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Abstract

Curated archaeological charcoal assemblages are a significant palaeobotanical resource capable of
providinginsightintothe human-plantinteractions of the past. This thesis tests the appropriateness
of two early Polynesian coastal east Otago charcoal assemblages, Shag River Mouth and Purakaunui,
for retrospective anthracological analysis. The ability to inform on past fuel collection strategies and
vegetative impactsisinvestigated through the taxonomicidentification of specimens from within the
two assemblages. The environmentalimpacts are investigated within the context of amodelled
Initial Burning Period. Shag River Mouthis largely presented through singlefire pit samples and was
able to provide evidence of intensive resource depletion synonymous with the Initial Burning Period.
Purakaunui provides a contrastingimage of more sustainable resource management, distancingit
fromthe trends predicted for early Polynesian vegetation management by the Initial Burning Period
model. Thisresearch has shownthat all curated archaeological assemblages can be revisited,

although due consideration should be made as to research aims of such investigations.
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1. Introduction

The history of New Zealand archaeology includes the excavation of sites integral to our
understanding of Polynesian Colonisation, many of which cannot be re-excavated. The legacy that
these excavationsleave behind are theirassemblages. These assemblages range from the vast to the
minimal butall subject to the same practice; curation. The material thatis removed during
excavationisinevitably the result of some form of field sampling, and furthersamplingwhen orif
laboratory analysisis performed. The resulting assemblages, merely a fraction of the site’s original

material, are the inheritance of future researchers.

Thisthesis investigates the suitability of curated charcoal assemblages for retrospective investigation
by anthracology (the study of charcoal). This will be undertaken through the application of
appropriate sampling of the existing collections, the identification of specimens and analysis of the

generated data.

The validity of curated assemblages will be tested through the investigation of three research

guestionsforthe Polynesian colonisation of East Otago:

e Doesfuel use change overtime?
e Canvegetationimpacts be seen through the anthracological record?
e Do vegetative impacts at the site fit withinthe modelled Initial Burning Period of

anthropogeniclandscape modification?
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Figure 1. Map of Purakaunui and Shag River Mouth on the east coast of Otago, New Zealand.

| have chosen to focus thisinvestigation ontwo archaeological midden sites from coastal East
Otago, Shag River Mouth and Purakaunui. These two sites represent similar estuarine and coastal
environmental regimes and both belongto the early Polynesian se ttlement period. Shag River
Mouth and Purakaunui were also chosen as their curated charcoal assemblages represent two
different sampling methods. A comparison between the two different sampling methods will assist

indeterminingthe assemblage attributes necessary for sound interpretation.

1.1 Problem statement

Defined by Dotte- Sarout et al. as “[the study of] wood charcoal macro-remainsto provide both
palaeoenvironmental and palaeoethnobotanical information” (Dotte Sarout et al. 2015, 1)

anthracology extends beyond the taxonomicidentification of charcoal specimens. Charcoal is



identified within this thesis asawood that has undergone pyrolysis; “wWhen organic material is

heatedinthe absence of oxygen” (Scottand Damblon 2010, 2).

As with all research based disciplines, anthracology is constantly evolving as technology and
techniques develop; the development of light incident microscopy allowing for fast and systematic
identifications (Théry-Parisot et al. 2010). Recently the increased accessibility to scanning electron
microscopes (S.E.M.) allows higher resolutionimages, avaluable tool foridentifying minute
anatomical differences (Huebert 2014).As the technology develops methodology develops alongside.
The Montpellier school of France has beenintegral inthe development of anthracological
methodology, providing guidelines forappropriate sampling, bothinthe field and laboratory (Chabal
et al. 1999; Figueiral etal. 2000; Scheel-Ybert 2001). Current anthracological practices will be

exploredfurtherand critiqued within the methodology chapter.

