made

it easier to identify and record prehistoric architectdesltures.

A total of 85 features were recordedne being an interpreted central open space.
Several ditch-and-parcel complexes were also identified, neiworks and seven single
branch features. Additional features, three possible ditdiparcel networks and nine high
confidence terraces, were identified with the aid of Liddms section presents and analyses
the results of that survey. Locational analysis utilissemean centre of the Tufu HFD zone as
a baseline. This was calculated in ArcGIS using boundaased on the GIS procedure

discussed at the beginning of this chapter (Fig. 6.2).

% There are 86 feature numbers as one feature, @skipn originally labelled Feature 57, was remofreth
analyses as it was deemed to be natural.
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Figure 6.25 Distribution of archaeological features identified in the Tufu HFD zone
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Ditch-and-Parcel Complexes

Morphology. In Tufu, 11 ditch-and-parcel complexes were identified anwhgr
archaeological features defining at least 17 individual maf€d. 6.26) (Appendix 1). Most
of these were visited and recorded in the field, but threere wlentified using the Lidar
dataset. Only four single branch features were obsenv ifield. In sum, 1,339 m of
ditching was identified in Tufu. Individual ditch elememange from 41 m (Parcel 9) to 330
m long (all ditching defining Parcels 14-17), with a meagtierof 121 m (s.d. = 83 m).
Based on a fest, the difference between mean ditch length of A’ofa and Tufu is not
significant (t-stat =-0.23; p = 0.82; two taled assuming unequadnea). Also similar to
A’ofa, ditch elements of networks (mean = 208 m) were larger than those that are part of
single branch features (mean = 73 m) (t-stat = 3.17, p = 0.04; twodaihiag unequal
variance). One network, although large (ditch length of 185 ny), forms one parcel with
two distinct branches (Parcel 1). Another network is glearl outlier in terms of total ditch
length (Parcels 14-17; 330 m). Ditches average ~4 m in wiatigh their width ranges
from 3 to 6 m (Fig 6.27). Depth was difficult to measure since ragpeared infilled or
eroded, but estimated depths range from 0.30-0.50 m.
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Figure 6.26 Distribution of ditch-and-parcel complexes in Tufu in relation to the mean cere of the HFD zone
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Ten of the 17 parcels are part of ditch-and-parcel networkpdf®nt). Parcel sizes
were measured using the same methods as in A’ofa. Unfortunately, some areas of Parcels 14
and 16 could not be observed in the field given dense vegetadieer, and more ditch
segments might exist that would decrease each paeell$iough, no additional segments
were visible using the Lidar dataset. Parcels rangg&zanfrom 250 n? to 1,830 nm?, averaging
830 n? (s.d. = 493 T These measures do not differ significantly fiom A’ofa (t-stat = -0.46;
p = 0.64; two tal assuming unequal variance). When featuretfigdenn Lidar are removed
from consideration, there is no statistically significalifference (t-stat =-0.72; p = 0.47).
The size range of these elements was divided into foual easses (Table 6.5; Fig. 6.28):
below 400 m? (n = 3), between 400 and 699 m? (n =4), between 700 and 1,000 n? (n =2), and
greater than 1,000 m? (n =5). Single branch features formed tthe tfree parcels
measuring less than 400 m?. Four of the seven parcels $edbed class are part of single
branch features as wel, while the others are part aff sratworks. Two of the single branch
features in this class were identified in Lidar. Oftihe ditch-and-parcel complexes
measuring between 700 and 999 bioth are part of a network. Four of the five parcels over
1,000 M in area are part of networks, and the one that is notdeasified using the Lidar
dataset. Based on mean size, parcels that are part ofkemrerlarger (940 fthan those
that are part of single branch features (673 but, similar to A’ofa, this difference is not
statistically significant (t-stat =-1.11; p = 0.28; two tail assgnunequal variance).
However, when those features identified in Lidar are rechdvom analysis, these findings

become significant (t-stat = 2.65; p = 0.02).

Figure 6.27 Ditch of Parcel 14
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Table 6.5 Frequency of each ditch parcel size class with reference to ditch-apatcel type

Range No. No. of Single Branch Features  No. in Networks (proportion)
(proportion) (Not including Lidar)
100nf-399nf 3 2 (0.67) 1 (0.33) (0.33)
400 nf-699nt 7 4* (0.57) 3 (0.43) (0.60)
700 nf - 999 nt 2 0 (0) 2 (1.0) (2.0)
1000 nf+ 5 1* (0.20) 4 (0.80) (1.0)

*Denotes that at least one of these features was identified bidar
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Figure 6.28 Size distribution of parcels in Tufu

Spatial Distribution. Unlike in A’ofa, only some ditch-and-parcel complexes in Tufu
connected to streams or cliff edges (7 of 17; 41 perdgiatyt of these features were
identified south of Tufu Stream, and only one network (Pdraelnsisting of only two
branches) was identified to the north (Fig 6.28). This ditchymarcel network, however,
includes the second largest parcel in the site, and poxibtiis parcel are modified in the
form of small terrace-like structures (not given featoumbers nor recorded in detalil
because of time constraints). Another large network (Rafekl15, 16, and 17) is located on
the zone’s western periphery adjacent to a cliff. This feature is directly seaward of all
terracing in Tufu, 175 m from the mean centre. Thus, itheasaid that this network occupies
aposttion seaward of the centre in the zone, buffered froracteg inland by a central open

space (discussed below).

Statistically, based on correlations between parcel size stachal from mean centre,
smaller parcels are situated nearer the centre dighedensity zone than larger parcels (n =
17;r=0.67; R=0.45; p = 0.003). When those ditches observed in Lidar, Parcels 12, 13, and
14, are removed from analysis, the pattern is even morgticdliy significant (n =14;r =
0.78; B = 0.61; p = 0.0009) (Fig. 6.29). Al four of the field observed single branalrdsat
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are located within 75 m of the mean centre. These patieerthe same as those identified in
A’ofa.

A number of terraces were associated with ditch-and-paomaplexes, including
Features 17, 18, 32, 37, 47, and 80 and Parcels 2, 3, 4, 6, 7, 9, and 10. These are discussed at
more length below, but some were of particular interest. ditbk-and-parcel complex that
includes Parcels 2 and 3 is associated with a large tematesed by one of the ditches
(Feature 80). Furthermore, Parcel 3 possesses some attsinitas to those of ditched
terraces, specifically some coral and basalt paving oddhaslope edge of the parcel.
However, sloping land of the parcel is proportionally gredian the small flattened area (94
percent is sloping). Therefore, this feature is cladsiis a ditch-and-parcel complex as
defined in this study. The modification of other parcels reasicted to smaler than average
terraces (Feature 47 in Parcel 6) and some depressions (atgre F2 in Parcel 8). Even
within parcels that exhibit some modification, the majoaf the space remains unmodified
(see below for statistics).
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Figure 6.29 The relationship between parcel size and distance from centre. Figbserved features only

Terraces

Morphology. Forty-nine terraces were identified and recorded during p&shesurvey in
Tufu, with another nine outined using the Lidar datéSiet 6.30) (Appendix 1). Some
terraces were point-plotted with a GPS in the field, whigerst were drawn utiising the area
tool, a decision made based on the amount of vegetation aedtithated time it would take
to clear said vegetation. Regardless of how they were@lttthe field, though, the same
attributes were recorded. And, the spatial extent of pointegldérraces was outlined in

ArcGIS with the aid of the Lidar dataset after fieldworltdbbeen completed.
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Figure 6.30 Distribution of terraces in Tufu in reference to ditching. Labels are the fg#ure numbers of terraces

The Tufu terraces exhibited morphological attributes asinib those foundn A’ofa.
Al are elongated oval shaped with steep back banks that dedinfeature. Those in steeper
slopes, particularly near Tufu Stream, are better defined.feBiures range in length from 6
to 53 m and in width from 3 to 15 m, with averages of 20.0 m in lefsgth = 7.8 m) and
10.2 min width (s.d. = 3.5 m) (Fig. 6.31). The average area of Tufacésirwhich is 175 nm?
(s.d. = 134 n?), is not significantly different than that of terraces in A’ofa (t-stat =-0.73; p =
0.47; two tail assuming unequal variance). Some form of pavagfound on nearly all
features, basalt only on 15, a mixed paving (coral and basakB (Fig. 6.32), and no paving

on one. Curbing alignments were not identified on any.

There are correlations between terrace size, based onregual size classes, and
presence of coral (Table 6.6). Those terraces on which casasituated (n = 33, mean area
= 215 nR) are statistically larger than those with basaf @nk 15, mean area = 79 n®; t-stat
=-4.97; p = 0.0001; two tal assuming unequal variance). Only five mentéerraces with
surface areas over 207 tacked coral (1 of 19), and vegetation impeding inspection on that
lone terrace that lack coral. In contrast, 50 percent rafces under 2007acked coral (15

of 30). Therefore, larger terraces are paved with coral oitee than smaller features.
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Figure 6.31 Size distribution of terrace in Tufu

Figure 6.32 Dense coral paving on Feature 31. Machete at the top of the photo is ~50 cm

Table 6.6 Frequency of terraces in each size class with reference to paving type atelation

Size Range No. No. with Coral (proportion) No. below 100 masl|
(proportion)
0 n? - 100 n? 21 10 (0.48) 6 (0.28)
101 m2-200m 9 5 (0.56) 4 (0.44)
201 m? -300m? 10 9 (0.90) 6 (0.60)
301 m? - 400m? 6 6 (1.0) 6 (1.0)
400 m? + 3 3(1.0) 3(1.0)
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Spatial Distribution. Terrace size decreases as elevation increases, baseddatatians
between terrace area and elevation (n = 58; r = -052:0R26; p < 0.001) (Fig. 6.33). In this
sense, larger terraces are generally located more seafvemaller terraces. However,
exceptions do exist (e.g., Feature 58). When features identifttdhigh confidence using
the Lidar dataset are removed, this pattern is stil s&gstically significant (n = 49;r = -
0.48; R2 = 0.23; p < 0.001) (see also Table 6.6).

Addtional patterns are evident when analysing the caowaricbetween the paving
type, location, and size of field observed terraces. All tesradgth a surface area under 100
nt that lacked coral on the surface (n = 11) are locatedviatieles greater than 100 mas|,
where average slope is greater than ~15 degrees. Eidiesefare located at least 120 masl.
Seventy percent of terraces on which coral was idehtéiee located below 100 masl (23 of
33). Two of the three largest terraces (Features 1 and 4taad the four most seaward
terraces identified (based on linear distance from theasdaboundary). The other two
seaward terraces, Feature 37 and 80, each have a surfacé ama300 n?. The third
terrace with an area of over 400 (Reature 83) was identified north of Tufu Stream. The
one terrace for which paving could not be discerned giverdehsity of ground cover,
Feature 72, is the closest feature to the mean centrgfupfwithin 10 m. This feature is
larger than average, with a surface area of 3D0These general findings indicate that large

terraces with coral are found more seaward of smallctsriacking coral (Table 6.6).

In some instances, terracing was found in associatitm ditch-and-parcel
complexes; two terraces, Features 47 and 80, located on parce83(ZBqgdercent). Both of
these terraces are associated with networks and are pitvembral and basalt. Even so,
similar to the situation in A’ofa, most of each parcel remains sloping (terracing representing
26 and 33 percent of total area respectively). Four features (17, 18, a2 ®bated less
than 10 m downslope from ditch-and-parcel complexes (4 of 52; 8 pei©étiese four,
three are associated with single branch features. Alieske features have a surface area over
100 n?, though coral was not found on two of the four.

Depressions are often found within 10-15 m of terraces, butsenen of these
features are directly located on other features (on fesal¥, 34, 66, 73, 76, 79, and 83). The
only depression of that seven with edging was located areadewith coral and basalt
paving. This number may be higher in reality given is@iaencies in how depressions were

recorded and assigned feature numbers during initial ysiise below).
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Figure 6.33 The relationship between terrace size and elevation, includj terraces identified with the Lidar dataset

Circular Depressions

Morphology. Unfortunately, the documentation of depressions in Tufu gagicantly
limited by time constraints of field work, and only a subsethe$e features was recorded
because of a preference for recording terraces and ditepaaodl complexes more
thoroughly. The presence of basalt or coral was noted indedttriptions, but the recording
of this attribute was not consistent and time constrdidsnot allow for resurvey. This bias
limits what can be inferred about the nature of the featiass. Definitive statements
regarding these features are problematic and this dscussould be thought of as

preliminary.

Thirty-five circular depressions of two forms were idedif within Tufu (Appendix
1). The dimensions of many depressions in Tufu had to be testinmathe field given time
constrains. Based on both estimated and measured valueiantet¢er of depressions
averaged 2.86 m (s.d. =1 m) with an average depth of .48 m (s.d. = 0.31 my mangi
diameter from 6 m to 1 m and depth from 1.36 m to 0.14 m. Of the 24 depressioviEch
dimensions were measured, 17 had a diameter of less thai13p®r¢ent), four had a
diameter of between 3 and 4 m (16 percent), and three had a diafmgteater than 4 m
(13percent) (Fig. 6.34; Table 6.7). Based on dimensions of medsatarks, depressions in
Tufu are statistically smaller than those in A’ofa (t-stat = -2.54; p = 0.0144; two tail assuming
unequal variance). However, when estimated sizes duddnc in the Tufu dataset, the size
difference of depressions within each zone is not signifiea 0.05 alpha level (t-stat = -1.75;

p = 0.08; two tail assuming unequal variance).

203



Similar to A’ofa, two morphological forms were noted. The first of the two, which
included just eight examples, is characterised by codabasalt boulders that form an edge
around the depression. Usually, this edging is not preseait sides of the feature, but,
instead, is denser on one side than the others. The did¢éhavidensest edging is different on
each. Of the six edged depression for which accurate slomah measurements were
obtained, four (Features 34, 50, 51, and 53) have a diameter of less th@no81i in this
size class; 23 percent). The other two edged depressionsréBeatand 52) have diameters
of 3 m and 4.3 m. Edged depressions account for two of the sevensibeprés the two
largest size classes (29 percent) (Table 6.7). The other tyfeprdEssion exhibit no apparent
edging (n = 27). These depressions were at times difficult ttifjdes anthropogenic, and it
is possible that some of the smaller ones are naturakrtieless, some were quite large,

particularly Features 69, 71, and 82, and are clearly anthropogegict.35).

Spatial Distribution. The small sample size and the uneven identificatiodepfessions
severely restrict what can be said about the spatiabdigin of these feature@-ig. 6.36,
6.37). Sixteen depressions were found in direct associationothitn feature classes (46
percent). Seven are located on terraces, six on parcelsn@hdrathree at the downslope
termination point of ditches. Most others are situatedinvii®-20 m of associated features,
and nine depressions were found in the gap between theseavgard ditching and the most
seaward terracing, the only archaeological featuresainidbation. Three of these
depressions had an edge and the remaining six did not. Hdlfred@aded edged depressions
are located in proximity to Parcel 8, though this is a t&flecof sample bias and not human
behaviour. Only one of seven depressions located on term@nl@ge (14 percent),

though, again, this may relate to sample bias.
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Figure 6.34 Size distribution of measured depressions in Tufu

Table 6.7 Frequency of size classes andtheir relationship with stone etgi These should be viewed with caution as
this is only a subset of depressions in the area

Size Range No. No. with Edge (proportion)
Small 2-2.9m 17 4 (0.24)
Medium 3-3.9m 4 1 (0.25)
Large Am+ 3 1(0.33)

Figure 6.35 Feature 52 dug into the bottom of Parcel 8. Note the otherwise sloping ground around themesion
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Figure 6.36 Distribution of edged depressions of Tufu in reference tortaces. Depressions in which dimensions were

estimated are not included
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Figure 6.37 Distribution of non-edged depressions in Tufu in ref@nce to terraces. Depressions in which dimensions

were estimated are not included
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Ditched Terraces

The only feature with some attributes of a ditched terimaé&®arcel 3. The feature
exhibits an artificially flattened surface atthe frarithe parcel onto which is scattered coral
and basalt gravel (downslope side). Like other parcels in Tufu and A’ofa, and unlke ditched
terraces, the majority of the parcel remains sloping (9depgr Because of this, the feature

is classified as an element of a ditch-and-parcel complex.
Central Open Space

A central space was identified in a seaward central gositear the cliffs that form
the western boundary of the HFD zone (recorded as Feat(fF@.45.38). Located within an
area devoid of terraces, coral gravel and a few depressemesfound dispersed across the
surface. Such unterraced land is unusual given the aptiharacteristics of the location, in
terms of slope and accessibility of the coast. The laagastvisually most prominent ditch-
and-parcel network is located seaward of this area, and thiblposentral space creates a
buffer between the network and the seaward most terratimgse terraces, situated parallel
to the central open space, are larger than average (seg hdh coral and basalt paving.
The size of the zone ranges, but is roughly 30 wide and 180 n{3d ni area).
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Figure 6.38 Central open space in Tufu
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Summary

All feature classes except for ditched terraces wesgvady identified in Tufu. The
spatial patterning of each feature class is similar to those in A’ofa, and feature variability
between the two zones is not significantly different. Twohd#ind-parcel complex variants
can be distinguished, those constituted by multiple brancheso(ke) and those that are
single branch features. Parcel size generally decedéte increased distance from the centre
of the zone. All field observed single branch featureswdhin 75 m of the centre. Terraces
decrease in size as elevation increases, with fouredarthest terraces located in a central
seaward position. Additionally, terraces lacking coral on taifaces are generally located
inland of those possessing coral. A central open space teditilathe zone between the
seaward most terracing and a prominent ditch-and-parcel eomptwork. Depressions in
Tufu were not consistently recorded making inferences dbeittnature problematic.
Nevertheless, like A’ofa, two forms were identified, those with and without basalt or coral

edging.
Feature Analysis and Functional Interpretation

In this section, features from A’ofa and Tufu are examined as one dataset in order to
present some functional interpretations. General pat@frmorphology in each zone were
identified and discussed above, but combining both datasets &dowsmore confident
evaluation of these findings based on a larger sample Iisitge case of depressions,
however, only the A’ofa dataset is considered because of uncertainties associated with the
Tufu dataset. The arguments regarding function are baspdrfmnmance modeling and
empirical observation. In each case, interpretations pegsaine compared to similar features

that have been identified on other islands of the archipela
Ditch-and-Parcel Complexes

Aggregate features that include ditches and other efeni@ve been identified
throughout the archipelago (e.g., Clark 1989; Clark and Herd8&8, 1993; Davidson
1974a,b,c; Quintus 2012). Ditch features and groups of featureimclbde ditches have
been interpreted as defensive features (e.g., Clark anddHedd®93:163), paths (e.g.,
Davidson 1974a:239; Quintus and Clark 2012:283), or agricultural protestidrainage
devices (e.g., Davidson 1974a:239, c:157; Ishizuki 1974:49; Quintus 2012:136).
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If ditches were used as paths on Ofu, they would be unikelyfite gercels.
Addtionally, the general ditch size and downslope bunds wouldbeawokecessary if employed
as such. If used as defensive features, ditches would bdineare stretching the length of
the seaward portion of each HFD zone to provide protectionathsthe spatial distribution
of parcels defined by ditches provides litle defense forfeatyre, residential or non-
residential, in A’ofa or Tufi. Therefore, the internal complexity (Fig. 6.39) and spatial
distribution of ditch-and-parcel complexes on Ofu excludes primary use as paths or

defensive features.

To gather more evidence relating to function, hydrologicatleting was conducted
on ditching associated with Parcels 7, 8, and 9 utilising Arc@d&logical tools and the
Manning Equation described in Chapter 4 (whereas k ¥3Isym = 0.024, A= 1.26 P =
423 m, R=A/P =0.30m, and S =0.22) (Fig. 6.40).

0= %AR2/3\/§

Estimated volumetric flow rates (Q), a measure of discheagecity, indicate that
ditches could transport as much as flofwater per second (roughly 10,000 lires of water
per second). These results ilustrate the capacity af ithizshes to drain water. As a heuristic
comparison, Table 6.8 presents the peak discharge amounts of 1% siretim island of
Tutuila (Wong 1996; average discharge is significantly hwelost of these streams act as
drainage points for large watersheds, which is not the afaditch-and-parcel complexes on
Ofu. Even so, the drainage capacity of the scanned compléduas greater than or roughly
equal to four of the 11 streams for which peak drainage capeadtycalculated (36 percent).
This indicates that the drainage efficiency of thesrapogenic ditches was on par with

natural drainages, and they could effectively transpotérnnwander peak drainage condtions.

By feature definition, parcels are not flattened, terracegaved (Fig 6.39 ilustrates
the sloping nature of typical parcels, which have a mininglope of ~15 degrees). Even
when portions of the parcel are modified in some way, tetracdattened land constitutes a
minimal proportion of the parcel, in every instance leas #0 percent of the parcel area.
When terraces were identified downslope of ditch-and-pamoeiplexes, the extent of the
ditching did not fully encompass the terracing, an example being Feature 19 n A’ofa and
Features 18 and 32 in Tufu. Rather, if it was not for depresebitke end of some ditch

branches, water would be transported onto terrace surfadbssdf features defined
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households, multiple feature classes would likely be repgesbenthin eachditch-and-parcel
complex. Additionally, ditch-and-parcel complexes were not @edcwith all terraces,
especially the networks of ditching in seaward positons (@agcels 14-17 in Tufu and
Parcels 227 in A’ofa). These attributes imply that their primary function was not as
residential features, nor was it to define household groups.
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Figure 6.39 Slope map of ditch-and-parcel complex Parcels 7, 8, and 9

Given the above evidence, | propose that ditch-and-parcel cespkeere water
control features where parcels served as cultivatiors. gldltivation is one of few activities
that could be undertaken on such sloping ground and would teees$iseé construction of
ditches. Ditches are oriented or are curved downslope, somengidsith decreased
elevation, a shape which is conducive to allowing slope andygta transport water around
parcels. Al open ditch ends terminate at lower elevations ttie top of ditches, downslope
of parcels, from which many drain into stream courses ariiffisf (68 percent) or, perhaps,

into depressions. Ditch bunds do not include any opening, whitiuges the transference
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of water into parcels. Therefore, the ditches and parcatisath part of this feature type acted
as drainage not irrigation features. Assuming drainagexadss water, these ditches were
most likely utlised to protect herbaceous cultigens and sailparcels from excess run-off.
The cross-slope ditch components of each complex situated upstoipebly decreased run-
off to the extent that soil erosion was reduced on parcelntiadly, this could increase the

long-term, decadal or longer, productivity of culivated spaces.