The ubiquitous nature of charcoal in New Zealand’s archaeological record isin parta result of Maori
cooking practices. Although there were many methods for cookingin pre-European New Zealand
(see Beattie 1994) the most widely recognised inthe archaeological record is that of the umu, or
earth oven. Anumu functions through the heating of stones, which are buried with the food, rather
than through directfire contact. As such, wood fuel isused to heat the stonesand as umu are buried
thereisalack of readily available oxygen resultinginincomplete combustion or pyrolysis. Charcoal
isalso found withinthe archaeological record associated with the practice of land clearing (Williams

2008, 66) (see Introduction; research Scope).

Although the identification of charcoal for radiocarbon dating purposes has been encouraged since
the first New Zealand Archaeological Association conference (Golson 1956), the theoretical
framework associated with anthracology has been notably lacking. This absence means there have

been few examples of systematicand comprehensive field sampling of botanical remains.

Studies specifically focussed on identification of charcoal specimens have been undertaken as part of
otherlarge scale investigations, such as those conducted by Wallace on the Shag River Mouth
assemblage (Boyd et al. 1996). Indeed, much of the work conducted in New Zealand has been
undertaken by Wallace (Allen et al. 2005; Furey 1998; Ladefoged and Wallace 2009). Howeverthese
investigations were not undertaken with anthracological analysis as aresearch goal. Whilst not
strictly an aspect of anthracology identification of non-carbonised wooden artefacts has also taken
place within New Zealand. The excavation of anaerobicsites, notably Kohika (Irwin 2004) has

provided alimited number of wooden artefacts.

The lack of anthracological intent which previous excavations has resulted in assemblages that are

curated without consideration for future anthracological research. These curated assemblages



represent the different sampling strategies that were in place on each excavation, as well as further
samplingina laboratory environment. Itis the purpose of this thesis to determine how appropriate
these assemblages are for anthracological research to be retrospectively applied through the

identification and analysis of existing samples.

1.2 Research scope

The contextfor thisresearchisthe early settlement of Southern New Zealand by Polynesian
colonisers. The chronology of settlement has been acentral issue for New Zealand archaeology. Itis
acknowledged that New Zealand’s settlement chronology is relatively short, it being the last major
landmass to be settled before the industrial revolution (Anderson 2014). Radiocarbon dates have
provided the majority of evidence used in the debates regarding New Zealand’s settlement. As the
science of radiocarbon dating advanced, it became possible to apply stricter standards to
radiocarbon dates. This effectively culled the number of ‘acceptable’ radiocarbon dates to those that
have the lowest risk of effects such as ‘inbuilt age’ (see Anthracology; radiocarbon dating) as well as
resultsthat were used to supportthe argumentfora ‘long’ chronology (Anderson 1991). Recent
investigations have resulted in new radiocarbon dates (Jacomb et al. 2014) as well as a systematic
analysis of existing radiocarbon dates (Wilmshurst et al. 2011), with both investigations placingthe

earliestsecurely dated settlement within the early 14 Century.

As the chronology of settlement and anthropogenicenvironmental impacts are the subjects of
ongoingdebate, aparallel modelthat can be considered is the Initial Burning Period (IBP). The IBP
provides an appealing modelforearly Polynesian vegetative interactions and advocates for the
importance of anthropogenicburningindriving late Holocene deforestation of the South Island.
McWethy et al. (2014) characterisesthe IBP as being a “period of deliberate burning” (McWethy et
al. 2014, 1) targetingthe established and “extensive native forestsin the South Island” (McWethy et
al. 2010, 21344). Radiocarbon dating of sedimentsamples hasindicated the IBP was dichronous and
occurred “between ca. A.D. 1280-1600” (McWethy et al. 2010, 21344). The motives forsuch
dramaticlandscape change have beentheorised toinclude the encouragement of important
carbohydrate sources Pteridium esculentum (bracken) and Cordyline australis (Cabbage tree orti) as
well as the facilitation of transport across the landscape (McWethy et al. 2010). McWethy et al.
(2009, 2010, and 2014) analysed non-cultural palaeoenvironmental data, namely pollen records and
macroscopic charcoal data, from the sedimentary records of “16 small closed-basin lakes” (McWethy