These features probably also served additional functiongnGne size of ditching (~
4m wide and ~.50 m deep), they would likely have the abilty ajo diebris flows or
landslides moving downslope. Boulders, several quite large éter in diameter), were
found in many ditch elements during survey, whie upslagpsions of some ditch-and-parcel
complexes were observed to be completely infilled by post-useesgdiion. These might
not have demarcated entire households, but ditch-and-pamoglexes created permanent
plot boundaries. This configuration could be managed moreiedigcthan unmarked
shifting cultivation plots, a situation argued for permanent boundaries in Hawai’i (Allen
2004:219) and Anuta (Yen 1973). Given the very modest evidence pretbence of a
possible post mold or root or tuber cast in profile of one ditch bund (A’ofa Parcel 3), it is
possible that fences were buit or crops were planted atopliituds. This latter practice is
one that stil occurs today on ditch bunds buit along sseamthe coastal flats to protect

crops from flooding.

Finally, there appears to be differences in the labour @dett construct different
types of ditch-angarcel complexes. When the datasets from Tufu and A’ofa are combined,
the mean length of ditches that form networks (205 m; n =Sfiistically greater than those
that form single features (79 m; n = 21) (t-stat = 4.74; p = 0.001; twastaiming unequal
variance), with no overlap between lengths (Fig. 6.41). Usisgdata, the average volume
of dirt removed to construct these earthen modifications 44831 for each network and
159 nf for each single branch feature, with volume calculasd. x W x D, assuming an
average ditch width of 4 m and depth of 0.50 m. For the largestathittiparcel networks in
Tufu and A’ofa, approximately 660 m> and 694 of earth was moved. These findings imply
that the construction of different types of ditch-and-plakomplexes required different levels
of effort.
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Figure 6.40 Flow accumulation model based on a TLS derived DEM of the ditch-and-parcebmplex constituted by
Parcels 7, 8, and 9. White indicates increasing flow accumulation

Table 6.8 Peak discharge of 11 streams on Tutuila (data from Wong 1996), and modelled archaeological ditch

Number Name Maximum Discharge (m?/s)
9442 Papa Stream 46.4
9120 Pago Stream (Afono) 38.2
9310 Atauloma Stream 23.1
9060 Vaitolu Stream 22.7
9315 Asili Stream 18.0
9480 Afuelo Stream 15.1
9205 Aasu Stream 14.1
9335 Leafu Stream (Leone) 11.3

This Study Parcels 7, 8, 9 11.0
9175 Leele Stream 11.0
9600 Alega Stream 6.6
9639 Leafu Stream (Auasi) 6.6

213



400

B $
w0 300

(=

£

S

£ 200 ‘
[remy

o

L

£ 100 ‘

[ =

()]

—

0 1 2
Single Branch (1) and Networks(2)

Figure 6.41 Total length of ditcresof each single ditch (1; n = 21) or individual network (2; n = 9).

Terraces

The primary functional distinction in the terracetdiea class is between those that
served residential functions and those that did not. Réaldésrraces formed a primary
iving floor, on which one or more structures for everyday déenestivity could be erected.
Non-residential terraces did not form a primary living fl@md probably never supported
large, permanent structures. Certain domestic actiMikiely occurred on these latter
features, such as eating or limited cooking, but they arelegis¢d to have been used more
ephemerally. The identification of residential terracimgartially based on the presence of
sub-rounded coral paving indicative of a house floor, a varjpli@osed by others for
terraces in Manuw’a (Clark et al. 2012:8; Quintus and Clark 2012). This variable is
supplemented by considering feature size. Specifically, a siwgevariable paradigmatic
classification scheme was defined by studying the étéon of the five size classes of
terrace surface area with the presence/absence ofaesting 10 classes (Table 6.9). These
classes were compared to terrace location to further aeeetisnal and spatial differences
(above or below a threshold based on the approximate location weeagea slope exceeds
~15 degrees; 100 masl in Tufu and 130 masl in A’ofa). Functional interpretations are
presented based on these results. The following functisssdssments are generalisations
about each class as a whole. The majority of featuresnvétch class probably share the

function, but a definitive functional assignment cannotribde for each feature individually.

Features within Classes 1N (n =19), 1C (n = 15), and 2N (n = 9) aedatdlely
small (all under 200 fin surface area), and those in Class 1N and 2N lack cotheion

surfaces. Features within these classes were iddnit higher elevations more frequently
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than features in other classes (Table 6.3, 6.6, 6.9). One hundredt pérCéass 1N terraces
are found in the high elevations of each HFD zone (>100 masl, Tufu; >130 masl, A’ofa; pomt
where average slope exceeds ~15 degrees), and the maj@iys®f2N terraces are as well

(5 of 9; 56 percent). The lack of coral implies the absence @dra tind their small size
precludes the construction of permanent domestic strectlifese attributes of Class 1N and
2N terraces are consistent with a non-residential fumctidis evidence is consistent with the
proposition that non-domestic activities occurred in higlvaétens and steep slopes. Features
in Class 1C, especially those located on parcels (e.g., A’ofa Feature 103) or in high elevations
(e.g., Tulu Feature 61), might have been non-residential lasaséheir location implies

close association with areas of cultivation. However,aat lsome appear to have been used

for more permanentesidential activities (e.g., A’ofa Feature 8).

The specific function of non-residential terraces resnainclear, but they could have
been used in multiple ways. On other islands of thepalelgio, these have been interpreted
as field shelters for those cultivating slopes (cf. modern buts) based on size, lack of
paving, and spatial distribution (Clark 1989:139; Clark and Herdr&®$3:168; Quintus and
Clark 2012:291), defensive structures based on location (Best 199%tBés1989; Clark
and Herdrich 1993:164), and cultivation plots based on size, locatidnaek of paving
(Cochrane et al. 2004; Quintus 2012). None of the current exawpl€Xu lend a defensive
advantage. The differentiation of terraces used as tigtiveplots and those utiised as
temporary field shelters is more ambiguous, especially avinodest excavation sample (n =
2; see below). If used as cultivation plots, multiple buyari or evidence of churning would
be expected. Such evidence was not identified in ettherexcidvated into Class 1N terraces
(A’ofa XU-9 and 10). Furthermore, the spatial distribution of theseré=satis not consistent
with a terraced cultivatiorsystemwhich is expected to be clustered in a staircase-lke
pattern. Only 12 percent of the area above 100 masl is teliratiesl Tufu detailed survey
zone (3,340 mof 26,650 M), hinting that terraces, if cultivated, were part of lavialcycle
that included the surrounding slopes. The conservative atadivie interpretation is that
many features in these classes were used as tempesamgreas or field shelters for people
cultivating the slopes. Cultivation is a strenuous agteten in fiat slopes. Locations in high
elevations denote steep slope, which makes cultivation difécelt. Particularly when
performing activities indirectly related to cultivation,cBuas food preparation/eating or
simply resting, a flat area is useful. These are a ubiguitcharacteristic of the modern Ofu

agricultural landscape, even when gardens are closeatgesill
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Table 6.9 A paradigmatic classification of terraces on Ofu

Class Definition A'ofa Tufu Prop. of No. and Prop. above No. and Prop. above Functional
(Size Class; P/A Coral) Number Number Size Range 130 masl in A'ofa 100 masl in Tufu Classification
IN 0-100 m?, No Coral 8 11 0.56 8 (1.0) 11 (1.0) Non-residential
1C 0-100n®, Coral 5 10 0.44 1(0.2) 4 (0.40) Mixed?
2N 102-200 n?, No Coral 5 4 0.36 2(0.9) 3 (0.75) Mixed?
2C 101-200 n®?, Coral 11 5 0.64 1 (0.09) 2(0.4) Mixed?
3N 201-300 m?, No Coral 1 1 0.08 1(1.0) 0 (0) Residential
3C 201-300 n®, Coral 13 9 0.92 4(0.31) 4 (0.44) Residential
4N 301-400 m?, No Coral 0 0 0 NA NA Residential
4C 301-400 m?, Coral 4 6 1.0 1 (0.25) 0 (0) Residential
5N 401 m? +, No Coral 1 0 0.17 1(1.0) NA Residential
5C 401 m?+, Coral 2 3 0.83 0 (0) 0 (0) Residential
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Coral paved terraces with a surface areas of over fG0avinterpreted as residential
features, given the coral indicative of a floor and thetantsl size of the features
suggesting the past presence of structures (Classas 204), 3N (n = 2), 3C (n = 22), 4C
(n =10), 5N (n = 1), and 5C (n = 5); no terraces meet the crite@lass 4N; Table 6.9).
Coral was absent on only three terraces with surfaces aneer 200 Mm(5 percent), and only
23 percent of coral paved terraces over 18@ma located in the high elevations of Tufu and
A’ofa (12 of 53). This latter evidence is consistent with low elevatidreing associated with
residential activities. Class 2C (n = 16) terraces, espedlia larger examples, were likely
residential, given their location in low elevations and the presence of coral paving (e.g., A’ofa
Feature 66, 70, 104; Tufu Feature 36 and 66), but a non-residential nfua€smme of the
smaller examples in the higher elevations cannot bd miit. The three terraces with surface
areas over 200hat lack coral paving also might have served non-regidiefinctions.

Excavation must be used to examine the function of these.

Further functional differentiation of residential teing is possible in some
circumstances. Surface area and height are often thiecrtioal attributes in reference to
status (Holmer 1980), whie size, spatial layout, and paving baen utilised by
archaeologists to differentiate between sleeping structgrest houses, and cooking houses
in Samoa (e.g., Davidson 1969; Holmer 1980; Quintus and Clark 2012). Fesaarch,
specifically excavation, is needed to define areas of cookmgslaeping activities, but some
preliminary interpretations can be proposed relating to pdtestéitus architecture based on

size and location.

In Tufu, the four seaward-most terraces are some ddithest in the project area
(Features 1, 37, 40, and 80). With a collective average area of 435ymérehgouble the
average size of other terraces with mixed coral andtbgesahg. Even with this small
sample size, this difference is statistically sigaifit (i-stat =-3.12; p = 0.05). On each, coral
paving is dense, indicating their clear association vesidential activities, and smaller
residential terraces are located immediately inland. In A’ofa, Feature 19 is a large structure
with a dense paving of coral and basalt (630 ffhis feature is near the mean centre of the
A’ofa HFD zone, within ~40 m, which is very close when considering the entire HFD unit
spans an area of ~49 ha. Another terrace in A’ofa, Feature 101, is unique in terms of size

(465 nf) and surface modification. When the group of terraces efesgaputuputu Stream
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are taken as a unit, this terrace is centrally locatsédoan linear distance from the western

boundary and the stream (measurements presented above).

Important features were often positoned seaward and reaetitre of settlement
units according to ethnographic and archaeological evideooe disewhere in the
archipelago (Davidson 1969; Quintus and Clark 2012; Shore 1982, 1996).eln thes
descriptions, status is equated with a central or seawatibigcand, as such, these locations
are the most likely place to identify status architectukleernatively, structures built in these
spaces could be communal or famigig@) based, akin tdale tele(guest or meeting houses),
which were situated directly behind thealaein modern and historic times (Davidson
1969:63-65). In relation to the archaeological rectatt teleand status architecture are
hypothesised to be distinguishable from each other and from osieental terraces by
their general size as well as their spatial locatBfark and Herdrich 1993:152; Davidson
1969, 1974a; Holmer 1980). The four large terraces in Tufu and two large terraces in A’ofa
do indicate that some of these patterns exist in both zoregriation is present. In Tufu,
the four large terraces are both the seawsust-terraces and centrally located. In A’ofa, the
large terraces are centrally located, but not the seamast terraces. Stil, the size and
spatial distribution of the four terraces in Tufu and the two terraces in A’ofa are consistent
with a functional interpretation as status or commumahitacture. Variation could reflect

different manifestations of spatial organization (seevbel
Circular Depressions

Depressions are found throughout the archipelago and haweabsigned multiple
functions. Depressions/pits identified on the western islands of the groups, ‘Upolu and
Savai’i in particular, have been interpreted as umu tj water storage devices, barrow pits,
cooking pits ¢mu, and food storage pitsn@s) (Davidson 1974a:236-238; Holmer 1980).
Similar functional interpretations have been proposed foredspns discovered on Tutuila
and Olosega (Clark 1996; Quintus 2011:95-@8yu tihave been distinguished from more
common ovens by the presence of a raised earthen rimjatigeir size, and the degree of heat
alteration to soil and cooking stones (Carson 2002; Davidson 1974aerHb®80), often
identified by Samoan informants as such. The identifioatd storage pits has been more
tenuous, though the presence of stone around the rim pi tmight signify such a function.
In Anuta, Yen (1973:122) recognised storage pits by a layer @&fsstbat compressed the

contents of the feature, and in Samoa, modern (Cox 1980:182) aatisttiric examples
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(Kramer 1902-03, Vol. 11:179; Ragone 1991:208-209; Turner 1984:193) were cavered i
stone. Archaeological examples in Samoa are found associgitedtome boulders, either
lining or edging the feature (Hunt 1993:26; Kirch and Hunt 198@8&1). To assess the
function of depressions on Ofu, a simple two-variable paratigntlassification scheme was
defined by intersection of depression diameter and the pefabeence of a stone edge,

highlighting six classes (Table 6.10).

The variability of depressions identified on Ofu indicateat tmultiple functional
types are present. Only evidence from A’ofa is considered i this discussion given the lack of
precise data from Tufu. Most of the basalt and coral edgedstigms are small, less than 3
m in diameter (12 of 19; 63 percent) (Table 6.4; 6.10), and are geresatciated with
residential terraces, either located on or within 10 m (8 of Hl stones edged depressions).
No fire alteration was observed to any of the basalt or coraldrsuhssociated with these
depressions, which is evidence that these stones weusewtor cooking activity.
Furthermore, the use of coral, an inferior heating stooejdwbe deleterious tbh cooking,
which needs constant high heat (Carson 2002:342). Based enideisce, many of these
stone edged depressions might have functioned as storagesdé&ione edged depressions
associated with features other than terraces, spdgifit@be near aitthed terrace in A’ofa,
might have been communal storage devices, based on thikafaditched terraces may
represent ritual or ceremonial functions (Quintus alatk012). This does not preclude the
use of depressions without an edge as storage device, Clasgl PNl especially, but there is

no empirical evidence indicating such a function.

To further explore function, the volume of edged depressiancaiaulated as the
volume of a cone, Vzr’h/3. Though calculating volume as a cone does resutt in an
underestimation of total capacitty, it is justified as nuegpressions had a tapered profie.
Furthermore, infilling has resutted in the measuren@rghallower depths than what was
present during prehistory, and these calculations shouldobght of as very conservative.
The total storage capacity calculated for the 19 edged depressions in A’ofa is 21.07 m® (Fig.
6.42). The volume of individual depressions ranges from 0.21 to 5,7vemraging 1.17 tn
(s.d. = 1.24 1}). The largest depression, Feature 83 located atop a residemtae, is a
statistical outlier (z-score = 3.70). The second largest depre@Seature 87) is located
within 5 m of a ditched terrace. In all cases, the measwiidhe of stone edged depressions

is far less than any recorded volumeuofuti in Samoa (Carson 2002:351).
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Table 6.10A paradigmatic classification of depressions on Ofu. Relationships with other features based only on the A’ofa dataset

Class Definition No. No. Proportion On Terraces At Ditch End Associated w/ Possible
(Size Class; P/A Edge) (A'ofa)  (Tufu) of Class A’ofa Only A’ofa Only Ditched Terraces Functions
(Proportion) (Proportion) (Proportion)
IN 2.0-2.9 m; No Edge 9 13 0.58 6 (0.67) 0(0) 0 (0) Refuse Disposa
Masi Pits
1E 2.0-2.9 m; Edge 12 4 0.42 6 (0.50) 0 (0) 2 (0.17) Masi Pits
Ovens
2N 3.0-3.9 m; No Edge 12 3 0.71 3 (0.25) 1 (0.08) 0 (0) Refuse Disposa
Masi Pits
2E 3.0-3.9 m; Edge 5 1 0.29 1 (0.20) 0(0) 0(0) Masi Pits
Ovens
3N 4.0 m+; No Edge 7 2 0.75 1 (0.15) 2 (0.29) 0(0) Sumps
Refuse Disposa
Water Storage
3E 4.0 m+; Edge 2 1 0.25 1 (0.50) 0(0) 1 (0.50) Masi Pits
Ovens
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Figure 6.42 Estimated volume of stone edged depressions in A'ofa

However, the one coral and basalt edged depression excavatadréF98, XU-8; see
below) apparently was utilised for an alternative fumct@s well. Fire-cracked rock,
charcoal, and evidence of intense burning were identifistl bglow the surface of the
feature, though the stone around the edge of the feamsenat fire altered. These findings
do not preclude its use as a storage device, but it does suggestohe edged depressions
had more complex use-lives, or some simply were ovens. Aiterhya the presence of
unburned candlenut shell within this fire feature mighply that this activity occurred
relatively recently, and it may be that this activiynot a reflection of the purpose for initial
construction. This example demonstrates the dificultgrpmeting the function of

depressions, which have likely served several functiinte shey were constructed.

Depressions without edging are even more difficult to interf@dasses 1N, 2N, 3N).
Some of these features are located neaerth of a ditch branch (e.g., A’ofa Feature 26, 62,
and 90), and, as discussed above, water likely moved through dis$msated with ditch-
and-parcel complexes. Given this, water probably drained hietal@pressions sttuated at the
end of these ditches. These depressions could have been dmgpdosemps to gather drained
water and sediment, the depressions used to protect ssudwmensiope of ditching (e.g.,
residential terracing). If this interpretation is aete, it hints that terracing located
downslope of ditching was buit later than the ditches. Wherterraces were buil, it
became necessary to construct depressions to protect therwdtemand sediment draining
from the ditches. Alternatively, these depressions could haen used to collect and store
water. No permanent streams flow in the interior of Orfigl @0 permanent water sources,

other than wells on the coast, are available on thel igdnough there are reports that a
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spring exists in the interior uplands, see also Clark 1986#6chi 1963:74). One potential
way to differentiate these functional possibilities & ihentification of some sort of lining,
clay or banana leaves, which would have reduced the perigealbithe feature. Lining
would be needed to collect and store water, but would be detrimtertiag¢ function of

sumps.

The only non-edged depression that was excavated yieldeck daty@r of marine
fauna, which included shell, fishbone, and sea urchin spine (A’ofa XU-3; see below). The
depression may have originally been utilised for anothetidum but it was also used as a
refuse pit at the end of its use-lfe. Some depressionshanay functioned in a similar way,
principally those in proximity to residential terraces. @thearticularly those located on

terraces, are lkely associated with cooking activities.
Ditched Terraces

A small number of ditched terraces were identified on Qfuintus and Clark (2012)
have argued that ditched terraces served a ritual/ogriamfunction based on the presence of
coral gravel and flat coral paving, the presence of othere mmique, structural remains (i.e.,
upright stones), and their bounded nature (by shallow ditchifigee features meet these

criteria, all in A’ofa, but no further evidence was obtained relating to their function.
Central Open Spaces

One area in Tulu meets the criteria of a central spackefined at the beginning of
the chapter. No structures that represented domestiityaci®re identified across an area
that was otherwise habitable, though a few depressions nater@. The area devoid of
structural features is much larger than needed byla sifomestic unit, extending over a
space of ~5400 MFinally, the space is bordered by multiple structures, &oge Iresidential
terraces running parallel upslope and a large ditch-armmklipaetwork downslope. This
configuration is comparable tof@&nd 28" century AD examples ahalae In ethnographic
descriptions,malaeare open vilage greens within settlements (e.g., Mead 196Shte
1982:48-51). These can either be the most seaward featutes satlement or can be
located in a central space; in both instancesntht@aeis surrounded by other features. The
most prominent residential features, specifically the coramor status architecture, are

alwayssituated adjacent to this space (Shore 1996).
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Changes in the function of central open spaces haVe fikezurred since the end of
the prehistoric period, making direct functional equivocatimtween archaeological and
historic examples suspect. However, some functions were pyoffabied signalled by
similar morphologies and spatial distributions. According toodistoric and ethnographic
sources, thenalaewas the focal point of vilages, the locus of communabligct{e.g., Mead
1969; Pritchard 1866; Shore 1982:48-51; Stair 1983). That this archaeolegaaple is
situated in a central location seaward of four large desraone of which was the largest

recorded in Tufu, hints that the space was a focal poinbrofnoinal activity as well.
Synchronic Inland Archeological Feature Patterning

The archaeological landscapes of the interior uplandsfiofi@ cumulative buit
environments or palmpsests of past activities. What is dooedhesm the surface might
never have been utlised contemporaneously, or was ribtcasgemporaneously until
immediately prior to abandonment. The palimpsest effectepiesome interpretive
difficulties without a robust chronology or relative datinghtégue. Since this is lacking for
Ofu, though some dates were obtained on select featusssclinzone (see below),
assumptions must be made regarding the importance of thevaabspatial patterning of

features. This section discusses the synchronic patteohingchaeological remains on Ofu.

Within each detailed survey area, the same major éeatasses were identified:
depressions, ditch-and-parcel complexes, and terraces. Tihe aaeach feature class was
similar across the island. The difference of averageepame and ditch length and parcel
size of ditch-and-parcel complexes was not statisticagyifisant betveen A’ofa and Tufu.

In both, posttions directly seaward of the mean centre argiedcby ditch-and-parcel
networks, the largest such features in each zone, @ed jparcels are situated farther from
the mean centre of each zone. The dataset of terraeashrzone are also markedly similar
(Fig. 6.43). Terrace size increases as elevation decreases in both A’ofa and Tufu, and coral
was more likely to be found in low elevations. These findingicdte that, as a
generalisation residential terraces (Classes 2C, 3C, 3N, 4C, 5N, 5C) are sisedgdrd of
non-residential terraces (Classes 1N, 1C, 2N). In Tufu, foye lerraces, one being the
largest recorded, are the most-seaward of terraces andreeiately inland of a large area
devoid of structural remains (central open space). Theseds occupy a position seaward
of the mean centre in the Tufu zone. In A’ofa, one large terrace is located near the mean
centre of the unit and another is located between a stiedrthe western boundary. Finally,
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in both units, a zone of economic forest is located seawardawieaor zones of secondary
forest. These similarities hint that Tufu and A’ofa are part of separate settlement units or

nu'u.

Ethnographic and early historic descriptions of Samoan rsettle units emphasised
two interacting spatial dichotomies: centre: periphery aad land (Shore 1982). Both of
these can be thought of as graded relationships, not staciebir(Shore 1996:270). In
Shore’s (1996:270) words, the center: periphery relationship, “defines a symbolic space in
terms of a central viewpoint that looks out at a world defined drgadually diminishing
gradient of dignity and order”. The centre and sea are associated with status and rank (Shore
1982:80, Fig. 5.1). The bush, on the periphery and inland of the occupstioouble and
away from the control of society (Shore 1996:270); the realrhedditu (spirits) (Shore
1982:49). Different structures are associated with differeeasanf the village, areas which
augment the perception of, and give meaning to, those stsicflhemalae,given its
location in the centre or directly seaward of the cevirine village, is considered communal,
the focus of group activity and the focal point of theesattint (Shore 1982:48-51). Thale
teleare situated directly inland from timealae and serve as the meeting places ofdm
and reception areas for honored guests (Davidson 1969:63-65). ¢leepses, cooking
houses, and gardens are located to the inland periphentleshieets. These spatial patterns,
Shore (1996:267-268) has contended, extend into the prehistoric pesemt dvathe intial
European descriptions of Samoan vilages, and Kirch and H@6B6b:18) have argued that

the ubiquity of the seaward: inland distinction in Polignds evidence of its antiquity.
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Figure 6.43 A comparison of terraces size between Tufu and A'ofa
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The spatial distribution of archaeological features in Tufu and A’ofa is consistent with
the above spatial concepts. In both areas, non-residentiateterare generally situated inland
of the residential terraces. The seaward-most featureach zone are large ditch-and-parcel
complexes, a position that perhaps reflects social importaree distribution of vegetation
in each area marks a spatial dichotomy in that economictatélegeis situated seaward of

secondary forests, potentially reflecting the division difiac zones.

However, differences are apparent. In Tufu, the four seamasd terraces are
statistically larger than other residential terraice$ufu, and they are situated directly
seaward of the centre of the HFD zone. These terraedsufiered from the large seaward
ditch-and-parcel network by a central open space. The spatdibn of these terraces is
evidence of theirsocial prominence. In A’ofa, the largest terraces are not the most-seaward,
but they are approximately centyallocated within the A’ofa HFD zone. This distribution,
too, is evidence of the social prominence of these terracedpési reflect different uses of
space. These differences indicate that the formation obf zZEmne was a variable process,
perhaps influenced by the interaction of different percéptuacepts of space, but also by
environmental and other cultural factors. What is also app&rdoth zones is the mutability
of general activity areas. Ditch-and-parcel complexdschwikely functioned as cultivation
spaces, are distributed amongst residential features. Thttiligzt does exist in the
distribution of different activities signifies the difience between ideal and realised spatial

patterning.

Modest evidence also hints at smaller scale feature ggsug@s well, though these
are much more uncertain and require additional fieldworkoidire. Depressions were often
identified in the vicinity, or on the surface of, terraces. Using the A’ofa dataset, eight of the
12 Class 1E depressions are located on or within 10 m of terracté® €ght terraces on
which edged depressions are located, six are paved with @ ooral and basatlt. Only one
of these terraces was a Class 1N terrace. Additionallgprime cases, ditching was associated
with residential terraces. Of the 13 field observed singlechrditch-and-parcel complexes
in A’ofa, eight are located within 10 m of a residential terrace, and distributional data was not
sufficient to evaluate this claim for another. In Tulidi,the four single branch field observed
ditches, terraces are situated within 10 m downslope of thitdegt Parcel 8. However, coral

was not found on two of these terraces. Nevertheless,rdbpirgy of depressions, terraces,
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and, in some circumstances, ditch-and-parcel complexesrapegsent households. Data

available to explicitly identify these social units @&t get available.

Whie spatial patterns have been proposed in the synchrachiaealogical landscape,
these probably were not present when the interior uplands init@lly used for residential
activities. To begin to address the formation of theserpsftedench excavation was
conducted. Specifically, these excavations were targetedidtess questions relating to the
chronology of interior settlement, the chronology of individugdtdre classes, and the

chronological relationships between feature classes anddretdfeD zones.
Excavation of Interior Features (Tufu and A’ofa)

A combined total of 18 0.5x0.5 m test units were opened in th@inigplands of
Ofu (Tables 6.11, 6.12), ten units within A’ofa (Fig. 6.44) and eight within Tufu (Fig. 6.45).
Of these, nine were into ditch elements of ditch-andgbatomplexes, seven into terraces,
and two into depressions. All were excavated utilising pick shovel, with troweling
restricted to cleaning walls and floors. Testing was targetekamine sections of features
unlikely to yield artefacts but likely to yield charcoadttitould date feature construction or
landscape use prior to feature construction. Excavatiosiaisea meant to gather stratigraphic
information and geomorphological histories that would aidtérpreting feature function
(see few references to excavated examples above), butakiglificult because of the
paucity of stratigraphic changes observed during excavatiensediment was screened,
gven a goal of dating feature construction, the chaistite of the soil, which were wet
clays, time constraints that would not allow the processingpils, and difficulties in
transporting screening equipment to these interior zonets. Ware terminated below the

point at which particulate charcoal was no longer pregetitei matrix.

Below is a short discussion of each unit. In cases wdteailigraphic changes were
observed, a short description is provided, which draws attentioomaitich changes were
defined. Most layer boundaries were difuse, based on the presieaddgher frequency of
charcoal than other areas of the deposit. Charcoal fogda#is taken from these dense
concentrations of flecking, or from the transition betweeatigraphic units when those were

identified in profie.
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Table 6.11 Summary of test units dug in A'ofa

Unit  Depth (cmbs) Presence and Nature of Matrix Change Contents Dated?
XU-1 60 Stratigraphic change, layer of particulate charcoa Charcoal Yes
XU-2 60 Uncertain Charcoal, basal retaining wall No
XU-3 100 Layer of marine fauna Charcoal, marine fauna Yes
XU-4 30 None Charcoal, angular basatlt, basalt flake No
XU-5 80 Increased compaction toward bottom? Charcoal Yes
XU-6 90 Increased compaction toward bottom? Charcoal Yes
XU-7 50 Stratigraphic change, layer of particulate charcoa Charcoal, angular basalt, coral Yes
XU-8 50 None Combustion feature, angular basalt, charc No
XU-9 60 Stratigraphic change, layer of particulate charcoa Charcoal, basalt retaining wall Yes
XU-10 60 Uncertain Charcoal, basal retaining wal? Yes

Table 6.12 Summary of test units dug in Tufu

Unit  Depth (cmbs) Presence and Nature of Matrix Change Contents Dated?
XU-1 60 Layer of particulate charcoal Charcoal, angular basalt at bottom  Yes
XU-2 55 Layer of particulate charcoal? Charcoal, angular basalt at bottom  No
XU-3 50 None Charcoal, angular basatt No
XU-4 60 Layer of particulate charcoal Charcoal Yes
XU-5 60 Stratigraphic change?, layer of particulate charcoal Charcoal Yes
XU-6 60 Changing frequency of basalt, layer of particulate charc Charcoal, angular basalt, coral Yes
XU-7 80 C-horizon? Charcoal, angular basalt, coral No
XU-8 60 More compact below basalt retaining wall Charcoal, basal retaining wal? No
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Figure 6.45 Distribution of excavation units in Tufu stream
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A’ofa

XU-1 was a 60 cm deep unit located in a bund of a ditch-and-parcedrketirarcel 27).
Charcoal was identified at all depths in excavation, thougi collected below 10 cmbs. A
stratigraphic change, perhaps marking the lower boundary wf dreate the ditch bund, was
identified ~40 cmbs (Fig. 6.46), characterised by larger clagticlsding decomposing
basalts. Multiple charcoal samples were collected frosnldiyer interface and one sample
was dated (Beta-366724, AD 1690-1924).

Figure 6.46 Excavation trench profile of XU-1. A slight Stratigraphic change was noted nedéne bottom of the
measuring tape, which itself marks the point at which charcoal was collected for dating

XU-2 was an excavation unit dug into a terrace with deoss paving located in the

western thirdof the A’ofa HFD zone (defined as Terrace 74 in 2012, not revisted in 2013).
Charcoal was identified throughout the excavation, but collgcted from around a one
course high retaining wall at the front of the terrdeig.(6.47). Charcoal for dating was
identified beneath and abutting the inside edge of thismirggawal. No charcoal was dated
from this feature.
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Figure 6.47 Retaining wall that was excavated as part of XU-2

XU-3 was a unit dug into a large depression located near ttre odrihe HFD zone (Class
3N; Feature 76), within 10 m of two large terraces with comdll@salt paving. A 50 cm
thick layer of shell (consisting dfurbo, Cellana Trochus and Tridacng), fish bone, and sea
urchin spine was encountered at 40 cmbs of the depressiors.4/8y). No lensing was
present within the deposit, suggesting that the mateasl discarded over a short period.
Charcoal samples, as well as two sriaidacng were colected from the top and bottom of
the layer for dating. One charcoal sample, from the bottotimsofayer, was dated (Beta-
372702, AD1652-1917).

XU-4 was an excavation of a possible surfaceu(oven), consisting of what appeared to be
multiple fre cracked stones in a heap, on a terrace withisibde coral on the surface (Class
5N; Feature 6). Little charcoal was noted, and it appearséesd of an oven, the small

pile of stone and soil was a natural feature. Neverthefmsie charcoal was collected near
the bottom of the pile and a basalt flake was discovered ardtedl No charcoal was dated

from this feature.
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Figure 6.48 Marine fauna in XU-3

XU-5 was an excavation unit dug into a ditch bund of a ditchgeamdel network inland of
the catre of the A’ofa HFD zone (Parcel 9). This complex was the southernmost ditch-and-
parcel complex identified in the zone, and is located ontdlapast slopes of any of these
features. In the excavation, charcoal was first idedtifat 19 cmbs, with a higher
concentration present around 40 cmbs. This concentratio pathssiaround 70 cmbs, at
which point charcoal was very rare or absent. One charaoalles was dated from this
context (Beta-372703, AD1695-1919).

XU-6 was an excavation unit dug into the upslope ditch bund ¢étaand-parcel network
located near the cliff edge at the northern extent of A’ofa (Parcel 23). Charcoal was identified
throughout the bund, increasing in density around 40-50 cmiagicht time the surrounding
matrix became more solidified. Datable material was notddcalected as deep as 80 cmbs,
though. The one sample dated came from inside the ditch,onottlfie bund, and returned a

modern age.

XU-7 was an excavation of the upslope bund of a ditch-and-psirggé branch feature
(Parcel 3), which was located east of Tafe Stream. Tiex nod the bund was looser than in
previously discussed ditch-and-parcel complexes, with thesion of small pockets of

coral. A small feature was identified in profie, whichgini be a post mold or, possibly, a
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root cast of a large tuber or a banana trunk (Fig. 6.49). A gtftigr transition was noted at
the base, with a large chunk of coral near the northdmn cfithe west (downslope) wall.
Charcoal was colected from the interface of this tiansiand was dated (Beta-354139, AD
1024-1155), though some charcoal and a coral slab were identified thsloransiton as

well.

A'ofa XU-7

6-7-13

Tree Root

Upright
slab
coral

Iron Oxide

BOH
55 ——

Figure 6.49 Western wall profile of XU-6. The dotted line outlines a possible post mold mot cast

XU-8 was an excavation of a basalt and coral edged depressited lowsar the eastern
boundary of the A’ofa HFD zone (Class 2E; Feature 93). Soon after excavation had
commenced unburned candlenut shells were encountered, tioradalia small burn feature
at the centre of the depression. This feature includgmificant amounts of charcoal, but also
continued to yield unburnt candlenut shel. Oxidised and sshyvas identified at the
bottom of the feature, and, from there, charcoal was colledteatharcoal was dated from

this feature.

XU-9 was an excavation of a terrace (Class 1N; Feature 23dbedove the high elevation
threshold of A’ofa (130 masl). After a possible retaining wall had been located, excavation
commenced to collect charcoal from the base of the storfeanstde edge of the wall,
which was accomplished. Additional charcoal was collected fidmand (or faint layer) of

charcoal ~40-50 cmbs situated below the retaining wall. i\tpihint, the matrix became
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more compact and a possible stratigraphic change was enedu(fay. 6.50). One sample
from this band of charcoal was dated (Beta-359272, AD 1224-1298).

XU-10 was an excavation unit dug into a small terraceenstaep slopes and high elevations
of A’ofa immediately downslope of a historic trailroad (Class 1N; Feature 78). Excavation

was undertaken around a possible shallow retaining waéiledtdant of the feature. Charcoal
was not identified in the unit untl 32 cmbs. The soil becghter and more compact ~39
cmbs, at which point charcoal was identified in, and colleatech, fa band, or faint layer,
similar to that identified in XU-9 (Fig. 6.51). A sample frons tband was dated (Beta-
359273, AD 1408-1452). Charcoal became rare to absent below ~45 cmbs.

Tufu

XU-1 was a unit dug into a ditch bund of a ditch-and-parcel netlwodted near the western
cliff edge of Tufu (Parcel 17). Charcoal was identified thhowt the bund, with a particular

high density between 35 and 45 cmbs (Fig. 6.52). Most charcoal sangyledaken from

this area and one was dated (Beta-366726, AD1498-1795). No stratigraphge<cltould be
identified, though, and no matrix changes (e.g., compactiomraexand colour) were noted

other than the possible faint layer of charcoal fleckingntioleed above.

A'ofa XU-9
%ree root
10 —
Layer |
20 —
30 — Charcoal
40 —| ."‘ .::'(:,: | \ . ..\—‘ . _...\_ ‘l.l\"u
"l'lo-"\u_ ‘,: s & O ey Y _\ .
M
50 Layer 17
60 BOE

Figure 6.50 Profile of the south (inland) wall of A'ofa XU-9 (depths at cmbs). This profile is repsentative of most
excavation units dug. Solid like is a stratigraphic change
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Figure 6.51 Profile of the south (inland) wall of A'ofa XU-10 (depths at cmbs). Solid line is a stratigphic change
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Figure 6.52 Profile of the south (seaward) wall of Tufu XU-1 (depths at cmbs). Note the presence odyelr of
charcoal, which may mark a stratigraphic change. This profile is broadly representative of theswith no clear

stratigraphic change but with a possible band or layer of charcoal
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XU-2 was an excavation unit dug into the upslope ditch bunddiétaand-parcel network
located near the southern slopes leading to the Tufu stieamel (Parcel 2). Similar to XU-
1, no stratigraphic divisions could be discerned, except for ameagpdagher concentration
of charcoal flecking. This one was identified at ~45-50 cmbs, fbith samples were

taken. No charcoal was dated from this feature.

XU-3 was a unit excavated into the upslope ditch bund of a ditttparcel network located
at the southern end of the detailed survey area (ParcBhe’ound matrix was compact from
the beginning of excavation, with angular basalt cobbles ribtedghout the unit. Charcoal
was rare, though it became more common as the unit wadegpgr until the termination of
the excavation at ~50 cmbs. Charcoal was collected from tlaroughe bund, but,
unfortunately, no layers or lenses of high charcoal dengte identified. This ditch bund, in
general, appeared to be lower than others, and it is possiblhehap of the bund had

eroded away. No charcoal samples from this feature were dated.

XU-4 was an excavation of a side bund of a ditch-and-parcek singinch feature located
near the upslope boundary of the Tufu HFD zone (Parcel 1(vd&ikin was conducted
through the side bund as the upslope ditch was partialigdnior the bund was partially
eroded. Given the location of the unit near the corneregb#iicel, an area in which ditches
were generally deeper in other features as well, tluaveied bund was higher than others
trenched. Charcoal was identified throughout the bund, gartg below 35 cmbs, but a
clear burn layer was identified near the base of exocavati ~60 cmbs, from which samples
were collected and dated (Beta-361291, AD 1042-1222) (Fig. 6.53).

XU-5 was an excavation of the upslope corner bund of a diclpar®i network (Parcel 1)
located near the northeastern periphery of the Tufu HFFB.ZzA possible stratigraphic
change was encountered ~30-40 cmbs, and the interface hehsse layers exhibited
charcoal fiecking. This flecking was collected and dated (BB&275, AD 1412-1468).
Addttional samples were taken from between 30 and 50 cmbs. The oéthe layer change
is dificult to gauge; though, it appears to mark the ex¢éfli used to construct the feature

gven the presence of decomposing basalts and a more compact mat

XU-6 was a unit dug at the front of a large coral and basedidpterrace located on the
northern side of Tufu Stream adjacent to a large depreiSlass 5C; Feature 83). Only a
modest amount of datable material was noted unti 35 cmbs,cit \whint a pocket, not a

layer, of sub-rounded coral gravel and charcoal was gentiMultiple pockets of coral
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gravel were identified elsewhere in the matrix ad Wdle densest concentration of charcoal
flecking was identified at ~55 cmbs, from which charcoal wdsatetl. A stratigraphic
change was difficult to identify and no retaining wall wasovered. Given the presence of
decomposing basalts in the first 20-30 cmbs, the top 30 cmbs maight been fil brought in
from elsewhere. The concentration of charcoal flecking, ndrd@b cmbs, may signify a
stratigraphic interface (Fig. 6.54). However, charcoal of alsld or economic species was
not be identified from this specific context, and only onepignirom 36 cmbs, was dated
(Beta-366727, AD 1039-1210).

XU-7 was a unit excavated into a terrace located to the sodfnfStream (Class 2C;
Feature 4). Charcoal was identified from near the grourfdcsurcontinued to be found until
termination of the unit at 80 cmbs, but was very low in dem&ar the bottom of the unit.
Pockets of degraded coral were identified in profle, thoughe m@s noted near the top than
the bottom (lkely brought down from ground surface as a res$tiioturbation).

Decomposing basalts were uncovered near the terminatithe ahit, and the project
geologist (Dr. Stephanie Day) suggested that the flodneo@ihit could represent the top of a
C-Horizon. Charcoal was collected from the transition betwke first layer and the possible

C-Horizon. No charcoal samples from this feature were dated.

XU-8 was a unit dug into a coral and basalt paved terrace loleatethan 20 m from the
mean centre of Tulu (Class 3C; Feature 76). A possible ingtamall, consisting of three
boulders, two of which were stacked, was chosen to be excavdied mApping, each rock
was removed, and the ground beneath was examined for chattaatoal was rare, rarer
than in any of the other features excavated. Thus, unédely, only smal pieces of charcoal
could be colected from the base of the retaining wall, or therhatf the rock, which is not

enough to provide a radiocarbon date.
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Figure 6.53 Charcoal staining on the floor of XU-4 (Beta-361291, see below). Width of unit is 50 cm
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Figure 6.54 Profile of the north (inland) wall of Tufu XU-6 (depth in cmbs)
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Summary

Even though clear stratigraphic differences were, umfately, rarely identified,
datable material was retrieved in most excavations (clogioal results presented below).
Furthermore, excavation also informed on the constructemyueices of some features and
the geomorphological changes that occurred after they amaedoned. Excavation of
terraces seems to confirm that they were constructisingti a cut and fil technique, with
some displaying remnants of retaining walls or basaltgaditvidence of multiple phases of
construction or maintenance wast identified, but it is likely that structuresn the terraces
were replaced over time and the coral identified in sontkeoéxcavations might be
evidence repeated reconstruction episodes. Excavation tofditt parcel complexes
suggests that the ditch bunds were buit-up by the spaibwed to construct the ditch. The
varying size of ditch bunds, and the varying depths at whigincoal was found, implies that
some post-construction erosion and infilling has occurreéastt on the upslope side of the
features. Evidence of feature maintenance or remodelirgabsent in excavated examples,
but this of course does not mean the practice did not occularSioditches, the excavation

of depressions yielded evidence that demonstrates substaogialse infilling.
Charcoal Identification and Chronology

Seven ditches, three terraces, and one depression werdodexadine the
chronology of interior land use and the construction of differfeature classes. Of those
features, seven were from A’ofa and four were from Tufu (Fig. 6.55, 6.56, 6.57, 6.58; Table
6.13).Charcoal was identified by Dr. Jennifer Huebert (U afkfamd) to isolate short-lived
taxa to minimise the inbuilt age in each sample. Astivasase in dating coastal deposits,
however, short-lived materials were not always found. dsdicases, economic plants were
dated. All conventional radiocarbon determinations werbratdd in OxCal v. 4.2 (Ramsey
2013) using the northern hemisphere IntCal 13 atmospheric @Rei®mer et al. 2013).

The dating of earthen modifications is difficult, as middage arguments must be
made to ensure that radiocarbon determinations are datingrahaeological event of interest
(Ladefoged and Graves 2008). As such, a contextual approachssawgcéates presented
in this section were all of charcoal taken from aredsaitires unlikely to yield artefacts, but
likely to yield organic material that could date some itmssociated with feature

construction or activities that occurred prior to featwestruction. This section describes
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eachsample and presents a contextually-informed interpretaifdhe radiocarbon

determination (summarised in Table 6.13).
Ditch-and-Parcel Complexes
Beta-366724A’ofa XU-1, Myristica sp.) 70+£30 (26 AD 1690-1924)

This was a determination on an intact brancMyistica wood recoveredh situ at
30 cmbs in A’ofa XU-1. Myristica is a medium sized tree that can live for a few decades (J.
Huebert pers comm.). So, while inbuilt age is possible, it is sto&®en though the date
range extends into the historic period, there is no eviddwateditch-and-parcel complexes
were in use at that time, and ditches were not noted dyl@ftor early 28" century
ethnographers (Buck 1930; Kramer 1902-03; Mead 1969). In fact, the Wipeslition
stated that few people inhabited Ofu when they arriveitheinl 840s (Wikes 1852:157).
Based on this restriction, the sample likely dates ant ¢hv@noccurred between AD 1690
and AD 1840. The event dated, given the presence of an entieh aad associated
charcoal flecking, is interpreted to be vegetation burning-dfieréffore, this date provides a

maximum age for the construction of the feature.
Beta-372703A’ofa XU-5, Myristica sp.) 30+30 (26 AD 1695-1919)

This determination was a single piece\fristica wood recoveredn situat 70 cmbs
in A’ofa XU-5. Given the nature of the calibration curve, this detation had multiple
intercepts, creating a large range, though it can benigtit employing the same restrictions
as mentioned above. Given these restrictions, the rarifpe determination, AD 1695 and

AD 1840, provides a maximum age of feature was construction.
Beta-366725A’ofa XU-6, Aleurites moluccanushelll Modern Carbon

This determination dated a single piece of charred candiemdocarp colected at 40
cmbs of a ditch, noin situfrom a ditch bund, in A’ofa XU-6. It is possible that the candlenut
sample dislodged during excavation, and was collected fawveeirrom its original context.
Perhaps more likely, this charcoal may have washed iataliith recently, since this sample
did not come from within the bund but within the ditch fiselhd was only ~10 cm below the
surface of the ditch (~40 cm below the surface of the burtd. determination dates neither
construction nor use of the feature. This date is remawed firther discussion because it is

unikely to stem from activity associated with the uséhsf feature.