et al. 2010, 21344) throughoutthe South Island (see figure 2). The use of palaeoenvironmental



records creates proxies foranthropogenicimpacts. This model does not reference the direct

archaeological site evidence of charcoal generated as fuel.
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Figure 2. Charcoal accumulation rates (CHAR pieces-1 cm-2 y-1) and location of 16 sites, South Island, New Zealand. Site
names above plots and elevations (masl). (McWethy et al. 2010, figure 1).

The IBP modelis usedto explain large-scale landscape modification but does notaddress how it was
implemented at an occupational level. The palaeoenvironmental assumptions can be tested through

the analysis of archaeological charcoal assemblages.

The locations of the 16 sampled lakes shows a clear bias towardsinland Otago (figure 2). This bias
can be addressed through the investigation of coastal Otago, which remains within the dry leeward
coast of New Zealand (Anderson et al. 2015). Investigation of two coastal sites will also assistin
identifying the geographiclimitations of the behaviour modelled through the IBP. Purakaunuiand
Shag River Mouth are within close proximity to the dry coastal forests thatare vulnerable to
anthropogenicburningactivities. McWethy et al. (2010) suggested thatthe drierclimate of the East
coast of New Zealand would display greaterimpact as the dry south-eastern region of New Zealand
was more prone to natural fires (McWethy et al. 2014). In thisregionthe effects of the IBP should

be visible within the archaeological charcoal records of sites occupied duringthe periodasa



dramaticreductionin the visibility of large forest species and accompanyingincrease in shrubland

species.

The results of radiocarbon dating places the occupation periods of Shag River Mouth and Purakaunui
securely within the earlier period of the IBP. The radiocarbon dating results also provide tightly
dated occupation periods forboth sites thatindicate significant occupation and thus opportunity for
deforestation activity. ShagRiver Mouth has returned radiocarbon dates that place occupation at “a
period of perhaps 20-50 yearsin the 14" century AD” (Anderson et al. 1996, 67). Purakaunui,
althoughalso an earlysite, is considered to have been occupied forafew decades only “within the

general period of the early to middle 15 century” (Allen 2013, 13).

The two sites discussed in this thesis represent similar, but notidentical, vegetative environments
that are the result of theirgeomorphology. At Shag River Mouth, the Shag River which originatesin
the Kakanuiranges meets the seainan open estuary environment. Purakaunui, approximately 35km
furthersouth, isatidal inlet with surrounded by steep hills. The coastal forest and estuarine
environments that the two sites represent consist of awell-established series of plants (McEwan
1987; Moore 1963; Wardle 1991). Understanding the contemporary vegetative communities assists

inidentifying how wellthe charcoal record represents the vegetation.



1.3 Research objective

Thisresearchis guided through the application of several research questions, as follows:

1. Areexisting curated charcoal assemblages appropriatesources forretrospective

anthracological research?

This question will be answered through the analysis and comparison of two sites, an investigation

that is guided by the following questions:

2. Can changesinfuel collection be viewed overtime?

3. Do changesinfuel collection reflect on potential vegetationimpacts at the site?

4. Areanthracological analyses of East Otago archaeological sites consistent with the IBP

model for landscape modification?

These questions will ultimately lead to the overall aim of the thesis, whichis to create a set of

guidelines forfuture anthracological investigation, manifested in the following question.

5. What attributes rendera curated charcoal assemblage suitable forretrospective

anthracological research?

1.4 Thesis structure

Anthracology has not been extensively integrated within New Zealand archaeology. The history and
key conceptsare briefly introduced within the first chapter. The applications and limitations of
anthracology and several of the key theoretical frameworks are discussed in orderto provide aclear

explanation forwhy an anthracological approach has been choseninthis thesis.