239



OxCal i 23 Beank Rameay (2013} £5 IniCai1l almasphers curve [Reamear al 8l 2013}

Beta-372703 i é—
Beta-366724 .
R O 'y |
Beta-372702 T -
—_ | S R S— —
Beta-359273 A
Beta-359272 é
Beta-354139 B ‘!‘& —
III|IIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1400 1200 1000 800 500 400 200 0
Calibrated dale (calBP)
Figure 6.55 Calibration results of date determinations from A'ofa
OxCal wd 23 Bronk Fameay (2013} r.5 niCail 3 simasohens outvs (Raim e =1 81 2013}
Beta-366726 e A -
Beta-359275 A
Beta-361291 ' WV
Beta-366727 — dphe.
....... Lo | AR T | R R T | I A |
1200 1000 800 600 400 200 0

Calibrated date (calBP)

Figure 6.56 Calibration results of date determinations from Tufu
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Table 6.13 Radiocarbon dates from the interior of Ofu Island

Sample Area Unit Feature Depth Material 613C Conventional Calendar Date
Number Type Date (20)

Beta-366724  A'ofa XU-1  Dich-and- 30 cmbs Myristica sp. -26.4 70+30 AD 1690-1924
Parcel

Beta-372702  A'ofa XU-3  Depression 90 cmbs Artocarpus altilis -23.5 180+30 AD 1652-1917

wood

Beta-372703  A'ofa XU-5  Ditch-and- 70 cmbs Myristica sp. -26.1 3030 AD 1695-1919
parcel

Beta-366725  A'ofa XU-6 Ditch-and- 40 cmbs  Aleurites moluccanus -24.8 Modern Modern
parcel shell

Beta-354139  A'ofa XU-7  Ditch-and- 49 cmbs Allophylussp. -26.9 950+30 AD 1024-1155
parcel

Beta-359272  A'ofa XU-9 Terrace 48 cmbs Cocos nucifera -24.2 730+£30 AD 1224-1298

endocarp

Beta-359273  A'ofa XU-10 Terrace 36 cmbs Hibiscus tiliaceus -26.2 480+30 AD 1408-1452

Beta-366726 Tufu XU-1 Ditch-and- 40 cmbs Cocos nucifera -22.7 280+30 AD 1498-1795
parcel endocarp

Beta-361291 Tufu XU-4  Ditch-and- 60 cmbs Organic Material -28.0 880+30 AD 1042-1222
parcel (from wood)

Beta-359275 Tufu XU-5  Ditch-and- 40 cmbs  Short Diameter wood -28.0 460+30 AD 14121468
parcel

Beta-366727 Tufu XU-6 Terrace 36 cmbs Artocarpus altilis -25.2 900+30 AD 10391210

wood
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Beta-354139A’ofa XU-7, Allophylussp.) 950+30 (26 AD 1024-1155)

This was a single piece of wood charcoal collected at 49 cmbs in A’ofa XU-7, along a
soil transition interpreted as the interface betweeoldfand surface and the buit-up bund
from ditch-and-parcel constructio®llophylusis a medium-lived species (J. Huebert per
comm.), Iving as much as a couple decades. Therefore, the sagipiehave modest inbuilt
age. Given that the charcoal was takesity, close to the interface between two stratigraphic
layers that could mark the extent of fil used to constthetditch bund, the date provides a

maximum age for the feature.
Beta-36672Tufu XU-1,Cocos nuciferaendocarp) 280+30 (26 AD 1498-1795)

This was a single piece of coconut endocarp collegtesitu within the ditch bund of
the largest ditch-and-parcel complex in Tufu, at ~40 cm@aifin XU-1. Coconut endocarp
is a short-lved material with minimal inbuilt age. No dmidundaries could be identified
within the ditch bund, but a definable layer of charcoakiieg was noted, from which this
sample was taken. The layer of charcoal flecking is irgexgr to stem from a vegetation
burn-off prior to feature construction. Therefore, this sangplnterpreted as a maximum

date for the construction of this ditch-and-parcel complex.

Beta-361291Tufu XU-4, degraded organic material from plant charcoal) 88Q2c AD
1042-1222)

This sample was decomposed and degraded charcoal of, presunsibije @iece of
wood in a burn layer at ~60 cmbs in Tufu XU-4 (Fig. 6.55 above)pitierd to represent
vegetation burn off prior to ditch construction. The type obdavcould not be discerned, so
the possibility of inbuilt age cannot be ruled out. However,déie is consistent with the
other dated ditch-and-parcel complex of similar charasésiswhich suggests that the date
was not adversely affected. The sample is interpreted tapravmaximum age for the

feature.

Beta-359275Tufu XU-5, small diameter wood) 468& (20 AD 1412-1468)

This sample was a single piece of small diameter wood, lixelyig or small tree
taken from 40 cmbs Tufu XU-5. In any case, the sample is siatt-lo medium-lived with
minimal or modest inbuilt age (J. Huebert per. comm.). Tmapleawas collected from a
transition that might mark the extent of fil to crettie ditch bund, an area defined by a lens

of dense charcoal, which is interpreted as evidence ofatege burning prior to the
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construction of the ditch-and-parcel complex. Based orntiegpretation, this sample offers

a maximum age for the construction of the feature.
Terraces
Beta-359272A’ofa XU-9, Cocos nuciferaendocarp) 730#B(2c AD 1224-1298)

This sample was a single piece of coconut endocarp col&ciedthe inside of a
retaining wall 48 cmbs in A’ofa XU-9. Coconut endocarp is a short-ived material with
minimal inbuilt age. Because of the sample’s association with the inside base of a retaining

wall, it is interpreted as a maximum age of terrace aatistn.
Beta-359273A’ofa XU-10, Hibiscus tiliaceu480+30 (26 AD 1408-1452)

This sample was a single pieceHibiscuscollected at 36 cmbs in A’ofa XU-10 from
an area of increased charcoal concentratidibiscus though not long-lived, has the potential
to exhibit modest inbuilt age (Allen and Huebert 2014:261), buy likel more than 50-60
years. Therefore, the determination provides a maximunofagature construction, the date

perhaps, given some potential inbuilt age, slightly older tharterrace.
Beta-366727Tufu XU-6, Artocarpusaltilis wood) 900+30 (26 AD 1039-1210)

This sample was a single pieceAstocarpuswood collected from the front of a
terrace at 36 cmbs in Tufu XU-6. Excavation revealed a possiaégraphic change at 35-
55 cmbs, an area of high charcoal density. The differencegedietiayers were modest and
charcoal, though in a greater density within the aforeowmed depth range, was found
throughout the excavatiorArtocarpuscan live for several decades and this determination
may include some inbuilt age (Allen and Huebert 2014:262, TabiBnen these
limitations, the sample could provide a maximum fageerrace construction, and, combined
with the possibility of inbuilt age, the determination dobk older than the terrace. However,

this sample also dates landscape use and the presenanarhiectrees in the interior.
Circular Depressions
Beta-372702A’ofa XU-3, Artocarpusaltilis wood) 180+30 (26 AD 1652-Post-1917)

This sample was a single pieceAstocarpuswood collectedin situfrom beneath a
thick layer of shell, fishbone, and sea urchin spine 90 cmbs in A’ofa XU-3. Unfortunately,

the determination intercepts the calibration curva significant wiggle, creating a large age
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range. This is further confounded by the fact #hetbcarpuscan live for several decades
(Alen and Huebert 2014:262), and some inbuilt age cannot be rUe&imae few people, as
indicated by the Wikes expedition, resided on Ofu by they d&40s and it is improbable
that activities associated with this depression occuheetdfter, the date likely reflects
activity that occurred between AD 1644 and AD 1840. Becauseatimples was taken at the
bottom of the faunal depostt, | interpret this determinatibnlate immediately prior to the

deposition of the marine fauna.
A Preliminary Chronology of the Ofu Interior Uplands

On present evidence, permanent settement of the intel@mnonstrated by the
construction of earthen structures, commenced at thenbegiof the 2¢ milennium AD in
the 11" or 12" centuries AD (Bets54139, 26 AD 1024-1155; Beta361291, 26 AD 1042-
1222; Beta366727, 26 AD 1039-1210). Some use of the interior occurred prior to this based
on the timing of terrigenous deposition on the coast indicativepslope forest clearance, but
this marks more intensive and permanent use/habitationa r@diocarbon scale, the

construction of earthen structures in Tuful &iofa occurred contemporaneously.

The three terraces that were dated indicate an expapsactivity upslope over time
(Fig. 6.59). Likewise, the most recent terrace, Feature 78 (XWBeit@;359273, 26 AD 1408-
1452), is the smallest of the three, and similar smallcesran high slopes with limited basalt
paving might also be late constructions (Class 1N). THestaconstructed terrace is the
largest that was dated (Beta6727, 26 AD 1039-1210). However, this is more uncertain
gven the material, long-lived wood, dated from beneath Fe&®. The chronological
relationship between residential features in Tufu and A’ofa remains ambiguous Since only
three terraces were dated and coral was found on only dhesef Depressions are
associated with two of the dated terraces. One depressiowabdbcated on Tufu Feature 83
(Beta366727, 26 AD 1039-1210) had only a modest amount of stone edging (two boulders)
and was, therefore, classified as rdged. The other, located on a terrace (A’ofa Feature 3)
within 3 m of A’ofa Feature 2 (Beta-359272, 26 AD 1224-1298), did have a stone edge
(more than four boulders). This temporal relationship is tiestand needs to be tested with
future research, but it raises the possibility thatetteepressions were buitt at a similar time

as the terraces. No ditch-and-parcel complexes were dsdoaith any dated terrace.

The dates of ditch-and-parcel complexes formed two groups, meeast-AD 1400,

which correspond to single branch features and networkse(TBabdl). Broadly speaking,
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early ditch-and-parcel complexes tend to be smaller, sinfedaures located near terraces
and depressions (Bef4139, 20 AD 1024-1155; Beta3d61291, 26 AD 1042-1222). More
specifically, terraces are situated within 5 m of bothesifglanch features that date to the
beginning of the ? milennium AD, one directly downslope (Tufu Feature 17) ardother
downslope and to the side (A’ofa Feature 102).

Later ditch-and-parcel complexes were constructed to fotmories, but dates from
these produced a larger range (AD 1412-1924). The earliest exafmplnetwork (Beta-
361291, 26 AD 1412-1468), dating in the 5century AD within the Tufu unit, possesses
only two branches and is located in high slopes (ca. 25 degiéespther ditch-and-parcel
network dated from Tufu dates to the™&8" centuries AD and is located in a position
seaward of the HFD mean centre (B&6&726, 26 AD 1498-1795). It appears that this latter
example was also constructed earlier than ditch-and{paet@orksin A’ofa, though there is
overlap at two standard deviations. Radiocarbon determinations of networks from A’ofa are
more difficult to interpret, as the two samples possess @&@ggaanges that extend into the
historic period (Bet&366724, 26 AD 1690-1924; Bet&72703, 26 AD 1695-1919).

However, several lines of evidence can be used to redusizdhef this range. The lack of
mention of the existence of ditch-and-parcel complexestimpgraphers who visited the
island, in conjunction with statements by the Wikes dio@ indicating that few people
inhabited Ofu in the early 1840s, implies the features Wwaite and used prior to the 1840s.
Their prehistoric age is further suggested by the $paditerning of these features.
Specifically, the construction of ditch-and-parcel netwddes not appear to have bisected or
disturbed other features. Therefore, the ditch-and-parceplexes that were confidently

dated from A’ofa were most likely constructed sometime in the 17th-18" century AD.

The single depression that was dated indicates use @fatiueef class for refuse
disposal in the 18century AD or later (Betd72702, 26 AD 1652-1917). Data is not
available to evaluate whether this depression was cotestrand used for previous purposes
earlier, though such a situation is plausible. No other depnsswere dated, but some
depressions might have been constructed at the beginnitng Bf milennium AD given
their association with other feature classes (disausalmove). One of these features

possessed stone edging, whie only two boulders were situaiaddehe rim of the other.

As a whole, these chronological data document a pattern ofusdnticcupation

expansion and infilling, from the intial habitation of bddFD zone through to
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abandonment. Those features located more on the peripher@ésined as proximity to
zone boundaries, date later in the sequence. This is digpta@ of ditch-and-parcel
networks, which generally are found near the boundariesichf zZone or in seaward
positions, and date to the end of the prehistoric period. Terradoingexpands over time.
Whie only three were dated, their spatial and temporalbdistrn suggests progressive
expansion into higher slopes, which is equated with movementmore marginal areas.
Given this evidence, the synchronic spatial patterningacth @one only reflects the last use
of each location, the end of a long sequence of developmentspa@kial distribution of
features at the beginning of th&%ilennium AD (11"-13" centuries AD) appears to have

been more dispersed across the landscape.
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Figure 6.59 Dated terraces plotted against slope showing a trend of expansion into highepgls over time

Table 6.14 Dated ditch-and-parcel complexes on Ofu

High Density Zone Ditch-and-Parcel Type 20 Range
A'ofa Single Branch AD 1024-1155
Tufu Single Branch AD 1042-1222
Tufu Network (two branches) AD 1412-1468
Tufu Network AD 1498-1795
A’ofa Network (small) AD 1695-1919
A'ofa Network AD 1691-1924
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Chapter Summary

This chapter has presented the results of detailedysundgertaken in the interior
uplands of Ofu, along with limited test excavation. Suraegl excavation was conducted in
two locations. In each location, a series of depressions, désfracd ditch-and-parcel
complexes were identified in high number, and additonalrest ditched terraces and
central open spaces, were identified in low denstties. Wariatias apparent within feature
classes, which represents functional differences. {aikchparcel complexes appear to have
been used for agricultural activities, but were separatednetworks and single branch
features. Depressions lkely functioned in numerous ways,stone edged depressions
possess attributes consistent with recorded examplesa®pits. Terraces served both

residential and non-residential functions.

Patterning was observed in the distribution of these &satat multiple scales. In each
zone, both centre: periphery and seaward: inland patterr@ppagent. Residential terraces
are found seaward of non-residential terraces and econegutation is found seaward of
secondary vegetation. In both zones, posttions seaward ottie centre are occupied by
large ditch-and-parcel networks that do not appear associdke@drnw residential features.
Stone edged depressions, interpretednasipits, and single branch ditch-and-parcel

complexes are often associated with terraces.

Excavation was limited, but a preliminary chronology offd@ure classes was
created. There is a correlation between the chronologyrratéeconstruction and expansion
upslope, with those in lower slopes constructed earlier. @énolugical diference was noted
between the two ditch-and-parcel types, networks and siegkerrds. Single branch features
were built at the beginning of the interior sequence ewgtworks were not buitt until the
last few hundred years before European contact. Little osmkrof the chronology of
depressions. One that was dated is evidence of activity isgowith the feature class in
late prehistory, whie two that are associated with datedctes raise the possibility that

some were constructed atthe beginning of tfemilennium AD.

The next chapter synthesises the results of theéwasthapters to identify and
describe the changing location, timing, and management ofilagral activities on Ofu. A
course of agricultural development on Ofu is then presehsgdsituates agricultural change

within a wider environmental and cultural context.
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Chapter 7: Analysing Agricultural Development on Ofu

In Chapters 5 and 6, | presented the results of survey aasgtati@n conducted on the
coast and interior of Ofu Island. This fieldwork is the seuwt a dataset constructed to
examine changing patterns of agriculture from island ©alton to historic contact.
Particularly important for understanding and explaining agn@l development is the
location, timing, and management of agricultural actitién this chapter, these are
evaluated based on evidence from this project and from othjectsr that have been
conducted on Ofu (ASPA site fles; Best 1992; Clark 2011, 2013; KindhHaint 1993a,b).
These sections employ similar lines of evidence analfeed different points of view to
create a robust picture of the production system through Titme final section describes the
course of agricultural development on Ofu and situategoitairwider socio-ecological

framework.
The Spatial and Temporal Patterning of Agricultural Activities

Identifying the location and timing of different agricultiui@ctivities is a fundamental
first step in understanding the development of an agrialiltsystem. Evidence of this can be
direct, such as agricultural infrastructure and charobaktonomic taxa, or indirect, such as
vegetation patterns, patterns of soil deposition, or the mesErsynanthropic non-marine
molluscs. In this section, | synthesise the evidence frentbast and interior of Ofu to

present a model of where and when agricultural activibesurred.

The populations that colonised Ofu Island occupied the narrost fata (Clark
2011, 2013; Kirch and Hunt 1993b; Chapter 5: XU-4, Beta-354137). Carbonised refains
only a few plants have been found within deposits datingetd®milennium BC, most
notably ti and coconu(Va’oto, Jennifer Huebert per comm. 2014 (ID), Beta-366730,
2350+30, 26 515-375 BC). The density of synanthropic nearine molluscs at To’aga
increased over the period of ceramic use (from intial &ation to the 8 or 6" century
AD) (Kirch 1993b:118-120) (Table 7.1), and this pattern may be evidehtte formation
and expansion of anthropogenic vegetation at To’aga by the end of the 1% milennium BC
(Layer 1l1A-1, Beta-25033, d 362-145 BC, Kirch 1993c:87; see also Hunt and Kirch
1997:121). A layer made up of terrigenous sediments dates tly diftat colonisation at
To’aga based on stratigraphic position (Layer III on the Main Trench of To’aga, Kirch and
Hunt 1993a:51, 56; not directly dated), and charcoal in the laggests at least some
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clearance of vegetation on slopes inland of the area by hup@rbaps for gardening. These
various lines of evidence indicate that cultivation weecticed on the island in thé'1
milennium BC, but that it might have been spatially retsiti around areas of occupation.

There is no evidence that signals residential usdaoidinareas.

Table 7.1 Counts of non-marine molluscs in the main trench of To'aga (data from Kirch 1993b:119, Table 8.1)

(number of samples) Layer IIC Layer 1IB Layer IIA Layer lIA-1
©) 3 ) 1)
Assmineasp. 25 129 93 84
Lamellideapusilla 30 27 5 14
Gastrocopta pediculus 35 94 26 19
Lamellaxisgracilis 5 23 7 11
Total (with all natives) 97 275 137 128
Snails/B 116 330 200 336

Over time, the contribution of terrigenous sediments tadaestal soils increased
through erosion. The rate of terrigenous deposttion inaleater Layer Vic in XU-4 of Ofu
Vilage, continuing into the latter half of thé' inilennium AD in Layer Vla (top of Layer IV
in XU-2/4, Beta380263, 20 895-1021) Fig. 7.1). At To’aga, increased terrigenous
sedimentation occurs at the beginning of tfiemllennium AD and likely continued through
the rest of the cultural sequence (Kirch and Hunts 19936%6/8). The presence of
particulate charcoal in these deposits supports the rolenanis in their formation and
connections with forest clearance upslope. The lack ofr@adef interior residential
activities at this time implies that forest clearamcenost likely associated with the spatial
expansion of agricultural actvities. The scale and lbcatf this expansion is unclear, but it
could have occurred etther across the coastine, on thes sispéooking the coastine, or
perhaps in the low elevations of the interior. A land sr@liinan analysed by Kirch from
Unit 3 of To’aga is also informative (Kirch 1993b:119). The top of the basal layer, from
where the first sediment sample was taken, dates to'thildnnium AD (Layer I, Beta-
26463, 5 AD 561-663, Kirch 1993¢:88). An increase in synanthropic non-manluscs
is apparent from the lowest sample in the basal layee ttofhsample in the surface layer
(Table 7.2). This hints at the presence of an anthropogenimreneint through the®1
millennium AD and, presumably, into th8%nmilennium AD, though a more precise
chronology is unavailable. This colective evidence from Ffimilennium AD seems to

signify a pattern of the expansion of agricultural d&si
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Figure 7.1 Frequency of clay and silt particles (terrigenous sediments) in Layers ®hd VIl of XU-4, Ofu Village.
The bottom of Layer VIc dates to 26 781-511 BC and the top of Layer IVa dates 26 AD 895-1021

Table 7.2 Counts of non-marine molluscs in Unit 3 of To'aga (data from Kirch 1993b:119, Table 8.2)

Sample Number 2 (Layerll) 3 (Layerll) 4 (Layerl/ll) 5 (Layerl) 6(Surface)
(Layer)

Assiminea sp. 10 27 44 110 15
Lamellidea pusilla 2 6 3 18 0
Gastrocopta pediculus 6 9 7 27 0
Lamellaxisgracilis 3 8 10 13 3
Total (with all natives) 21 52 66 175 18
Snails/I? 71 184 280 735 68

The deposition of terrigenous sediments and the mixingesétisediments with local
calcareous beach sands and coral improved the arabiity ob#stal flats (Kirch and Hunt
1993b:235). The dark organically enriched clay loam garden softJ48 and XU-4 (Layer
V) of Ofu Vilage attest to the cultivation of the atathe end of the Simillennium AD or
beginning of the ? milennium AD (after Bete380263, 26 AD 895-1021). Similar deposits
have been identified by Kirch and Hunt (1993b:235) on the soutt, @al these researchers
have noted the inclusion of charcoal lenses within taiavium strata, findings which they
equate with garden activity on the coastal flat (Kieectd Hunt 1993b:49). The precise timing

of the latter events at To’aga is not known, as no radiocarbon dates are available from these
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deposits, but it is likely that they date to the last 1,500 yesftge European contact (Hunt
and Kirch 1997:113, 116

From the interior itself, intial evidence of agriculili activities appears in the form of
charcoal and agricultural infrastructure (Chapter 6). Cabdrbreadfruit and coconut wood
was found beneath two terraces, and these remains adetalte 11'-13" century AD
(Tufu Feature 82, Betd66727, 26 AD 1039-1210; A’ofa Feature 2, Beta-359272, 26 AD
1224-1298). The evidence is imited, but it does suggest thatsatsleme economic trees
were present in the area before the construction afceurfeatures. More convincing
evidence of agricultural actvities is provided by the dgmknt of ditch-and-parcel
complexes. Two of these features, one from Tufu (Tufu XUeta861291, 26 AD 1042-
1222) and one from A’ofa (A’ofa XU-7, Beta354139, 26 AD 1024-1155), date to the Ypor
12 century AD, and their date ranges overlap at one standaatiostevOn this evidence, the
development of ditch-and-parcel complexes appears to have ljeoccontemporaneously
in the 14" and 12" century AD in Tufu andA’ofa; 2) been limited to single branch features;

and 3) been spatially restricted in each zone.

At the inland extent of A’ofa, Hibiscuswas dated to the icentury AD from beneath
a terrace and may also be evidence of cuttivation of tlepes prior to the 15century AD
(A’ofa Feature 78, Beta-359273, 26 AD 1408-1452).Hibiscusis a common tree found in
secondary forests in garden plots left to fallow (Webb and Fa’auma 1999:260), and usually
grows in inland regions after a large disturban®éehb and Fa’auma 1999:265). Whistler
(2009:132) notes that “its dominance in inland forests may be an indicator that the areas were
once plantatioris The presence of the plant under the terrace raises the possibility of the
cutivation of these slopes before construction of theileat< 15" century AD), as the
natural distribution of the tree is in littoral forestsdamangrove swamps (Whistler

2009:132). However, this evidence is not conclusive.

The construction of noresidential Class 1N terraces (A’ofa Features 2 and 78),
presumably used as temporary field shelters, implies thefukese slopes as well. The
earliest of these features was buit in th&13" century AD, and the later example was
constructed in the IBcentury AD (Beta-359272,62AD 1224-1298; Betd59273, 26 AD
1408-1452). The presence of these features attests to investniba use of the wider
landscape. That no permanent residential features haveideesfied in these areas of great

slope (over 25 degrees) suggests that cultivation wasithaerpractivity conducted here.
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Two dated terraces is admittedly modest evidence, buiriing tof the construction of these

features might mark the expansion of agricultural iHesv into greater slopes over time.