The background chapter functions as an introduction to both the archaeological sites Shag River
Mouth and Purakaunui, and the associated vegetation regimes. The vegetation communities of the
two sites will be described overtime and space; and notable taxa discussed. The history of
archaeological investigations at both of the sitesis exploredin orderto demonstrate how
interpretation of the sites has changed as New Zealand archaeologyhas evolved. These previous
interpretations are also reviewed with the aim of placing both sites within the context of the

Polynesian colonisation of the South Island.

The third chapterdetails both the theoretical and practical methods used in this project. The
application of current theory, briefly explored in the previous chapterand expanded here, is
detailed. The sampling strategy is explained in relation to the multiple contexts represented within
thisresearch. The practical methodsinclude a brief description of the wood anatomy usedin

identification.

The results are presented forthe two archaeological sites investigated. They are separated into the
two cultural layers persite and the contexts within. A total of 950 samples were identified over both
sites and the results are presented with preliminary interpretations of fuel collection strategies and

indications of exploited vegetative environments.

The penultimate chapterdiscusses the results in relation to the research questions outlined in this
chapter. The data for each layeranalysedisinterpreted, whereappropriate, in orderto provide
information relevanttofuel collection strategies. Further analysis is then undertaken on the suitable
assemblagesto determine if vegetativeimpacts can be seen as well as placing these impactsinthe

widerregional setting of early Polynesian settlement of coastal east Otago.

The concluding chapter outlines the finalfindings of this research. The appropriateness and
applications of each context are summarised and the perimeters of anideal sampling strategy and

curation plan suggested.



2.  Anthracology

In the following chapter | will briefly explore the applications of anthracology inthe Pacific, and
internationally where appropriate, in order to demonstrate the range of research anthracology can

contribute towards.

2.1 A brief history

Anthracology as a research approach has its originsin the early 20*" century, althoughitdid not
emerge as a discrete discipline until mid-century. Salisbury and Jane (1940) are considered the first
researchersto attemptthe large scale identification of wood charcoal with the aim of reconstructing
past vegetation. Although their work was instrumental for the discipline it did not take cultural
factors into accountand thus is of debatable valuefor current methodology. The groundwork of
Salisbury and Jane was continued by Cecilia Western, producing athesis analysing the wood charcoal

from Jericho (Western 1971).

However, it was the research of Jean-Louis Vernet at the University Montpellier that has formed the
methodological basis foranthracology asitis practiced today. Students from the French institute
have been at the forefront of the discipline with significant contributions towards methodology and
theory (Chabal et al. 1999; Figueiral and Mosbrugger 2000; Scheel-Ybert 2001). As a result, the field
of anthracology has developed substantially within European archaeological research whilstits

uptake in Pacificarchaeology had been more recent.

2.2 Anthracology in the Pacific and Australia

A resurgence in anthracological research has recently occurredin the Pacific, resultingin several
publications (Byrne et al. 2013; Dotte-Sarout 2011; Huebert etal. 2010) as well as post-graduate
research at both the University of Otago and the University of Auckland (Allen 2013; Hand 2014;

Huebert 2010; Maxwell 2015).



New Zealand and the wider Pacific present arare opportunity to study humanimpacts on non-
human modified environs. New Zealand was amongthe last to be settled by humans thus allowing
anthropogenicimpacts to be identified and investigated with comparative ease due toashorter
chronology. The late settlement also allows forarange of paleobotanical methods, including
palynology and starch analysis (Horrocks and Barber 2005; Horrocks and Lawlor 2006; Horrocks et al.
2004), to be applied, providinga more comprehensive image of past vegetation as well as the

impacts humans have had on the vegetation.

The resurgence in anthracology within the Pacifichas centred firmly on the advancement of the
theoretical framework. The research being undertaken within the Pacificcan be placed in the wider
context of adapting the anthracological methodologydeveloped in temperate Europe to tropical
climates (Scheel-Ybert 2001). The application of international theories to local environments has
beenanimportantfocus;in particularunderstanding the effect of sampling on results ( Dotte- Sarout

2011) and building reference collections forthe Pacific.

2.3 Subsistence

Plant Management

Anthracological analysis proves a useful tool foridentifying and investigating subsistence strategies.
Within the Pacific, anthracology has been used toidentify the presence, orabsence, orintroduced
Polynesian cultigens (Allen et al. 2005; McCoy et al. 2010; Millerstrom and Coil 2008). It has also
been utilised to identify changinginteractions with native species (McWethy et al. 2009, 2010 and
2014).

The cultivation of tree species asafood resource, formally known as arboriculture, hasbeena
significant area of study within Pacificarchaeology. The introduction of breadfruit (Artocarpus altilis)
inthe Pacificis one example where anthracology has contributed to existing research. Within both
the Marquesas and Hawaii, the accepted date for the introduction of breadfruit has been pushed
back through the identification and subsequent radiocarbon dating of breadfruit charcoal
(Millerstrom and Coil 2008; McCoy et al. 2010). The work of Millerstrom and Coil (2008) pushed the
accepted date of a breadfruit-centred arboriculture back “several centuries before contact”
(Millerstrom and Coil 2008, 346). The introduction of breadfruitin Hawaii has also been subjected to
investigation through the carbonised remains of the breadfruit tree. The work of McCoy et al. (2010)
suggests a new chronology forthe introduction of breadfruitin the north-eastern Kohala district of

Hawaii (Allen 2004; McCoy et al. 2010).
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An example from alittle closerto home is that of the kopi (Corynocarpus laevigatus) on Rekohu,
Chatham Islands (Maxwell 2015). The kopi produces carbohydrate rich drupes which require
significant processing before becoming safe for consumption. Despite high labour costs, the kopi
represented asignificant carbohydrate source for the Moriori of the Chatham Islands. The under
representation of kopi compared to the expected presencefrom charcoal records has led Maxwell
(2015) to argue for the active management of the kopi. The anomalous representation of an
expected species was identified through anthracological analysis, thus identifying cultural practices

of plant management.

Modification of vegetative communities

Anthracology can also be utilised to identify the modification of original, or existing, vegetative
communities forsubsistence. The accepted boundary of introduced cropsin New Zealand is Banks
Peninsula (Barber2004; Furey 2006), resultinginaheavy reliance on native species such as bracken
(Pteridium esculentum) and cabbage Tree (Cordyline australis) as a source of carbohydrates
(McWethy et al. 2010; 21347) south of this boundary. Unlike the introduced Polynesian cultivars,
these southern carbohydrate sources werenot actively gardened in general (see Leach and Stowe
2005 for possible exceptions). Instead, their growth was encouraged through the anthropogenic
alteration of the vegetativelandscape (McGlone et al. 2005, 177). Optimal conditions were achieved
by “firing stands to reduce woody competition and rejuvenate the underground rhizome network”
(McGlone et al. 2005, 177; McWethy et al. 2010). The identification of dramaticenvironmental
change at sites of human occupation can be undertaken through vegetation reconstruction of

stratigraphically distinct contexts.
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2.4 Architecture

The value of anthracology as an archaeological tool is particularly evident whenitis applied to
identifying construction materials. Wood requires a narrow range of conditionsin ordertosurvivein
the archaeological record. Wetland sites, such as swamps or lakes, provide anaerobic conditions.
These environments prevent decomposition of the organicwood material. Excavation of water
loggedsites, such as Kohika (Irwin 2004) provide rare insightsinto the wooden material culture.Ona
largerscale, structures can survive when wooden elements, such as posts, have been burntin-situ.
Thus the structural elementis preserved bothin form, allowingitto be identified as a structural

element, and botanically so thatit can be identified to taxon.