The earliest dated ditch-and-parcel network was congdrtiotéhe 15" century AD
(Tufu Parcel 1, Betd859275, 20 AD 1412-1468), and is located in the steepest slopes of any
in Tufu (as much as 25 degree slopes). The other dated ditgbaesel network in Tufu,
Parcel 17, was constructed slightly later (Tufu XU-1, B&&726, 26 AD 1498-1795), and
is located along the cliffs on the western boundary oTtile HFD zone. The timing of the
construction of networks in A’ofa was somewhat later than in Tufu, with both of the dated
examples from A’ofa being constructed in the late 17" century AD at the earliest (A’ofa XU-
1, Beta366724, 20 AD 1690-1924; XU-5, Beta372703, 26 AD 1695-1919).

The expansion of agricultural activities indicated bydbetinued construction of
agricultural infrastructure, ditch-and-parcel networks €lass 1N terraces, is supported by
sediment evidence on the coast. Layers of coluvium were tepasithe 18' century AD
and later, based both on the direct dating of coluvium (LayesfIXU-4, Beta372700, 2o
AD 1498-1795) and the dating of earlier deposits (Layer VII of XUBeta332861, 26 AD
1408-1452; Layer VI of Trench 3, Bet®6731, 26 AD 1299-1413). The role of humans in
the formation of these layers is attested by the presehparticulate charcoal. However, the
clearance of forest that led to the erosion of these sadinmenild have been related to both
residential and agricultural expansion, with both a@®itoccurring in the interior at this
time. The presence of dark organically enriched clay leai® atop colluvium supports the
occurrence of cultivation on the coastal flats in th& @&ntury AD or later (Layer I, XU-2
and XU-4; Layer Il Trench 2 and 3; Layer IV, Trench 1; B&1d698, 2c Ad 1695-1919).

Features representing possible storage pits have not bedn loiat storage
technology was certainly practiced at some point in prehidbaged on the large number of
depressions in the interior and the number of posited stpiggen the coast (Hunt 1993:24,
26; Kirch and Hunt 1993a:70-71). The location of depressions on odatst terraces raises
the possibility of storage after the construction of theseices at the beginning of th&2
millennium AD (Tufu Feature 83 and A’ofa Feature 2). This could signal the use of
arboricultural resources, banana and especialy breadfraiflyshfter the permanent
occupation of the interior uplands. However, only one of thepeesigions possessed clear
stone edging, which was used as a marker of storage pitsapte€ 6, and the functional

assignment of either as a storage device is tentative.
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Also of unknown temporal depth is the coastal marsh, an impocta#ivation zone
today. Targeted research needs to be undertaken to documentntiioh of this
environment, but a tentatve sequence can be proposed to be takteduiore. The marsh is
shallow, consisting of 30 cm of terrigenous sediments oveglagiarine sand, a depth which
points to the area being open to the sea until relatvedently. This may mean that the
marsh did not form until after the coast had prograded towtargsesent configuration (refer
to Chapter 5 or see summary below). It is after this pointiifiihg and accumulation of
terrigenous sediments could have occurred. The timingeaddposition of colluvium on
both the west and south coast suggest the formations agiironment in the™ millennium
AD, and perhaps after the Sentury AD. Similar processes di*millennium AD coastal
marsh formation have been documented elsewhere in SangoaQlark and Michlovic
1996; Goodwin and Grossman 2003; Hunt and Kirch 1988), and on other islahgs
region (e.g., Alen 1998:17; Kirch and Yen 1982:328).

Vegetation patterns may provide insights into the maxiedént of cultivation
techniques, namely arboriculture and shifting cultivatidhere is a correlation between the
location of HFD zones and the distribution of forests cantaieconomic trees like
breadfruit, coconut, Tahitian chestnut, and candlenut (Fig. Th correlation is suggestive
of the presence of arboriculture in the past, and the moagatation distribution might
even approximate the extent of arboriculture plantationse ¢rops (i.e., breadfruit and
coconut) appear to be the primary component of this vegetatiog but it is also possible
that understory cultivation of crops occurred, a patternifgehtethnohistorically elsewhere
(e.g., Addison 2006; Kirch 1994:181-182; Lepofsky 1994; Yen 1973:114-115).

Secondary forests, forests constituted by successional fdagisHibiscus tiliaceus
Macaranga harveyana, Pipturus argentgusre located on the slopes inland of the economic
forests. This vegetation type grows after disturbanciereltuman or naturally caused.
Natural fres are a rare occurrence in Samoa, anduiiikely that disturbance from cyclones
would create a pattern wherein secondary forest is locatgldpe of economic forests and
downslope of primary forest (e.dpysoxylumspp.,Ficusspp.,Reynoldsia pleiosperm.a
Instead, it would be expected that a pattern reflective dreyodamage would be patchier.
Cyclones and some fire may stil have been a factor, hlit @xplanation of the pattern
requires links to human actvity. That few, if any, redidérfeatures are found in this zone,
particularly in Tufu (Fig. 7.2), is evidence that the distmce causing secondary forest
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growth was largely related to cultivation. The distrbatiof secondary forests on Ofu could

define the extent of shifting cultivation on the island.

This pattern where shifting cultivation is locatedndlaof arboriculture plantations is
reminiscent of the spatial layout of documented archaeologiod historic cultivation
systems elsewhere in the Pacific (Kirch 1994:176; Lincold laadefoged 2014). If these
vegetation patterns do mark the spatial extent of culivasystems, shiting cultivation
covered an area of ~114 ha, tree crops covered ~82 ha, and only ~&ndaweéds part of
ditch-and-parcel complexes. How far these vegetation rpaitextend into the past is
unknown, but they likely developed over time as the area of amupaxpanded. They

possibly reached their present configuration at the endegdrtthistoric sequence.

Based solely on evidence in this section, a model of timgtimnd location of

culiivation techniques on Ofu is presented in Table 7.3.
Evidence of Agricultural Management

Different cultivation strategies are managed at differscales (Alen 2004; Kirch
1984, 1994; Kirch et al. 2004; Ladefoged and Graves 2008; Lepofsky and Kahn 2011).
Documenting the level of agricultural management iantelon proxies such as spatial
proximity to other archaeological features or places of segalficance (Lepofsky and
Kahn 2011), the construction of labour intensive infrastractiélen 2004; Kirch 1984,
1994), or evidence of plot segmentation (Ladefoged and Graves 200B). roxies are

used to assess the level of agricultural manageme @fion

The scarcity of evidence relating to cultivation in fire few hundred years after
colonisation implies that food production was spatially #etti and there is no evidence
relating to the management of production. During the first demturies of the Simille nnium
AD, Green (2002:138) has posited that the distinctive “house society” in Samoa began to
develop. House societies are defined by the presence of & distiporate body, which,
archaeologically, can be identified by the combination of w&rstnuctures such as
dwelings, cookhouses, storage pits, etc. (Kahn and Kirch 2013:5%f Hagiseholds,
however, are difficult to identify in subsurface deposits;esia substantial area needs to be
uncovered to locate them. Based on linguistic reconstruckdmh(and Green 2001:215-
218), political leadership in these incipient “house societies” would have been by a senior

male at the family level, with production managed atsaate level.
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Table 7.3 The presence or absence of cultivation techniques through thdtawal sequence. High confidence presence (X), potential presence).(See text for discussion of evidence

Technique Locaton 600 400 200 AD AD AD AD AD AD AD AD AD AD
BC BC BC 0 200 400 600 800 1000 1200 1400 1600 1800

Shifting Cultivation Coastand X X X X X X X X X X X X X
Interior
Arboriculture 3 Coastand -- -- -- -- -- -- -- -- X X X X X
Interior
Anthropogenic Soil Coast -- X X X X X
Cultivation*
Ditch-and-Parcel Single Interior X X X X X
Branch Features
Class 1N Terraces Interior X X X X
(Field Shelters)
Ditch-and-Parcel Networks Interior X X X
Marsh Cultivation> Coast -- -- -- -- X
Mas Pits® Coast and — — — — X
Interior

3 Potential presence based on the presence of coconut endocarp and wood in early deposits at To’aga, Va’oto, and Ofu Village. It is unknown whether this is from the native
variety or from one that was introduced. There guastion of whether coconut use constitutes arblwire, as a native co conut variety is known fifamoa. Though,
arboriculture is indicated by linguistic eviden&ir¢h and Green 2001). This says nothing abousttade of arboriculture.

4 Potential presence based on the date of theateetietween Layers V and M in Ofu Vilage XU-2. l@ation occurred after this date.

® Potential presence based on the assumption taanironment would not have formed until afterstadprogradation and subsequent terrigenousrigfil

® Potential presence based on the presence of tpresigions located on terraces dated to tHe1B" century AD.Masi pits were recorded at European contact.

256



Ocean

OSSO

ROS0%04
KKK Terraces
Field Observed Ditches

I Economic Forest
D Secondary Forest

— 20m countour

N

100 200 )
_ |

Meters

ﬂm
N

Arboriculture

Figure 7.2 Proposed cultivation zones within the Tufu HFD zone
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Empirical evidence informing on the social scale and neanagt of agricultural
resources on Ofu takes the form of agricuttural infrastme at the beginning of thé'®
milennium AD (Beta361291, 26 AD 1042-1222 Beta354139, 20 AD 1024-1155). Both
dated ditch-and-parcel single brarfeatures, A’ofa Parcel 3 and Tufu Parcel 10, are located
within 5 m of a residential terrace. That residentialates and depressions are situated in
proximity could mean that these ditch-and-parcel complevexe part of household
production, constructed and managed at that scale (domesticompaluction). However,

a temporal correlation has not yet been demonstrated betwesenféatures.

Managerial changes are implied as ditch-and-parcel fetwmegan to be buit in the
15"-18" centuries AD (Bet#59275, 26 AD 1412-1468; Beta366726, 26 AD 1498-1795;
Beta366724, 26 AD 1690-1924; Beta372703, 26 AD 1695-1919). The length of ditches
associated with networks is statistically greater thase associated with single branch
features, with no overlap between the size distributiortheofwo (Fig. 6.54, Chapter 6).
These data suggest that the construction of networkgeecudifferent scale of labour, and
the increased labour requirements of networks hint teat construction involved a larger
labour force. Though more labour was necessary to condteideatures, it is unclear
whether it necessitated the cooperation of multiple i&sniHowever, such cooperation and
coordination is evidenced by the internal complexity of #aufes. The connection of
multiple parcels (cultivation spaces) into one systeplids cooperation among the groups
using the different spaces. That these features wetehed across space associated with

several residential terraces further implies cooperation.

The three largest networks were built in seaward positions of the A’ofa and Tufu HFD
zones; two being seaward of the mean centre (A’ofa Parcels 20 and 21, L7 = 212 m, V= 425
nt; Tufu Parcels 14-17, L= 330 m, /660 nf) and the third located along a stream that
drains over the seaward cliff of A’ofa (A’ofa Parcels 24-27, L = 347 m, = 695 m3). At least
in Tufu, an open space is situated between a large ditcpaandl network and four large
residential terraces (Fig. 7.3). The position of seaward ditdkparcel networks in both
Tufu and A’ofa is socially important in the context of ethnographically documented
perceptions of space in Samoa. Mead (19694€d, “the term i tai (ftoward the sea) stands
for the optimum position; the vilage on the seashore, theehou the sea side of the vilage,
the place of honor in front of the house”. For Shore (1996:269), “the ‘front’...implies high

" L=length, V=volume
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rank, social authority, and socially visible and hence constrained behavior”. The front
(seaward) is the most visible place of vilages, whexe go to be seen, whereas the back
(nland) is private. This front and back patterning of spadends into the prehistoric period,
based on contact-era descriptions, archaeological evidence,eaulighity of the concept
throughout Polynesia (Kirch and Hunt 1993b:18; Quintus andk @@12; Shore 1996:267,
272). From this evidence, it may be concluded that ditch-and4pastgorks in seaward
locations were socially important features, and, based on eiphig analogy, under the

authority €ummanagement) of leaders. The space gave meaning to theseres.

The correlation between the four seaward-most terracésfu and Parcels 14, 15,
16, 17 is also interesting (Fig. 7.3; see also Fig. 7.2). All four of ttersaces have coral
paving and are larger than average (Chapter 6). If aogettphic analogy can be applied,
the terrace’s position seaward of the centre of the Tufu HFD zone coupled with sizgpsts
the idea that they were either status or communaltgtesc Each separate parcel (cultivation
plot) might have been managed by the groups associated acithtesrace. However, there is
some uncertainty about precise divisions of Parcel 14 and 16 as\egegation precluded
the examination of portions of the area. No other ditch sggnwere noted in Lidar, but

future research must examine this proposition.

In comparison, single branch features might have contitodze managed at the
household scale (domestic mode of production), given their agsocivith residential
features. But, these associated residential terracdargae than average (Tufu Features 32,
37, and 80; A’ofa Features 6, 19, 100, and 104). This is consistent with the idea that these
features were managed by socially prominent groups or peaisomell. The development of

this relationship is uncertain, though, as none of thesgcés were dated.

The management of arboriculture, specifically through piage, is ambiguous.
Logically, storage pits spatially associated with resderi@atures were used and managed
by each household, with the majority (8 of 12 in A’ofa) of small (2.0-2.9 m diameter) stone-
edged depressions found on or within 10 m of terraces. Commuamagesidevices may also
be present, with Feature 87 in A’ofa the best example. The volume ofthe depression is the
second greatest measured, and only one stone edged depresated, doca terrace, is
larger. Such a size, in conjunction with a spatial adswciavith a ditched terrace interpreted
as ceremonial/ritual structure (Quintus and Clark 2012jtnsgggest management of these

storage devices at a scale different than that of treeholdl.
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Figure 7.3 The correlation between a large ditch-and-parcel network, thgroposed central open space, and four large
terraces in Tufu

Situating the Course of Agricultural Change on Ofu

Sequences of agricultural change follow different coufssrison 2006, 2007). It is
the comparison and evaluation of these different counstdetrids to an understanding of
both the general processes of agricultural change ardctilecircumstances that create
unique characteristics of production systems. This sesyintnesises the information above
in discussing the course of agricultural development on $d@ating it into a larger cultural-

historical context.
Early Emphasison Marine Resources

Significant debate has arisen regarding the importancauteation to colonising
groups of West Polynesia (Best 1985; Burley 1999; Burley et al. 200tb&r1971; cf.
Green 1979; Horrocks and Nunn 2007; Kirch 1997). Some scholars enegagke
importance between cultivation and foraging, while othaggest the primacy of foraging or
farming. These opposing views are not unexpected given wierenental variability of the
region, and it is likely that each island exhibits a sora¢wimique combination of

subsistence methods that correspond to those environmerted rdis (Clark 2013).
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Regardless of whether marine resource exploitation veas mportant than food
production, some form of starch cultivation was probably sacgdor survival (Addison
2006, 2008; Davidson and Leach 2001).

On Ofu, only modest evidence of cultivation has been foutldnwihe earliest
deposits on the island. At the same time, wid marine arektgal faunal remains are
abundant (Aakre 2014; Kirch 1993b; Nagaoka 1993:201-206; Steadman 1993ja@ Vil
Layer Vic of XU-4). This evidence, as Kirch and Hunt (1993b:24#¢d) all suggests an
“economic strategy integrating broad-spectrum exploitation of natural faunal resesircwith
agricultural productich The lack of information pertaining to this period imits wban be
inferred regarding the usage of products of cultivationt, Bappears that the abilty of the

population to survive was in some ways dependent on masaeirce explottation.
Expanded Cultivation in the 1¥ Millennium AD

In all three ceramic-bearing deposits on Ofu, the proportideragenous sediments
gradually increased in the*milennium AD and continued (Kirch and Hunt 1993a:56, 78;
this project). Climate must be considered as a potential lmagimig factor of increased slope
erosion, but the presence of particulate charcoal indich#gsthis process was in part due to
vegetation clearance. Based on the lack of evidence oépeninresidential settlement in the
interior at this time, a likely reason for forest cleaeans the creation of garden space and the
expansion of cultivation. At the same time, the rate arin@ exploitation remained stable
(Nagaoka 1993). The totalty of this evidence implies thatudigire gradually increased in

importance in the sense that agricultural activittepanded.

A temporal pattern of the expanding scale of agricultactivities has been

documented in the archaeological records of islands througheWRacific (e.g., Allen
1992:439-440, 1998:19; Allen and Craig 2009; Kirch 1984:156, 159-160, 1988, 1994; Kirch
and Yen 1982; Lepofsky 1994; Lepofsky and Kahn 2011:325; Spriggs 1997:98-99;nValenti
et al. 2011). Population growth and processes of adaptation to letahemntal
characteristics were certainly influential (AlemdaCraig 2009), and some authors also relate
these changes to human and climate-induced environmerwaagec (Field et al. 2009).
Within the latter category, the progradation of shorelined the increased deposition of
terrigenous sediments into lowland areas has been sugdestedimportant factors in the
expansion of arable land and increased food production in soa(arg., Kirch and Yen
1982; Spriggs 1981, 1997).
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Multiiple overlapping factors may account for similar pageon Ofu. For example,
increased production could relate to population growth. Populgtiowth after island
colonisation is likely to have occurred, but archaeologicadeace of this on Ofu is imited.
It would be expected that if population growth occurred, the skparof land use would be
evident. There is continuity in many of the previously used areas on the To’aga coastal flat,
though some expansion occurred in the middle or Btmiennium AD (Kirch and Hunt
1993a:55-56). No evidence from Ofu Vilage indicative of populatimnease during this
time has been identified, but only a relatively smallaarkthe vilage was examined.
Deposits dating to theand 2% millennium AD at Va’oto and Coconut Grove have been
disturbed by modern land use. Given this, the lack of evaderfigpopulation growth may be

due to sampling error and the lack of areal excavation.

Additionally or atternatively, coastal landscape evolutiorouph the ¥ milennium
AD could have been a potential contributing factor to the ekparef agricuttural activities.
This model is detailed here, based on data from the west ahdcsasts, for future testing.
To summarise the geomorphological sequence presentedeadtioed Chapter 5, the
deposition of marine derived sediments and coastal aggradasisrunderway by the time
the island was colonised (Layer Vic of XU-4 in Ofu VilagBeta-354137, Beta83081, 2¢
781-511 BC), a reflection of the start of sea-level faimfrthemid-Holocene highstand. Sea-
level fluctuations did not reach a crossover point untintisile of the i millennium AD in
the Fij-Tonga-Samoa region (Dickinson 2003:494, 2009), but perhap®tat@fu to
account for local island subsidence. This crossover ddte jsdint ambient high tide fell
below mid-Holocene low tide levels, allowing sedimentatiorprefiously submerged areas

to more readily occur (Dickinson 2004). Previous marine envirotsmbacame supratidal.

The shoreline of Ofu appears to prograde in line with the peaba®ssover dates for
other islands in the region (~AD 500 or later for Fii andgegnDickinson 2003:494). Stable
beach ridges might have begun forming as early as’tieertury ADat To’aga, which is
suggested by the development of paleosols indicative of tiegetgowth above ceramic
deposits (Kirch and Hunt 1993a:67, 78), though the exact timingesd thvents and
relationships between units is unclear. The developmentyefda/la and VIb in XU-4 of
Ofu Vilage may also represent beach ridge stabilisattbough this is also unclear from
evidence reported in this thesis. The development of dark caignenriched clay loam
layers on the west coastmore conclusive evidence that the active deposition cérealus

sand sediments had decreased by thar@l 18" centuries AD in areas surrounding XU-2
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and XU-4 of Ofu Vilage (Layer V). That the formation bése layers and the reduction of
calcareous sedimentation were related to the progradatithe ehoreline is supported by the
nature of, and timing of land use on, areas seaward of XUt2\(fldaige XU-1, XU-3,

Trench 3). Whereas calcareous deposition ceased or was r@dbeedk beach areas, it
continued in areas seaward. The basal layers of seawerdareirefiective of high energy
deposition consistent with coastal progradation, featuring lpegticle sizes and coral
boulders and cobbles (this project, Chapter 5; Kirch et al. 1993 @ige evidence, |
propose that the dating of the transition between LayaasdW!I in XU-2 and XU-4 of Ofu
Vilage provides a minimum age for shoreline progradation (B&ta63, 2c AD 895-1027).

At least some landforms created by marine regressiorc@astal progradation were
used by humans late in th& rillennium AD at To’aga (Kirch 1993c¢:88; Kirch and Hunt
1993a:56, 60-62; Units 3, 13, and 17), but not until tH8 cSitury AD on the west coast
(XU-1, XU-3, and Trench 3). Even some prograded landfostfiifo’aga probably did not
become avaiable for settlement unti tH¥ @ilennium AD (Kirch and Hunt 1993b:234).

Why such variability exists in the timing of landscapgerge and subsequent human land use
on the south and west coast is unknown, but it is possitilet tedates to local topographic
features or the configuration of the island. Specificalg manifestation of island wide
processesat local levels is dependent on local sediment sources andrpact on the

sediment budget over time.

Even with variability, the consistent pattern in theatmn of ceramic-bearing
deposits across the island (often ~100-150 m inland of the psds@rine) and the
chronology of deposits situated seaward of ceramic-bearing Bon@sst plausibly explained
by processsof marine regression, shoreline progradation, and coastadagign underway
from island colonization to at least the beginning of tHfen@lennium AD. Based on the
proxy measures of the chronology of human habitation in badhlzeaas, decreased
calcareous sand deposition in back beach areas, and the tiningl oke seaward of
ceramic deposits, the most significant progradation ofetfrestrial lowlands occurred during
the £'milennium AD (this project, Chapter 5; Hunt and Kirch 1997%cKi1993d; Kirch and
Hunt 1993a,b).

The progradation of terrestrial lowlands may result iedaction in the size of
adjacent exploitable shallow marine environments. Declmeshellfish, and other reef
resources (e.g. turtle), are wel-documented on Tikopia (Kli&94:299-301; 2007b; Kirch
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and Yen 1982), where late prehistoric landscape evolution dedreeef area by as much as
41 percent (Kirch 2007b:89). Changes indicative of reef destruotio®fu have not been
identified in faunal assemblages (Nagaoka 1993), but the askalofv marine

environments was likely reduced from progradation on the sodthvast coasts. Based on
the model proposed here, coastal progradation since initial hoolanization has buried
~100-150 m of these environments on the west coast. This wanflate to a reductionf o
~27 percefitin shalow marine environments, and the drawings of Kanoti Hunt
(1993b:233) suggest as much as a ~50 percent reduction on tleersaathast. On the west
coast, progradation could have changed the ratio of shalowmenemvironments to

terrestrial lowlands from ~10:1 at the time of initial lmcolonization to ~2:1 in modern
times. These figures are heuristic and were certamhjable around the island, but at least on
the west and south coasts these changes to the ratierentli environments increased the
amount of arable land on the coastal flats (this projecpteh5; Kirch and Hunt
1993b:235). The formation of garden sois near the west and gmaghtalus slopes was
underway by the end of thé' inllennium AD or beginning of the"@milennium AD, after
deposttion of calcareous sands in the area was reducet @iccHunt 1993b:235; Ofu
Vilage, Layer VI of XU-2 and XU-4, Beta-3862, 2c AD 895-1021).