Through theiranthracological investigation of Tahitian house post remains, Kahn and Coil (2006)
have shown a relationship between the species used for construction and the status of the structure.
Theirstudy made use of ethnohistoricdatatoidentify which species of trees were “sacred orritual
species” (Kahnand Coil 2006, 319). Theirresultsidentify the presence of the Breadfruittree species,
a sacred species, within both ‘specialised houses [...] and the high status dwelling” (Kahn and Coil
2006, 338). Breadfruitwas not present, however, atthe “lowerstatus sleeping house” (Kahn and
Coil 2006, 338). Thisallowed Kahn and Coil to recognise a relationship between the inherent value of

the tree species and the function and status of the dwelling.

While Kahnand Coil’s investigation utilised anthracological analysis as the central investigative tool,
it can also be applied asa complementary approach. Alocal examplecan be foundinthe
investigation into the form and construction of the Makotukutuku house in Palliser Bay (Leach et al.
1999). The identification of wood charcoal recovered from the charred remain of house posts was
undertaken as part of a larger study of the single construction. The speciesidentified included
manuka (Leptospermum scoparium) and totara (Podocarpus totara) (Leach et al. 1999). The
identification of totara, a species notfound in the immediate vicinity, implied that construction
materials were broughtinto the locale. Here, anthracology has contributed to the wide knowledge
of the makotukutuku house, suggesting that the building materialwasintroduced (Leach et al.

1999).
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2.5 Radiocarbon dating

As an organicmaterial, plant charcoal is well-suited to the process of radiocarbon dating. The
appropriateness of wood charcoal as a dating material becomes less suitable when questioning what
eventisbeingdated. Anumber of large tree species within New Zealand are capable of living for
hundreds of years (Wardle 2011; 25). As such the concept of ‘in-builtage’ is applicable. Inbuilt age
has been defined as the “difference in age between the death of the sample and the archaeological
eventdated” (McFadgen etal. 1994, 223). In orderto avoid such an occurrence, it is considered best
practice to use charcoal or wood samples from short-lived species. Short lived species have been
considered “those with a potential life span < 100 yr” (McFadgen et al. 1994, 224). Recentdiscussion
within Polynesian archaeologyhas called for stricter regulation of whatis considered a ‘short-lived’

species with Allen and Huebert (2014) calling fora standard of 10 years.

This application of charcoal identification has beenin use for several decades within New Zealand
archaeology (Higham and Jones 2004). Higham and Jones note that “priorto 1976 [...] wood charcoal
was notroutinely screened to remove potentially old wood material” (Higham and Jones 2004, 219).
The effect of a non-specificselection radiocarbon sample can be seeninthe example of the 1978
excavations of Purakaunui. The charcoal samples subjected to radiocarbon dating methods were
identified after dating as consisting of Coprosma ?spp. and Podocarpus ?spp. As aresultthis date of
1030 + 60 B.P. was deemed ‘suspect’ by Anderson who argued instead fora 14" century site

chronology based on marine shell ages (Anderson 1981, 204).

2.6 Non-cultural charcoal

Anthracologyis only applied to culturally produced charcoal. The analyses of naturally produced
charcoal is most commonly undertaken in relation to palaeoenvironmental research and has been
used to study natural fire events (Scott 2000, 2009), climate change (Poweretal. 2010) and
reconstruction of past environments (Figueiral and Mosbrugger 2000). As McGlone (1983, 1989) and
McWethey et al. (2009, 2010 and 2014) have demonstrated, non-cultural charcoal can also be used
to investigate human actions. The use of non-cultural charcoal toinferanthropogenicactions
introduces abias of environmental datainto the archaeological record. This biasis why the model
for the IBP can be tested through analysis of culturally-produced archaeological charcoal. Analysis of
archaeological charcoal can be usedtointerpret the rates and nature of anthropogenic
deforestation at the level of individual sites. Thisinturn can be used to provide regional models for

burning practices that considers both the chronology and functions of individual archaeological sites.
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This chapter functions only as brief introduction to the many applications of anthracology. As a
palaeoethnobotanical tool itis a valuable accompaniment to investigations relating to human-
environmental interactions. Anthracology informs on both how the people have impacted entire
vegetative communities as well as interactions with individual species. The methodology briefly

discussed here willbe further exploredin the following chapter.
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3. Background