When these findings are combined with the expansion ohghitultivation on slopes
to the inland of the south and west coast, as indicated byngatibterrigenous deposition,
the covariance of landscape evolution and increased prodigtimghlighted. This broad
correlation may be evidence that as coastal reconfigurgtiadually changed the nature and,
possibly the productivity of the shallow marine environments, tmeanu subsistence
economy was somewhat modified to include expanding terrefstaal production. The
expansion of agricultural actvities might have beenamue for increased food
acquisition for a likely growing population after progradatiod heduced the size of
exploitable marine environments and increased the sizeabe environments on the coast.
Other avenues of increased food acquisition, such as o# f$tung, are not evidenced in
the archaeological record. This situation is broadly comparabévidence from Tutuila
where, based on stable isotope data of human bones, 70-80 petbenbuhan diet was
constituted by terrestrial plants by tH8 &nd 18" centuries AD (Valentin et al. 2011:478;
Table 2, 3; e.g., WKI8056, 1065+34, 26 AD 895-1025).

® This was measured as straight line distance icehére of Ofu Vilage, from the edge of ceramicatieg
deposits. The extent of shallow marine environmevats defined by the extent of the modern reef flaeaward
of which there is a significant elevation drop.
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Construction of Agricultural Infrastructurein the Interior Uplands

The earliest radiocarbon determinations from the inten@ands (Beta354139, 2o
AD 1024-1155; Bet&61291, 20 AD 1042-1222; Beta366727, 26 AD 1039-1210) are
chronologically situated between dates from the top of Layasf WU-2 in Ofu Village
(Beta380263, 26 AD 895-1021), a point when calcareous deposttion was reduced in back
beach areas, and three others from the basal units coriasdteaward of XU-2 (Beta-
332861, 26 AD 1405-1452; Beta366731, 26 AD 1299-1413 Beta372699, 26 AD 1261-
1387). The exact reason for permanent habitation in #mointis unknown. The intensity of
residential or domestic occupation on the coast appears to declmed use appears to
become more dispersed, suggested by the lack of culturaliandtat has been identified on
the coast dating to the last 1,000 years relative to etiies (Chapter 5). This might
suggest that a simple population growth model, where people ingéduiting the interior
uplands because the lowlands were fully occupied, is unlik@dpulation growth may stil
have been a factor, though. Additionally, the geomorphologicardeof the 2° millennium
AD shows periodic marine inundation of much of the codstal perhaps due to storm
activity, and increased terrigenous deposition after tHec&Btury AD may have restricted
the residential use of back beach areas. Stil, the coastamas abandoned, signalled by
continued cultivation and marine resource exploitation, thauiocation ofmajorresidential

activty appears to have shited location to the islandianter

Upland areas are subject to flash flooding, erosion, debris flawklaadslides. As
documented in Chapter 3, these hazards, often associatedyciathes, have a detrimental
impact on some culivation techniques. Tree cropping, edpewavulnerable to destruction
by high winds, and these trees may take years to recovar. td-ifinety percent of mature
trees can be blown over during cyclones (Clarke 1992:71), and 70+t@0tpef the banana
crop can be destroyed (Watson 2007:25-26). Slope gardens can be buighd énelgy run-
off, debris flows, or landslides from upslope, while they cam s stripped by erosion.
Official losses of taro due to cyclone damage have been datgnat up to 50 percent of

the crop (Paulson 1993:46), though these crops can recover quitkin fwo months).

The timing of permanent interior occupation around thé deintury AD corresponds
with the construction of ditch-and-parcel complexes. Tlesires have been shown to be
effective at diverting water and sediment around gardes (Ehapter 6). These functions

likely result in reduced losses of crops grown on parcelsghrthe counteraction of damage
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caused by high-energy run-off, debris flows, and erosion. Effortounteract effects of
some hazards through the construction of ditch-and-paareplexes may have been a trade-
off between maximising annual yield and risk reduction, ewhl least maintaining the
maximum vyield that had been produced prior to the constructidine déatures. In other
words, the construction of ditches enabled farmers to produeasa as much as before, but
the counteraction of hazards helped to imit the probabiitpeoibdic shortfalls. The

outcome of this was the reduced variance of yeaear yields.

Apart from the counteraction of hazards, investment im-@ited-parcel complexes
likely increased yearly production. The cross-slope ditch besnékely limited run-off
precipitation to the extent that soil erosion of the @ikdbn parcels was reduced. Reductions
of soil erosion likely improved the long-term productivity of #w/ironment by increasing
or maintaining soil depth. Such ditching also reflects paraehgreence through the
formation of boundaries. This does not imply that parcels wdtieated permanently, but it
might be that fallow periods were reduced or that more imerand use practices were
introduced. The reduction of fallow periods, the constructiopeahanent plots, and the
more intensive management of plant growth actuaigucesabour in societies without the
aid of metallurgy (Denevan 1992; Doolttle 2004). Forest regemeratan increase labour
expenditure by increasing the time needed to clear garder. $pacreating a permanent
bounded cultivation space, these areas could be cleared rdredoy forests more
effectively when in fallow. Additionally, bananas or other lalvour crops may have
continued to be cultivated in the parcel when plots wetrenldéllow, a pattern documented
historically on ‘Upolu (O’Meara 1990:57).

Below average yields from tree cropping and shiting ediown that would be caused
by hazards in some years could have resulted in angecte@liance on yields from
protected gardens, which were less variable and potemiahg productive. In this situation,
the construction of infrastructure has the potentiathemnge the social dynamics of food
production by creating unequal access to the products of a eaé cultivation strategy.
Evidence of unequal access is difficult to identify. Howes#we single branch feature
ditch-and-parcel complexes are often associated with néaidéeatures, households
inhabiting these residential features presumably had awmress to products cultivated in

these complexes. The situation appears to have changed b§'tcentury AD.
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Expansion and Investment in Landscape Capital after the15th Century AD

Further development of cuttivation techniques occurredidn18” century AD, and
continued through the rest of the prehistoric period. DitetHzarcel complexes began to be
constructed in networks. Arboriculture and shifting culidat on slopes might have begun to
expand towards the extent defined by modern vegetation. Naemtal terracing expanded
onto steeper slopes, more marginal areas. Cultivation @htiavound the slopes on the
coast, attested by the presence of coluvium layers witicydate charcoal. Cultivation of
the coastal flats likely continued, particularly aftex frmation of the coastal marsh. These
developments appear geared toward increased production, with r@areeang put under
cultivation. Increased production may be linked to population groddiwvever, litle
evidence is available to evaluate this propositon as ésmeantial features have been dated

in the island’s mterior.

More notably, this period saw changes in management afipasssociated with the
increased influence of a leadership group in food production.cdimgruction of ditch-and-
parcel networks would have required more labour expenditure oednpaprevious single
branch features, and the internal complexity of ditch{zendel networks would entail a level
of group cooperation and coordination in construction and subgeggacultural activities.
The largest networks are located in positions seaward cktfitee of HFD zones, areas that
ethnohistoric and ethnographic literature link with soaiathority. This collective evidence
suggests the presence of a poltical system in whiclmémagement of some production was

possible.

The chronology of supra-household influences on systems ofgicodseen here,
namely some ditch-and-parcel networks, is consistent daith argued elsewhere to be
evidence of the growing influence of an elite clas$dnrest of the archipelago. Several
researchers have proposed that changes to settlemennhspatter the course of the last
1,000 years, such as the increased visibility of domestictesnttine and the construction of
monuments, are a reflection of the development of sociartigr (Holmer 1980;
Martinsson-Wallin 2007; Quintus and Clark 2012; Walin and Mzstin-Wallin 2007). The
investment in more permanent and labour intensive réisidemd non-residential
architecture and expanded settlement sites is documemtechaf 18' century AD on many
islands (Clark and Martinsson-Wallin 2007; Green 1969:102-104, 2002; HbD&9:102;
Pearl 2004; Wallin et al. 2007:78). This is also roughly consistéhtincreased
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sedimentation on Tutuila that is evidence of interiogetation clearance that is hypothesized
to be related to the expansion of cultivation and habitaidlark and Michlovic 1996; Pearl
2006).

The few dates of star mounds, monumental structures thtmdtave served
important functions in pre-contact socio-political relajorsuggest they began to be
constructed in the icentury AD or later throughout the archipelago (Clark VoE8:
Herdrich and Clark 1993; Hewitt 1980; Martinsson-Wallin and We2i0). These features
have been identified on Ofu and the highest density ohsiands in the archipelago is
situated on the adjacent island of Olosega (Quintus st 2012). None of these features
have been dated on Ofu or Olosega, but the consistency raothemology throughout the
rest of the archipelago hints that the examples on theséslands were also buit in the 5
century AD or later. Herdrich and Clark (1993) argue thatrstainds mark increased status
competition, and their construction as monumental and corhrauohitecture might signify
the use of corvée labour. Oral history suggests a sisdguence of a growing focus on
hierarchy and the centralisation of at least some poftezr-8AD 1600 in the western islands
of the group. This is the time of Salamasina, alegeddyfitst individual to hold the title of
the four prominent districts and act as paramount chiefl 8amoan Islands except those in
Manu’a (Meleisea 1995:24-25).

The best example of increasing elte influence on resoexploitation is the posited
growing control of basalt on Tutuila (Winterhoff 2007; John264.3). Within the last 1,000
years the degree of stone tool manufacturing increase@@nyg quarries on the island
(Addison 2010), and labour in the form of substantial infrastracthegan to be invested in
both production and defense at the larger sources (Best 1998rhafin 2007:195).
Winterhoff (2007) has argued that control of basalt resoureeame the source of power for
eltes on Tutuila within the last 1,000 years. A more predisenology of the basalt industry
is lacking, but Addison (2010:353) has argued, based on the geograguaitalof material
exported, for large scale production by thé"1¥5™ century AD, which may have peaked
starting in the 16 century AD.

This discussion suggests that poltical development waschipelago-wide process,
with local manifestations on each individual island. @dals evidence of the role of leaders
in agricuttural activities. At least on Ofu, this role aggseto have nrelatively limited, but

potentially important based on associations with agriculturfedstructure.
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Discussion of Factors Influencing Agricultural Devel opment on Ofu

Three factors are commonly considered to be important in thdopeeant of
agricultural systems in Polynesia: population growth,remmental variability, and poltical
change (e.g., Alen 2004; Kirch 1994, 2006; Ladefoged and Graves 2008; Lefh®&#ky
McCoy 2006). Each appears to have been influential on Ofu.

That population grew throughout the Ofu cultural seceigs supported by the
expansion of archaeological remains over time, ilustrategpebyanent residence in the
interior and expansion thereafter. Given the distributioarcifiaeological features, based on
an examination of the Lidar dataset, the late prehisfpopulation on the island appears to
have been quite dense. However, more precise data regardingtipopgiawth is lacking,
and it remains to be demonstrated to what degree populationsagfferent points in the
sequence; the quantification of this is a fruitful aeemi future research. Therefore, while
the impact of population growth on agricultural development, erw&rsa, remains
unknown, preliminary assessment indicates that the two ddiprvack one another,
especialy after people move into the interior uplands einlttf or 12 centuries AD. With

that said, population growth was but one factor that inflee nstrategies of cultivation.

The environment of Ofu created constraints and opporturfitiesultivation. At a
general scale, the environment is not conducive to thefusertain technologies, specifically
flooded irrigation. No permanent streams are found anchaeli@n intermittent streams,
while possible, would likely result in frequent yield shdigfaWithin the cultural sequence,
prospects for increased food acquisition were both limited amaheed by coastal
reconfiguration. Coastal progradation may have reduced ¢éhefsihe shallow marine
environments that skirt the island, whie at the same kimdscape change created strips of
arable land on the coastal flats. This production zone waedoby the deposition of
terrigenous sediment influenced by vegetation cleardor cultivation upslope in
conjunction with high rainfall, and these sedimentsewben mixed with calcareous sand and
organic matter already on the coast. As food production becamergasingly important
component of the subsistence economy and as people moved iimiteribe uplands,
agricultural infrastructure was developed. The construcbf ditch-and-parcel complexes
reduced the effect of high energy run-off and soil eroaiash thus, probably stabilised year-

to-year production.
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The impact of poltical development on cultvation strategappears to have been
most marked toward the end of the sequence. Though litlaoiwsn of the situation before
the 15" century AD, t is after this point that ditch-and-péroetworks were constructed. In
both Tufu and A’ofa, networks were built in socially prominent areas, seaward of the mean
centre of each HFD zone, a position that may have conynadiiimed their importance and
control by poltical forces (following Shore 1982:48-51, 1996). The chronotddiiese
features is consistent with the known chronology of standsuhroughout the archipelago
(Clark 1996; Herdrich and Clark 1993), features known for Ofu and g2loaed assumed to
date to a similar time as those on other islands in thépeledo. These developments are
also consistent with the chronology of the development dbdkalt tool industry on Tutuila
(Addison 2010). This could mean that late prehistoric politicakeldpment was an

archipelago-wide process.

Teasing out the relative importance of these threerfaat the analysis of long-term
agricultural history is difficult, since there is a funsntal interconnectedness between the
three. Unique circumstances of historic development coggiertunities and constraints to
the system. For instance on Ofu, the investment inuttgrial infrastructure to offset effects
of environmental hazards led to plot demarcation that could ke eflectively managed, by
both farmers and eltes. One consequence of the consiruftiagricuttural infrastructure on
Ofu, whether intended or unintended, was the creation ofiegual agricultural landscape,
with the yields of one technique likely more stable th@ndthers. The influence of each
factor created consequences that fed back into the systeoreated future causes (cf.
Lansing 2007; Morrison 2006).

Chapter Summary

This chapter has analysed the results of field work piedean the previous two
chapters by exploring how these data provide an understandihg teimporal patterns of the
location, importance, and management of agricultural t@giviBy doing so, this chapter has
accomplished the frst two stages and addressed thehfiest questions that have guided this

research, defined in Chapter 2.

Shiting cultivation appears to have been focused aroundotiet and in the adjacent
interior slopes for the first ~1,700 years of occupation. In Henlennium AD agricultural
actvities further expanded into the interior uplandshatsame time that a portion of the

population began to permanently inhabit these areas. Wittegluential move to the
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interior, the importance of food production increased, evidencetiebgvestment in
agricultural infrastructure in the Tcentury AD and later, as well as the expansion of
agricultural activities into marginal areas in thd"*®ntury AD. Itis also at this point that
evidence of management can be identified. In the last 300e&d$ pefore European contact,
management of ditch-and-parcel complexes appears to shittlie household to communal

level.

The final section brought this analysis together by sameing associated contextual
information with the sequence of agricultural changegD@n The abundance of wild
terrestrial and marine fauna in sites dating to fhenlennium BC suggests that the
economy was broad spectrum. The expansion of agriculturattiegtin the ® milennium
AD is consistent with the timing of the coastal landscapaution. Landscape evolution
created more arable land in the back beach areas of thimepasid perhaps created the
coastal marsh. Agricultural infrastructure buit ie thterior in the 1tth and i%century AD
was likely a response to counteract common hazards of therlifonment that impact
production. This created a production system within whichrelifie techniques had different
yearto-year variance, with ditch-and-parcel cultivation ikddeing the most stable. Evidence
that ditch-and-parcel techniques were managed abovetseHhold scale is found in the
construction of networks in positons seaward of the HF[@ zmmtres in the 15century AD
or later. These changes were part of long-term processegiafltural development

discussed in the next chapter.
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Chapter 8: Discussion and Conclusions

This thesis has demonstrated that evidence of pagiltageat activities can be
identified archaeologically on Ofu Island, and that suctieg@e can be used to examine
patterns of agricultural development. The previous chaptéhesised evidence of
agricultural activities collected from Ofu Island anc@ked the changing location, timing,
and management of cultivation techniques. A course aiuligral development was then
placed into a wider socio-ecological context. The previous ehaperefore, accomplished

Stages | and Il of the research design.

Stage Il is undertaken in this chapter by addressingrdtieal concepts discussed in
Chapter 2 (i.e., intensification, expansion, risk managemenil selations of production).
The second section of this chapter compares the strategieprocesses of agricultural
development identified on Ofu with other documented strategjiesitivation and sequences
of agricultural change in the Samoan Archipelago and ké&ewin Polynesia. The final

section includes my concluding thoughts.
Restating and Evaluating the Problem

Kirch (1984:132) has argued that courses of agriculturallogenent in Polynesia
include three components: adaptation, expansion, and intatisiic The identification of
the last of these, intensification, has been of prime iapoe in Polynesia, and several
trajectories of agricuttural change in the region havenlmkescribed as intensification
processes (Kirch 1984:152; 2006). A temporal sequence of prehistacaltagl change
has been missing from the Samoan Archipelago, though ewidenéariable cultivation
strategies has been documented (e.g., Addison and Gurr 2008; 2@BsorCochrane et al.
2004; Davidson 1974c:157; Clark and Herdrich 1993; Holmer 1980; Ishizuki 197H; Kirc
and Hunt 1993b; Quintus 2012). The lack of a sequence of agatulterelopment has led
to a potential mischaracterisation of agriculture in Saa®aon-intensive and lacking in
capttal investment (e.g., Carson 2006), based largely on post-cdetaciptions (e.g., Buck
1930). In contrast to changes that characterise the priehiseguences of most islands in the
region, some researchers have argued that Samoan sabsm®ias stable through prehistory
(Green 2002). This situation in Samoa has been cited asavidleat the intensification of

production was not inevitable in the region (Leach 1999).
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The data gathered and analysed in this thesis haveube@rio examine one course of
agricultural development that occurred in the archipeldd@ examination of this sequence
allows for a critical empirical evaluation of whethetensification and/or other processes of

agricultural development occurred.

Agricultural Expansion and I ntensification on Ofu

Can agricultural development on Ofu, as described in thaopsechapter, be
classified as involving the process of agricuttural inferaion? Before addressing this
question, it is first important to define the terms inti®tion, expansion, and intensity
(Leach 1999). In this discussion, the term intensity setferthe amount of labour required for
a specific cultivation technique; agricultural inteisifion refers to a process of increased
labour input at a set spatial scale; and expansion refdis gpatial extension of cultivation
techniques at a set level of intensity. At some spatalkes, expansion may not be contrasted
with the process of intensification (Allen 2004:206; Athens 198&yison 1995:165;

Stanish 2006:364-365).

| argue at the largest spatial scale, that of Ofudslarsequence of intensification
occurred from colonisation to historic contact. This is @igid by two criteria: the
construction of agricuttural infrastructure and the imsesl amount of land put under
cultivation through the expansion of shifting cultivatiahset levels of intensity. Both of
these increased the amount of labour invested in agrelulactvities at the island scale. The
development of ditch-and-parcel complexes in the 11 alittégturies AD happened after
shifting cultivation techniques had been employed earlighe cultural sequence. This is a
case of landesque capital intensification as defined hKit994). Ditch-and-parcel
complexes created distinct cultivation plots, which likekered the degree of labour
invested to maintain each plot and also enhanced manageageabilties. Above all, this
technique was an innovation, alowing for the more eflectise of a specific environment.
The construction of these features required a one-tib@urdainput that increased the long-
term productivity through hazard counteraction of the slofangl, parcels, encompassed by
ditching. The construction of ditch-and-parcel networkshén 18" century AD and later, a
new technology, was a continuation of the intensificajwocess. The development of
networks increased the amount of labour invested in agriall activities (further landesque
capttal investment) and probably resulted in higher meadsyat the island scale because it

increased land under cultivation.

273



By some defintions, the expansion of agricultural aewitat set levels of intensity
could be characterised as a mode of intensification. On staalls such as Ofu, the use of
the term land use intensification, as defined by Atl{@¢899), may be appropriate in taking
the entire island as the region of study. Such sitsatelso meet criteria of definitions of
intensification proposed by Stanish (2006:364) and Morrison (1995:165).Dsl@ting
cultivation was an important component of the production sysiteoughout the cultural
sequence, expanding around the coast and interior slopeshtitheud’ millennium AD,
further into the interior uplands at the beginning of tAgn@lennium AD, and around the
coast (marsh?) and into greater slopes of the interiondsplim the 18 century AD and later.
These three periods ekpansion at set levels of intenddg to increases in the area of land
under cultivation and, therefore, higher labour costs \iensland is taken as a whole.
Presumably, this was accomplished by increasing the nuailgerople working the land, as
opposed to having a set number of individuals work harder. Eatles# periods increased

product extraction associated with agricultural actiities

Intensification can also be posited at the scale of indatiddFD zones. This
characterisation is largely derived from the developmequence of agricultural
infrastructure. A change from single branch featucesetworks marks a change in the
management of some agricultural activities, with tHavation of at least some networks
managed above the household scale. This process of creajag dnd internally more
complex agricultural infrastructure, which occurred frdw 11" century AD to historic
contact (18 century AD), increased the amount of labour investedyrioukural activities
through landesque capital investments as well as thewrdic of production through the
management of those activities. The sequence presumablyneieased the concentration of

production within each HFD zone by increasing the areandf under cultivation.

At the smallest spatial scale, that of individual plotgnmification is dificult to
discern. Evidence of shiting cultivation specificareas that were later modified with the
construction of infrastructure is lacking. Clear evidetitat these specific interior upland
slopes were used for shifting cultivation before the coctkin of infrastructure may
eventually be found, but such data are presently unavail®aked on the identification of a
very small sample of carbonised remains of tree crops antblposscondary vegetation (n =
3). Similarly, evidence that ditch-and-parcel networks wersstructed from previous single

branch features, which would mark plot segmentation, doesisbt e
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Based on the discussion above, the question of whetherifiotemsn occurred on
Ofu is a question of scale. At the island scale, a sequeficereased labour input that likely
translated to the increased extraction of agriculturaldymts has been documented. There is a
clear increase in land under cultivation through timewhy of the expansion of agricultural
techniques at set levels of intensity, and populations nbiegasting in agricultural
infrastructure towards the end of the sequence thataled long-term production. Within
each interior HFD zone, a sequence of increased productiofabena investment is
evidenced by the development of ditch-and-parcel complexeshatater construction of
those features in networks. Stil, even at the largediabpaale, the degree of intensification
that occurred on Ofu was modest in comparison to other islaréslynesia (e.g., Kirch
1994; Ladefoged and Graves 2008; Lepofsky 1994).

Most of the Ofu agricultural sequence is defined by eimansf agricultural
techniques at set levels of intensity into new arelis. i§ especially true of shiting
cultivation systems, which appear to have been an impactanponent of the production
system throughout the cultural sequence, echoing theofideach (1999). The modern
extent of secondary forest attests to its importance. Testems, which were likely
spatially restricted when the island was intially csled, had expanded over much of the
island by the end of the prehistoric sequence. This iredlett'e amount of land in
culiivation, which increased the amount of labour investés agricultural activities per unit
of land at the island scale. This to some would not constii@sification (Ladefoged and
Graves 2008; Leach 1999), but to others it would (Athens 1999, Morrison 188BhS
1994, 2006).

What is clear from this discussion is that the natifragriculture on Ofu changed
through prehistory, challenging the idea of cultivation egpatstability in the archipelago.
Some cultivation strategies increased production and ties/¢o population and poltical
change, and other strategies were a response to an envirotmaievaried through time and

space. These various strategies are discussed in tteotetms in the next two sections.
Risk Management andthe Ofu Sequence

Risk is linked to the predicted probabilty that certain envinental perturbations
occur and create variance in production (Marston 2011:190; Walder etal 1999:303). In
Samoa, food shortfalls related to damage caused by cyclones, fidelsrishigh energy run-

off, and landsldes are wel known. Cyclones, especially, &aré gredictable and have a
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periodicity which results in several severe events gaceration. Severe cyclones are likely
to inhabit social memory for periods between each event, yaslithin modern times in
reference to the events of 1987, 1990 and 1991.

Two risk management strategies were employed on Ofu-alitdkparcel complexes
and storage pits. Ditch-and-parcel complexes were develofgdpabple began inhabiting
the interior uplands on a permanent basis at the beginnitee & milennium AD. The
chronology of storage techniques is unclear, but it is pestiat they too developed shortly
after sustained residence in the interior began. Thesettategies ilustrate the different
ways in which populatons manage risk in agricultural prodoctiPopulations attempt to
ensure that a food supply is available at all times by rgube variance of resource
acquisition (Winterhalder et al. 1999) or by reducing the pratyalof a shortfall (Cashdan
1990:2-3). Very simply put, one strategy of risk managemetu rigtigate the variability of
resourceproductionto the extent possible. The other recognises the ocoerr@naroduction
variability but attempts to lessen the effects by reduthe variability of resource

availability.

Ditch-and-parcel complexes directly counteracted therdtgza the Ofu environment,
protecting garden spaces. The strategy increased theymlgarby increasing the land under
cultivation, whie also decreasing the variance of yearear yields by limiting the impacts
of hazards (e.g., high energy run-off, debris flows) thaktase the chance of shortfalls.
Effective variance minimisation and improved yéaiyear stabiity enables populations to
persist through environmental perturbations (Allen 2004). Irstevfa Z-score model, the
ditch-and-parcel subsystem to the production system is antégin and high kurtosis (low
variance) strategy (Fig. 2.1). In this way, ditch-and-paoccehplexes reduced the variance of

resourceproduction

Storage reduced the effects of resource variability byafagmporal diversification
(Marston 2011:193). Breadfruit and banana are extremely suscdptisterm damage from
yearto-year, and though breadfruit produces twice a year, it igaledale in February-

March and October-November (Whistler 2001:29). Breadfruit andnbastarage on Ofu
increased the probabiity that these resources would baldealboth at an intra-annual and
inter-annual scale. When a shortfall did occur, for instamben breadfruit and banana crops
were destroyed during a cyclone, storage of past harvests hemgldbeen drawn upon. In

this way temporal diversification via storage reducedvém@bility of resourceavailability.
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The decision to employ these strategies on Ofu may hareliblked to the expansion
of agricultural systems and the growing importance of produdtiche subsistence
economy. The role and scale of food production appears to havesedrdy the end of the
1% milennium AD, especially if comparisons with Tutuila can belen@/alentin et al.
2011). It is at this point that cyclones and other environmemaards created increased
variation in the food supply. When environmental perturbaticensse predictable variations
in the food supply, their counteraction becomes necessary (Halstead and O’Shea 1989:3). On
Ofu, this was accomplished through the use of ditch-anckpaomplexes and storage
However, the construction of ditch-and-parcel complexesivieet a far more substantial
capital investment than did storage pits, and the employwigthese strategies, ditch-and-
parcel networks in particular, likely involved a larger éffan both inception and

construction.

Risky strategies were also employed on Ofu, specificdiéyekpansion of production
into greater slopes in the Y&entury AD and later. Cuttivation on steep slopes wighen
probabilties of the occurrence of erosion and landslides watidase the likelihood of
shortfalls and increase the variance of yieayear yields. The development and use of two
risk management techniques beforehand could have allowguedipde to experiment with
and pursue riskier strategies to increase production witadtg below a minimum survival
threshold. Given the evidence of at least some commuriggration and coordination
implied by the construction of star mounds, ditch-and-paneelorks, and, perhaps,
communal stores, shortfalls from risky techniques could betdsfg community-level
redistribution. In other words, the stabiisation of productibthe beginning of the™
milennium AD may have allowed some people to employ risky gieatewith knowledge
that the risks associated with those strategies mightfdes bfy other parts of the production

system.

Such a situation is similar, though ata much smafelesto a process of expansion
documented in the Leeward Kohala Field System on Hawar’i Island, Hawai’i There,
marginal lands were cultivated later in time, aftdostantial effort had been invested in
agricultural production in more stable or optimal areas. Laddi@nd Graves (2008:785-
786) have argued that cultivation in marginal areasomasof few remaining avenues by

which to increase production and surplus in territoriatsurand:
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occupation of these areas was sustainable only if popslatiad direct links to more
optimal zones. It was not until the social networks thatecaith the complex
chiefdoms of the later prehistoric era were in placettiete more marginal areas
were viable.

Expansion of cultivation into greater slopes on Ofu n@yhave been feasible without the
stabilisation of annual production and food availability wvditch-protected gardens and
storage. Furthermore, the expansion of cultivation throughiwiinterior slopes, on the coast,
and, perhaps, into the freshwater marsh may have actespasah diversification strategy.
Diversification would help to mitigate the impacts of le=al hazards (e.g., landslides and
floods), and cultivation in the freely draining freshwatearsh would be a source of

increased and, perhaps, less variable production.

It is acknowledged that “producers do not begin anew each time they make a decision
but are instead constrained by features of the landscalfe that accretional product of the
past” (Morrison 2006:73). Opportunities for development are often constrained or created by
the consequences of past changes, a situation not oniyisecbgn studies of agriculture but
also in evolutionary biology and architecture (Gould and Léwal979; Odling-Smee et al.
2003). Agricultural infrastructure on Ofu made an artifigiastable environment by lmiting
yearto-year variance in production. In stable environments, sigateghich maximize

production are less prone to risk and potentially advantageodies @904:206).

This model relies on the assumption that the populatios alvée to produce beyond
subsistence needs in most years, so that surplus could ékefintoward buffering short
falls in bad years through community-level redistributione €kaluation of this assumption
is reliant on high resolution demographic data, which lkeingcin this project. It has not been
demonstrated that yields produced on the high slopes werecegsary to support the
subsistence needs of the population. If these marginat arere necessary components of
the subsistence economy on a yearly basis, and decisiondiviieulhis area was related to
a growing population combined with increasing social demandssdlnario would be more
like that argued by Allen (2004:220) for the development of dgnieuin marginal areas of
the Kona field system in Hawai’i. That is, the use of and reliance on marginal areas with
inherent risk would have made the population more vulnertbfeeriodic shortfalls,

especialy after cyclones.
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Agricultural Development and the Social Relationsof Production on Ofu

Agricultural development is also tied to economic relationshipeng leaders and
producers, interacting with developments based in ecology amdrenent. Limited data is
available to evaluate the timing and nature of polticednemies in Samoa, but some
evidence reported here for Ofu hints at changes indbilselations of production. Prior to
the 18" century AD, all evidence on Ofu is consistent with a duimemode of production.nl
and after the 18 century AD, social relations of production above the housetrdde are
evidenced by the construction of ditch-and-parcel networlsocially prominent areas. The
question, then, is how the situation had changed by tiecdury AD, and why did it
involve the use of ditch-and-parcel techniques? Thitosepresents a model addressing

these questions.

The construction of agricuttural infrastructure on @ifithe 11"-12"centuries AD
created a marked landscape and inscribed ownership to landedielbgy also created a
production system in which different cultivation technguesulied in variable outcomes in
any given year. As was discussed above, the cultivatiaditcbfand-parcel complexes
resulted in a lower yield variance relative to other tgclrs (e.g., shifting cultivation and
arboricuture). The effects of cyclones can have a dewegstatpact on shifting cultivation
systems and arboriculture, but these hazards (high energyff, debris flows, high winds)
are counteracted by the ditching of parcels. | hypothesidethése two characteristics of
ditch-and-parcel complexes, plot demarcation and yield staldieated conditions in which
management of production and power generation through agadulievelopment were

possible on Ofu.

In the context of the Ofu production system, the conceniraif low variance
production techniques, in the form of ditch-and-parcel complefkesed a bottleneck (after
Earle 2011a), especially in bad year in which yields producedlivating these gardens
might have been needed to offset shortfalls of arboricultune shifting cultivation. This is
not to say that arboricuture and shiting cultivation weoé productive or important, as they
were, particularly in relation to the subsistence econd®agher, opportunities were
presented to those that managed a restricted culivat@midee that in some years was
more productive than others. Assuming management of ditcipamcel networks that were
risk management devices, in good years when food shortfallsodioccur, collective

production from ditch-and-parcel complexes and other techniq@gshave created surplus.

279



Modest evidence of surplus can be found on Ofu in the formmcbheaological features that
would have required organised community labour (e.g., star moands¥torage devices that
could store excess food for leaner times (emasipits). During bad years, food production
in ditch-and-parcel networks could be employed to offset lower dvarage yields from

arboricuture and shiting cultivation that was the testidamage caused by hazards.

The role and influence of social production must be understoibth vdiontext, in this
case Polynesia cosmology. The strategies and outcomesséialsove conform to
expectations of leaders within a political system based odeh®nstration ofmana The
precise meaning ahanais contextually dependent and extends beyond socio-poltical
situations (Blust 2007; Codrington 1891; Hocart 1922; Firth 1940; Keesing 388+
1989), but there is agreement regarding its importance ereneke to poltical action (e.g.,
Goldman 1970)Manais pragmatic, something to demonstrate to prove your potency,
eficacy, and abilty to lead (Howard 1985; Shore 1989). Shore (1989:13%) thattmanais
the active legitimising power linking status to the irdiaal; as such it is fickle, dynamic,
and unstable and needs to be demonstrated (Firth 1940; Howard 19&85198®r1994).
Potency and fertiity were key concepts in this negotitiin that they connectethanato
activities in which these concepts were demonstrable.infp@tance of this demonstration

cannot be overstated. Valeri (1985:89) recognised that:

What creates power as a moral realty is the real seffgdt of the arbitrary belief in
somebody’s or something’s power. The reality of the effect reverberates on the cause,
and this makes the cause dependent on the effect...the belief that a man is endowed

with divinely originated manawil prompt many people to become vassals in order to
benefit rom his power; and this wil make him all the eneapable of delvering

what his reputation promises.

Warfare and pigeon catching have been two activities eplofit such demonstration
in Samoa (Herdich and Clark 1993), and Shore (1989:141) illustrasedodiitical power was
signified by agricultural abundance or generative powe&admoa, at least in myth, a failure
of a chief to provide materially for his or her people is arailofmana(Good 1980:34),
which may result in the removal of his or her power. Sarphasis on generative power is
present throughout the region. On Rotuma, especially in myth, “the concern is with the
continual regenesis of life- with the fertility of the land and the people. The fundatale
issue is one of harnessinge tmanaof the gods in the service of this goal” (Howard 1985:47).
Howard (1985:67) further positetlat in Rotuma “the central symbol is food; its abundance

is indicative of a proper political order, its scarcity indicative of political malaise”. This
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echoes the view of Mageo (2002:507) for precontact Sarmeanais a hypercharged life
force manifest in an abundance of food”. For Polynesia as a whole, Shore (1989:138) has
asserted: “whether through height or girth, brightness or generosity, chiefly mana..is

expressed through images of abundance”.

In this sense, it is the responsibility of the leadendcease production to
demonstrate abundance and to stabilise production to providee# difrshortfall; this
responsibility is met with the opportunity for expanded pditicluence. A demonstration
of productivity to increase individual prestige could involve spiguous consumption in
good years, and the importance of signs of excess is settmagraphic accounts of feasting
in Samoa. Buck (1930:93 wrote that “at a feast, the portions of food are far in excess of
what can be eaten in one meal”, and Kramer (190203, Vol I1:152) noted “that every
opportunity is seized to boast of one’s abundance and wealth”. Leadership influence over
production in good years could have allowed wealth accumulafibe construction of some
ditch-and-parcel networks in socially prominent positionswaeah of mean centre) would
have more effectively displayed this wealth, and bestowedl soeaning onto the ditch-and-
parcel structures themselves. We might also spectiatehe ditching was, at least at times,
socially important in this context, and not just for risknagement purposes. As Shore

(1989:151) observed in regards to sources of power:

Images of binding of persons or objects pervade Polynesian symbdWost
common, perhaps, are the ubiquitous restrictions imposed as a ofiattezfly
prerogative on the harvesting of productive crops. These bans...were often
accomplished by marking (sometimes literally encirclingh s marker) the resource
whose productvity was being tied up.

In contrast, elte management in bad years may have iegrthe efiiciency of
resource use and redistribution as Allen (2004) argued for Hawai’i. For Anuta, Yen
(1973:139) notedhat chiefly inluence on agriculture only occurred af&rms or tsunamis,
when managerial redistribution was necessary. The ootisir and management of ditch-
and-parcel networks on Ofu might have acted to solidifyrdleeof elte managers as centres
of redistribution. In fact, the efficient working of ditcinekparcel complexes as risk
management techniques, given the need for effectivetrimation, may have relied upon its
being part of a poltical economy. At the same time, theeaficworking of the poltical
order necessitated that the leader meet his or her rdsfitynso the people (e.g., food
availability after hazards) (Thomas 1994). If he or she didthey risked usurpation. This

situation raises the possibility that while influenoeer risk management capabilties of
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ditch-and-parcel techniques was one source of power forr¢eeadeOfu, it was also a
necessary component of maintaining power. The leader wageahaf the collective and the
abilty to lead was tied to meeting that responsibility to prouispecially in smal-scale

chiefly polties lke Ofu.

How and when ditch-and-parcel technology became manageddsydeis unknown,
but the construction of ditch-and-parcel networks in dpg@bminent positions in the i
century AD and later presents a minimum age for the develuprithe development and
management of ditch-and-parcel networks marks a simple aaldssale political economy.
The scale of this political economy is in no way simiarthose documented in the larger
polties of Polynesia, ke seen in the larger islandsh@fiawaian Archipelago (Dye 2014;
Earle 1978, 1997, 2012; Hommon 2013; Kirch 2010). Only a portion of the productive
environment on Ofu can be said to have been managed by leiademit¢h-and-parcel
networks), and there is no evidence that implies leaders gompletely divorced from daily
agricultural activities, even though some tribute wastmed historically (e.g., Mead
1969:69). The situation might be similar to that of Tikopia wiérd found that chiefs had

obligations and opportunities in the economic system:

the major obligation of providing the chief’s household with food falls upon the chief
himself, his sons, brothers, and other immediate kin...there is no permanent and
institutionalized court surrounding the chief, as in somihefarger Polynesian
islands, which relieves him from ordinary labour (1939:19).

But, at the same time:

The chief is the head of the clan, its representatil the gods, mediator for his
people in regard to the fertility of their crops. Hence bistrol of supernatural forces
in the interests of his people on the one hand should beeaalshhis control of their
material resources on the other (1936:376).

In summary, then, | propose that the role of food production ipdlial economy of Ofu
was to support the maintenance of the social order through wadiabour projects and
redistribution. Questions remain as to the exact timinghariges to the poltical economy
and how the paical economy of Ofu fits within the wider social network of the Manu’a
group. The latter is particularly important to recognisej @ data is yet available to

evaluate the situation.
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The Place of the Ofu in Polynesian Production Systems

The problem developed at the beginning of this thesis addréeselfféarences
between Samoan production systems and those of similar $lynielands. In this section,
the course of agricultural change on Ofu is examinedinvih Samoan and wider Polynasia

context, highlighting similarities and differences.
Ofu and Samoan Production Systems

Little is known of the temporal development of agricultuegtivities on any island
other than Ofi. On Tutuila, Carson (2006:18) has documented the construction of “residential

15" mille nnium

clusters” interpreted to be associated with agriculture at the beginning of the
AD (35" centuries AD), expanding thereafter, with a posited mark@edse in the use of
inland valley locations after the tf%entury AD. On ‘Upolu, examples of agricultural
infrastructure, drainage features, appear to have beerinbiie 13"-17" centuries AD,

based on the spatial association of a possible drainage systechated features (Ishizuki
1974:56), with some agricultural activity occurring before tinagé indicated by burning
beneath the features. Similar drainage features mayesent on the valley floor of Falefa on
‘Upolu (Davidson 1974a); these are morphologically the most similar agricutturatufes to
ditch-and-parcel complexes on Ofu. Stone walls, possibly detmgycareas of habitation

and cultivation, were buitt in Mt. Olo during the last 1,000 yesith most investment in the

300-400 years before European contact (Jennings and Holmer 1980b).

The timing of the expansion of agricultural activitissbroadly consistent with
sedimentological data signifying increased erosion and depostito coastal flats. Clark
and Michlovic (1996:155) have suggested that the clearanagest bn the slope around
‘Aoa Bay, Tutuila was a factor that led to the infilling of an anciembayment. The timing
of this sequence has not been well-established, but potehisalbetween coastal landscape
evoluton and sea level fluctuation suggest it occumethé £ milennium AD (Clark and
Herdrich 1988:174). In the last 1,000 years, the increased usandf mbnes for cultivation
and habitation has led to erosion across Tutuila (Clark andrieh 1988; Clark and
Michlovic 1996, Pearl 2006). Specifically, Pearl (2006) has arguedhthatcreased
intensity of land use occurred in the™dentury AD and later, and that the process of coastal
sedimentation in the last milennium was an archipelagte wrocess (Pearl 2006:64). This
implies that such sedimentation was linked to both ineckase of the interior zones and

climatic fluctuations, such as increased precipitation.
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The lone stable isotope study of human bone undertaken ardheelago examined
the diet of 14 individuals on Tutuila, with most individuals idpto either the 16-11™"
centuries AD or the 1%.16" centuries AD (Valentin et al. 2011:478). The results of this
study show that domesticates were a major component (70-80tperfcine diet of all
individuals studied (Valentin etal. 2011:479-480, Table 3), and thaceease in the
terrestrial component of the human diet occurred oversiie~IL,000 years of prehistory
(Valentin et al. 2011:480). Though, this latter increaseodast.

These data and interpretations are comparable to trendfedentn Ofu. Increased
sedimentation observed on Ofu through tflemilennium AD might correlate with the
situation at A’oa Bay, though the precise timing of infilling there is yet to be established (see
Clark and Herdrich 1988; Clark and Michlovic 1996). Second millennium edimentation
on Ofu (18" century AD and later) is comparable to that identified barIR@006), but Pearl
(2006:63) does suggest that sedimentation on Tutuila was mitant around the
beginning of the 14 century AD. The use of ditch-and-parcel complexes ond@furs
slightly earlier (11"-12"centuries AD) relative to most dated agriculturalaistructure
elsewhere in the archipelago {18entury AD and later); though, some early infrastmadtu
development might be intakped in the “residential clusters” identified on Tutuila (Carson
2006:18). Apart from the possible early examples on Tutuila, ethpdral sequence of
agricultural infrastructure, especialy the largearagles such as ditch-and-parcel networks
(this progct) and the residential ward infrastructure on ‘Upolu (Jennings and Holmer 1980),
is congruent with evidence of a developing social hieraiche 18" century AD and later,
which is indicated by settlement pattern studies, monurnentaitecture, and lithic resource
intensification (e.g., Addison 2010; Clark 1996; Holmer 1980; QuintasCdark 2012;

Walin and Martinnson-Wallin 2007; Winterhoff 2007).

However, these regional patterns do not wholy reflect dhairecesses of
agricultural development or similar agricultural systerbocal factors and historical
contingency led to different responses to natural procesdedesalopment thereafter. Most
apparent is the marked topographic variability across thpala@go, and this environmental

variability may have influenced the development of productigstems in Samoa.

Variable agricultural systems developed even on nearlyectimg islands, Ofu and
Olosega, separated by a 100 m wide channel. Food production on Oldsedjaviss based

on shiting cultivation and arboriculture, systems dividedaligrge ditch feature stretching
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the length of a large HFD zone (Quintus 2012). Upslope oftltfal were non-residential
terraces, perhaps utiised as cultivation plots or temporeldy ghelters during the cultivation
of the surrounding slopes. Downslope of this ditch was theéergisil settlement dispersed
among a forest of economic crops, primarily coconut and breadihgt.ditch itself was
important socially as a division between residential andresidential areas (Quintus and
Clark 2012), but it was also a way to trap and divert sedimentetbated from erosion
caused by forest clearance upslope (Quintus 2012). Ditchedu@me®ed a similar purpose,
as drainage devices, but the scale of construction weredtiff as was the composite nature
of features (both ditches and parcels). The ditch on Olasegaures over 1 km in length;
the total inear length of the largest ditch on Ofu ®4% m. The Ofu ditch-and-parcel
complexes did little tgrotect most residential features, but, instead, “protected” sloping land,

or parcels, that appear to have been cultivated.

The agricultural systems of these two islands origifeden different histories and
environmental circumstances, as indicated by differencéandgtion. The construction of a
single large ditch on Olosega implies a centralised lapoaject and community level
cooperation and coordination. However, production manageme ritatedil by the ditch-and-
parcel networks on Ofu must have been operated differenti@lasega, particularly in light
of no evidence of field permanence on the latter. While piigmdaon both islands practiced
arboricutture and shiting cultivation, arable land on Olassgmore limited than on Of
simply based on island size. These differences in theenafuhe production systems on
these two islands may have had social impacts, reminiscent of Hawai’i and Rotuma (Kirch
1984, 1994, 2010; Ladefoged 1993, 1995). Histaric-conflict in the Manu’a Group often
included the island of Olosega (Moyle 1984; Wikes 1852), whicheisiallest of the three
islands. It is conceivable, though speculative, that diftsxe in the production systems

between the islands could have been one factor in higi@icaggression.
Ofu and Polynesian Production Systems

It is by the comparison of different courses of agricultutladnge that general
processes and unique historical characteristics are doam@Morrison 2007). Even though
many agricultural systems in the region were intetsif(Kirch 1984, 1994), the use of
multiple cultivation techniques is wel-documented @vesal courses of agricultural
development (e.g., Addison 2006; Allen 2004; Kirch 1994, 2007b; Kirch and Yen 1982,
Kurashima and Kirch 2011; Lepofsky 1994; Lincoln and Ladefoged 2014).
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This is comparable to the situation on Ofu where, by thdeoéthe sequence, shifting
cultivation, arboriculture, and ditch-and-parcel techniquese all practiced. The use of
shiting cultivation at the beginning of the Ofu cullusequence is consistent with evidence
of the importance of the technique at the time of islamldnsation from Futuna, Tikopia,
Hawari’i, and the Society Islands (Athens 1997; Athens and Ward 1993; Kirch 1994; Kirch
and Yen 1982; Lepofsky 1994). Though Leach (1999) has questioned ke use
geoarchaeological evidence to infer the presence of shifiigation in the Pacific, the
presence and expansion of shifting cultivation better iagplhe changing patterns of
terrigenous deposttion on the Ofu coast than does an eiptar@ttirely implicating climatic
inluences or vegetation burning for residential purposks. practice of shifting cultivation
throughout the cultural sequence of Ofu is comparableetettnographic situation on Anuta
(Yen 1973), the Society Islands (Lepofsky 1994), the Marquesas Igaddson 2006) and
Futuna (Kirch 1994), where the technique was used alongdit strategies. This situation

is likely for other islands in the region as well.

The development of arboriculture remains poorly understood ort@fugh modern
vegetation patterns and interpreted storages pits kit ttwvas an important component of
the production system by the end of the prehistoric sequ€faecan be added to the list of
islands where tree crops were an important source of staquls fe.g., Huebert 2014; Kirch
and Yen 1982; Lepofsky 1994), with the knowledge that the importantesaf crops,
especially breadfruit, likely waxed and waned during theigiogle sequence. Arboriculture
was an important development on small islands with high p@puldensites. Tree crops,
especialy breadfruit, produce high yields while eitheswallg habitation or cultivation in
the understory. In many places in the Pacific, arborieultvas and still is practiced in or
near residential areas (Kirch 1994; Lepofsky 1994), as appears tbdwvehe case on Ofu.
When cultivation space is limited by residential agtiviin small islands, the expansion of
arboriculture can be an avenue for increased production. Hsp&deen paired with storage
to counteract cyclone damage and increase food availabittbgri@iture is an important
subsistence component of production systems in spatialymsioribed environments
(Huebert 2014).

The limited agricultural infrastructure documented on, @He ditch-and-parcel
complexes, is reminiscent in form and, presumably, functionytandr ditching identified on
the North Island of New Zealand (Barber 1989). This could rétaghared environmental

conditons that necessitated the management of erosiongandriergy run-off. However,
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the variability of ditching in New Zealand is far greatieain on Ofu, as would be expected
gven the environmental variability of the mixed contiagérand volcanic context of New

Zealand.

At the theoretical level, the importance of risk managemechniques on Ofu adds to
a growing body of Iterature that supports the proposition tpadudiural infrastructure was
developed to stabiise, not just increase, production in thenrégig., Addison 2006; Allen
2004; Campbell 2001; Ladefoged et al. 2013; Lee et al. 2006; McCoy and Hag26lom
Stevenson et al. 2002). These strategies reduced the imghet mbst common hazards,
specifically cyclones and erosion caused by high preaptatihese case studies, Ofu
included, provide further evidence of the influence of envrental variability on
subsistence strategies (e.g., Addison 2006; Allen 1992, 1997, 1998; Alerraamd2@09;
Field 2003; Huebert 2014; Kirch 1994, 2007b; Kirch and Yen 1982; Ladefoged and Graves
2008; Ladefoged et al. 2009, 2013; Riey 1973).

Often times, agricultural infrastructure was coopted agides for use to support the
poltical economy; this situation is hypothesised for Gfarid. Earle (2011a,b) argues that
opportunities for the appropriation of production by chiefs are prviebottienecks that
restrict access to goods. Such bottlenecks have been most readily documented in Hawai’i,
where both dryland and wetland production created conditions wbetel was possible.
Certainly, the construction of infrastructure on highlpdarctive land lent itself to
management, as has been noted by others (Earle 1978; 1997; Ladefbgedchvas 2008).

What the Ofu example adds to this discussion is the iexggicognition of the role of
risk management infrastructure in the creation of pramludtiottienecks. Managerial
inluence over low variance cultivation techniques rmpagvide leaders with a platfiorm to
demonstrate their abilty to lead, their eficacy amdna In some polties, the maintenance
of power was not just tied to demonstrations of abundance lthieagting but also
demonstrations of resiience to destruction. Such aeituati which risk management
technology was appropriated for poltical means has been doedmeuntside of Ofu. Chiefs
controlled larger storage pits in the Marquesas that dmidsed either for competitive
feasting or to offset the effects of periodic drought and cycitar@age (Kirch 1991a). When
chiefs in the Marquesas were not able to provide for geple, they could be removed
from leadership posttions (Alen 2010; Thomas 1990, 1994). The managemeneadifuit

storage pits may have enabled some Marquesan leadersitmirméieir positions. Other
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examples attest to the acquisition of power by individubdg ¢ould manage production after
the previous leader had failed following environmental periorst such as Niue (Thomas
1994:115-116). These various examples raise the possibilityhéhabntrol of systems of
redistribution through authority over risk management niglogy was a key avenue of power

acquisition and maintenance in some Polynesian societies

Nevertheless, the sequence of agricultural change osQifusome ways,
fundamentally different to others in the region. Ofu iswa kland. For some perspective, its
total size (7.3 k) would constitute 12 percent of the Leeward Kohala FieldeSysmn
Hawai’i Island. This size means that no wet and dry dichotomy exists to influence the course
of agricultural development on the island as it did in larglands and archipelagos of
Polynesia (Barrau 1965; Kirch 1994).The lack of permanent stfleanhas restricted the
use of wetland techniques to natural marsh zones on the aodghere is no evidence of
flooded irrigation. Because Ofu has steep topography, only aosas can be cultivated.
Microenvironmental diversity is limited, restricting theeuof diversification techniques to
some extent. Impacts of storm activity cannot be offset égsanf the island that are less
severely impacted because all areas are impacted abaintiee In the last 30 years,
cyclones and other tropical storms have resulted in taeatmndonment of Sili vilage on
Olosega and the need for increased transportation of foodTutuita.

The collection of these characteristics reduce the aaijpy between Ofu and
many other courses of agricultural development in Poyynesich as those identified in
Futuna/’Uvea, the larger islands in the Hawaiian Archipelago (e.gwdii Island, Maui,
Molokai), and Mo’orea (Society Islands). For instance, in identifying intenstifaoa on Ofu, |
have considered the scale of analysis and the impactlef@c the characterisation of
processes of agricultural development. Consideration afdhle of analysis highlights
important differences in the scale of intensification wieented on Ofu in comparison to
other islands. Even though many processes of agriculineisification were qualitatively
similar throughout Polynesia, in that they involved tl@edased input of labour through the
construction of infrastructure or decreased falowing at apsttial scale, the degree to which
systems were intensified was variable. Infrastructdealelopment on Ofu was limited to
ditch-and-parcel complexes, which were spatially restticFor the most part, increased
production was accomplished through the expansion of shiftifigaton and, presumably,
arboriculture at set levels of intensity. Depending on one’s definition of ntensification and

the scale of analysis, intensification may not haveuroed on Ofu. This is in contrast to such
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places as Hawai’i Island, for instance, where significant infrastructural developments
occurred over large stretches of land in both wet and disoements as part of processes of
expansion and intensification (Ladefoged et al. 2009, 2011).

A number of factors likely contributed to the relative lackni#nsification processes
on Ofu, such as the natural productivity of this tropicalirenment, both terrestrial and
marine. Another interestindifference between Hawai’i Island and Ofu, however, is the
nature and scale of the poltical economy. It may be tisatifferences in the scale of the
intensification process seen on the two islands wer@lyamelated to differences in social
pressures. On Hawai’i producers were pressed to support the political economy through
ideology and force (Dye 2014; Earle 1997, 2011a, 2012). McCoy (2006:308-313) has
proposed that some rain-fed agricultural systems onKdldlmay have been built for social
production; a view somewhat in concert with the recent@pniexpressed by Dye (2014) for

leeward systems on Hawai’i Island. This was not the case on Ofu.

Not surprisingly, thecourseof agricultural development on Ofu is more like that of
Tikopia, a small Polynesian outlier comparable in size to @én any other. This highlights
the role of island size. In both cases environmental chHaagean impact on subsistence, with
progradation directly burying portions of shallow marine enviments. Shifting cultivation
was a key factor in landscape evolution on both islands, ansetiuence of deposition
appears to be generally comparable; increased sedimentatiamedda the i milennium
AD on Ofu and in the middle to laté" inilennium AD on Tikopia (Kirch and Yen
1982:316). Progradation and colluvial infilling appear to have beerathdyst for the
formation of freshwater marshes on both islands (Kirah¥en 1982:84), though this is less
clear on Ofu. On Tikopia, landscape evolution subtracted 41 pertexrploitable reef area
by the end of the prehistoric sequence (Kirch 2007b:89), whiobughly comparable to the
situation on Ofu. It may be that the degree of changatitzs of different productive
environments is an important consideration in trajectarfesubsistence change on small
islands. After, arboriculture became a component of eachrsybig to a greater degree on
Tikopia where 95 percent of forest is tree crops and cultiginsh 2007b:90). Investment
in arboriculture formed a key risk management resourcellsgnby the presence of storage
pits (Kirch and Yen 1982:63 for Tikopia), and increased long-tferaduction system
sustainability (Vitousek and Chadwick 2013). It also offerecb@ortunity to increase
production in an environment with a high population density dcrgasing the vertical

capacity of the food production system.
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This evidence highlights the influence of island sizeagnicultural development, but
size is a complex issue and the influence of size amalulpractices often depends on
proximity to other islands. Isolation is a characteristiosn®flarity (Fosberg 1963), but some
islands are more isolated than others (Terrell et al. 1987imeluded comments). Ofu is part
of a wider archipelago, and is in proximity to two other snsddnds. Ofu was, at least to
same degree, autonomous, but frequent contact between the islands of the Manu’a Group is
known ethnographically (Mead 1969). On the other hand, the eeistlation of Tikopia is
well documented (Firth 1936), as it is not part of a largeripalalgo, though evidence of

prehistoric contact is also clear (Kirch and Yen 1982).

Key differences in agricultural development exist betwBkapia and Ofu that may
stem from differences in degree of island isolation. @opia, the use of shiting cultivation
techniques declined as arboriculture became an important camhpfriee production
system (Kirch 1994, 2007b:89-90), while shifting cultivation pedidhrough the cultural
sequence of Ofu. At some point, pigs were eliminated from Bkagid there were strict
cultural norms that inluenced population levels (FI®B6; Kirch 2007b:95). Neither of

these occurred on Ofu.

The decline of shiting cultivation on Tikopia may be thoughtas a way to maintain
the long-term potential of the landscape as a growing papulagcessitated that more land
be brought under cultivation and landscape evolution decrdlasenatural productivity of
some marine environments. The increased utilisationbofiaulture increased sustainability
through environmental management, specifically erosionatcamid the increased vertical
capacity of the production system. The shift to a productioteraybased on arboriculture,
the extirpation of pigs, and the development of culturalidds toward population control
were logical outcomes of the need for production stability tieedhability of populations to
increase human carrying capacity through periodic egehanhe inhabitants of Ofu
certainly invested in risk management systems thhiistal their production systems, as
discussed above.uB pressures to transform the agricultural system basey solel
ecological factors were not as great in comparisomikopia because of social relationships
with Ta’u and Olosega. It is conceivable, though speculative, that sustaingbleulation
levels couldbe managed in Manu’a through periodic population fission and relocation on the
three islands. The situation may have changed by Eurcpmaact as confict between the
three islands occurred. The relationship among thelsslafiManu’a is a fruitful avenue for

future research, but was beyond the scope of this thesis.
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To summarise this section, the comparison of agricutture¢la@ment among Ofu
and other islands in Polynesian ilustrates how siriéeriand differences develop as a result
of the intersection of environment, history, cultural pcasti and demography. These factors
were important in all courses of agricultural change,itbuais their differential combination
that led to local developments in agricultural systems. Beocaiuthis, no two coursed o
agricultural development were the same. Variabilityhés bhasis for archaeological
interpretation, and information gleaned from case studietrimutes to our understanding of
the relative importance of different factors through spawktime, as well as the general

processes that underlie most courses of agricutural develbpme
Conclusions

This thesis has presented the results and interpretatf a research project explicitly
geared towards understanding prehistoric agricultural sysiertmne Samoan Archipelago. In
this respect, it provides significant contributions at thalloegional, and theoretical level.
The key contributions of this thesis are summarised bbipaddressing the aims of this

research as they were presented in the introductory echapt

Addressing the Aims of thisThes's

Before this study, Samoan agricultural tsiys were described as involving “neither
intensive labor nor largseale capital investment” (Carson 2006:6), and Samoa was
highlighted to illustrate that the process of intensifiaativas not inevitable in the Pacific
(Leach 1999). Nonetheless, researchers agreed that trewre paacity of archaeological
research on Samoan agricultural systems (Burley aantt @D03), that the lack of an
archaeological examination of Samoan agricultural systeasavgap in our knowledge
(Kirch 1999:328), and that such examination of agriculturakldpment in Samoa was
necessary (Leach 1999:333).

The course of agricultural development on Ofu provides ealpievidence
contradicting the assumption that™€entury AD subsistence systems in Samoa are simply
extensions of the prehistoric situation. On Ofu, theu@lltsequence of settlement and
subsistence exhibited marked changes. The trajectory icditagel change is characterised
by increased labour investment into agricultural activitiégscomplished by increasing the
area of land under cultivation and developing agriculturdstructure. Some of these

changes can be described as intensification at an-iskaed or HFD scale, but agricultural
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intensification was only a minor component of the coursegrfidtural development and the
characterisation of the sequence as one of intensificasi dependent on the spatial scale of
analysis. Expansion at set levels of intensity and tievation of techniques that modified

the landscape appear to have been essential componentsseriiece.

Kirch (2007a) and Vitousek (2002) have argued that islandsakable model
systems or natural laboratories for understanding long-tewiogical and cultural processes.
The situation of Ofu adds to the temporal depth of theseahaddperiments. Ofu and the rest
of the Manu’a Group represent the eastern extent of the Lapita colonisation at the beginning
of the F'milennium BC. That the agricultural system developed ineplacSamoa, and
other places in West Polynesia (Kirch 1994), for some 1,500 yefare lee colonisation of
East Polynesia provides insights into dynamics at work prior pansion.

Based on added time depth, an insight that needs to be testeduturth relates to
the development of agricultural infrastructure. Few exanpleagricultural infrastructure
have been identified in West Polynesia prior to tfénfllennium AD, though pondfields
may have been buit on Futuna as early as theeditury AD (Kirch and Lepofsky
1993:187). In most other areas (e.g., Kirch 1988; Kirch and Yen 198@linrgcl Ofu as
reported here, the prehistoric sequence of agriculture the B milennium AD is
characterised by a lack of archaeologically visible stftewture. Even on Futuna, extensive
and complex pondfields were not buit until the last fewdherh years prior to European
contact (Kirch 1994). This is more in line with evidenceEast Polynesia for the late
construction of infrastructure (e.g., Addison 2006; J. Alen 1992; MnAR004; Barber
2004; Dye 2014; Fuery 2006; Kirch 1994; Ladefoged and Graves 2008; Leach 1979;
Lepofsky 1994; Rosendaul 1972), but here these developments occusoouner after

island colonisation relative to West Polynesia.

One hypothesis that may explain this situation is lothan expected rates of
population growth for West Polynesia, as well as the continfitgmall communities for
some time after colonisation (see Addison and Matisoo-Sat0; Cochrane et al. 2013).
However, more research is necessary to test whethes thidy the case, both in terms of the
lack of agricultural infrastructure and ideas regardilmyv rates of population growth,
particularly on the large islands of ‘Upolu and Savar’'i. An alternative hypothesis is that
systems of production in East Polynesia were changedtladtantroduction of the sweet

potato at the time of colonisation, which caused reconfigumsitiof cultivation strategies (the
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Ipomoearrevolution, McCoy 2006:309-313). The testing of these ideas map Ingeresting

topic for future research.

Apart from adding temporal depth to the general sequenceiafliagal change in
the region, this case study on Ofu demonstrates the \iyriadfithe process of agricultural
development in Polynesia, and ilustrates some factordtingt about that variability. This
study makes a contribution to the recognition of the impaetasicyield stabiisation in the
long-term development of agricultural systems, buiding uponquevesearch (e.g., Allen
2004; Marston 2011). The use of two different risk management teshng Ofu highlights
the internal variability of risk management as welatgies that reduce the variance of
production likely have very different consequences in conguarie strategies that reduce the
variation of resource availability. Most strategiest tiemluce yield variance are capital
investments in the landscape, like ditch-and-parcel coeplen Ofu. These can require
substantially more labour, and sometimes more group cooperatiocoardination, relative

to storage or other techniques that reduce resource digilabi

Not only does yield stabiisation increase the likelihood aj-tamm survival, but it
also changes the direction of agricultural development. Ead@nesented in this thesis
suggests that the use of stabilisation devices cregigoltunities for future developments.
One consequence of the use of infrastructure thatecreatiability between different
cultivation techniques on Ofu was the formation of camdit conducive to management by
leaders. This situation highlighted the role of history argl gavelopment in courses of
agricultural development (Lansing 2007; Morrison 2006). Kirch (1984)angued that
explaining agricuttural change requires the examinatibhistory and of process. History is
important because unique characteristics of local culumd physical environments, coupled
with changes to those cultural and physical environmentSemirenique opportunities at the
same that they present constraints (Gould 1986). Procegsorant because it highlights
general constraints that lead to fundamentally diffefgathways, such as population growth,

risk, or political economy.

What generates courses of agricutural development ieli®mship between
context (e.g., local environment and culture), process (e.g.siimbation, expansion,
disintensification), and the consequences of cultivatiategjies (e.g., risk management,
increased production). Process is embedded in history, and hestiofiye ntial in process by

providing the raw materials that effect development. Of kieyest here was risk
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management, which is dependent on the selective presdutesenvironment intrinsic to
the local environment. The consequences of risk managemeen, their own functions to
either create or counteract pressures, influence direatibfigure change. Cause and
consequence, products of history, partially construct prockdddaison 2006, 2007).
Agricultural trajectories are, therefore, feedback loops iehwbause and consequence are

continually interacting and transforming.

Studies of agricuture have moved well beyond unilinear manfethange that
privilege techniques of increased production. Stil, continteskarch is necessary to both
document the underlying conditions that result in genematesses of development and the
unique historic circumstances that lead to local productysterss. Al in all, these studies
not only inform our understanding of how and why human pomodatchoose to produce
their food, but also contribute to our more general understarafitige intersection of

human-environmental interaction and socio-economic relations
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Appendix I: Feature Data

Table A.1 Feature information for A'ofa parcels

Parcel Size (") Class From Feature 19 From Centre Ext Centre
Number (m) (m) (m)
13 172.63 1 27 89 68
14 236.5 1 23 54 40
4 324.29 1 101 155 123
10 460.75 2 184 251 225
16 511.52 2 50 119 112
2 617.03 2 182 117 151
8 640.56 2 217 273 241
15 644.91 2 59 19 46
6 667.5 2 145 184 148
11 714.53 3 137 208 189
9 800 3 209 271 241
7 803.3 3 186 246 215
21 811.02 3 277 305 326
5 830.74 3 137 140 104
12 835.54 3 67 62 25
18 844.77 3 188 218 237
19 891.52 3 146 194 204
25 931.61 3 332 373 388
20 952.4 3 250 281 301
17 953.56 3 60 120 121
26 1089.33 4 336 372 390
22 1127.51 4 275 269 301
27 1346.53 4 348 380 400
1 1371.62 4 476 406 418
3 1623.67 4 205 135 149
24 1693.01 4 318 355 369
23 3063.38 4 299 310 337
Table A.2 Feature information for ditch length in both occupation zones
Occupation Zone Type Parcel Number (s) Size (m)
A'ofa Single 1 92
A'ofa Single 2 72
A'ofa Single 3 114
A'ofa Single 4 75
A'ofa Single 5 82
A'ofa Single 6 113
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A'ofa Single 10 63

A'ofa Single 12 99

A'ofa Single 14 52

A'ofa Network 16-17 145

A'ofa Single 19 82

Network 22-23 212

Tufu Network 2-3 154

Tufu Network 5-7 161

Tufu Single 9 41

Tufu Single 11 73

Tufu Single 13 118

Table A.3 Feature information of A'ofa terraces
Feature Coral? Length Width Area Class Elevation
Number (m) (m) (m?)
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32 No 19 11 209 3N 136

34 No 20 8 160 2N 154

36 Yes 21 14 294 3C 147

38 Yes 16 7 112 2C 128

41 Yes 10 7 70 1C 127

49 Yes 21 15 315 4C 118

52 Yes 25 12 300 4C 128

57 Yes 26 15 390 4C 136

59 Yes 26 13 338 4C 112

64 Yes 14 10 140 2C 114

66 Yes 17 11 187 2C 114

68 Yes 20 12 240 3C 109

70 Yes 21 8 168 2C 105

72 Yes 18 13 234 3C 98

74 None 21 9 189 2N 90

100 Yes 24 15 360 4C 75

102 Yes 13 9 117 2C 117

104 Yes 22 9 198 2C 82

Table A.4 Feature information of A'ofa depressions
Feature Number Stone Lining (Present) Diameter (m) Depth (m) Class

7 Yes 2.9 0.48 1E
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87 Yes 4.5 0.36 3E

89 Yes 2.2 0.28 1E

91 No - - NA

93 Yes - - NA
Table A.5 Feature information of Tufu parcels

Number Size (M) Class Distance from Centre (m)

6 317 1 58

5 400 2 52

8 570 2 35

12 610 2 187

7 640 2 82

2 980 3 109

15 1191 4 149

13 1702 4 171

Table A.6 Feature information of Tufu terraces

Feature Coral? Length Width Area Class Elevation
Number (m) (m)
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L3 Lidar 11 5 55 NA 118

L5 Lidar 23 6 138 NA 133

L7 Lidar 30 8 240 NA 97

L9 Lidar 28 13 364 NA 79

Table A.7 Feature information of Tufu depressions
Feature Number Stone Lining (Present) Depth (m) Diameter (m) Size Class

5 Yes 0 1* NA

7 No 1 3* NA

10 No 0 3* NA

12 No 0 4* NA

19 No 1 2 IN

34 Yes 0.25 2.3 1E

38 No 0.31 3.8 2N

42 No 0.25 2.2 IN

45 No 0.21 1.9 IN

48 No 0.29 2.3 1IN

50 Yes 0.4 2.6 1E

52 Yes 0.85 4.3 3E

69 No 1.36 4.3 3N

71 No 0.67 4.2 3N
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