In this chapter| explore the background of the two sites at the centre of thisinvestigation; Shag
River Mouth (J43/2) and Purakaunui (144/21). This background encompasses both the environmental
history of the sites and the archaeological work associated with each site. The history of
archaeological investigationis considered as the on-site samplingis the first step of the curation
process. The currentinterpretations of the sites are identified to provide a cultural background for

the anthracological results.

Understandingthe environmental history is fundamental to interpreting the results of the
anthracological identifications asit provides a context forthe taxa identified and abeginning for the
assessment of the charcoal assemblage’s suitability for retrospective anthracological analysis. The
vegetation that existed during human settlementis reconstructed using palaeobotanical data. Key

species from within this reconstruction are described.

3.1 Sites background

Shag River Mouth:

Shag River Mouth s located on the Otago coastline, approximately 70km north of Dunedin
(Andersonand Smith 19963, 1). As indicated by the name the site occupies the mouth of the Shag
Riveras itflowsintothe PacificOcean. Asiscommon with river mouthsin New Zealand, an
estuarine environment has formed with an accompanying dune system. Itis withinthese dunes that

the Shag River Mouth site is located.

The site is one of the most well-known archaeological sites in southern New Zealand, a fact that has
resultedin numerous excavations from the late nineteenth century (Anderson et al. 1996; Anderson

1989)
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Figure 3. Site plan showing the location of excavations November 1988-1989 (Anderson and
Allingham 1996: figure 5.1)
Historic excavations

The site’slong history of excavation presents alitmus for the changing attitudes towards prehistoric
settlementtheories. It beganitsillustrious careerinthe context of Julius Von Haast’s ‘Moa Hunter’
interpretation, which proposed separate entities of primary moa hunters and later ancestral Maori
(Anderson and Smith 19964, 2). Von Haast had undertaken brief excavations which yielded midden
and provided him with material corroborating evidence of distinct midden separations with no moa

bone appearinginthe upperfish and shellfish middens.

This proposition wasinturn debated by the Director of the Otago Museum, Captain Frederick
Hutton. In orderto provide damming evidence against Von Haast’s theory Hutton engaged the
services of Bayard Booth to excavate an extensive area of Shag River mouth. The result of Booth’s
excavation was evidence that the two distinct layers of middenin fact both contained fish, shellfish
and moa bone. ForBooth thisreflected the single ‘racial’ identity of those who made the midden
(Boothin Anderson 1989, 68). This created an impasse between Hutton and Von Haast which

remained firmlyin place untilfurther excavations (Anderson and Smith 19964, 4).

Shag River Mouth became a magnetfor amateurarchaeologistsin partdue to its fame and the
material culture that was being recovered from the site at the time. Amongthe amateurs was one
David Teviotdale, who excavated a significant portion of the site overa period of 26 years. These
excavations were focussed largely on the collection of material culture until the involvement of H.D.
Skinner, Director of the Otago Museum, resulted in more detailed accounts and records. Teviotdale

was notthe only antiquarianinterestedin the site and numerous finds were made by G. Griffen
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(Anderson and Smith 1996). The prolonged and variable extraction methods undertaken at Shag

River Mouth had resultedin a patchy assemblage of artefacts and information.

Smith and Anderson excavations

The numerous excavations and less informative fossicking activities that had been undertaken at
Shag River Mouth served the dual purpose of highlightingthe importance of the site tothe
chronology of the South Island, and providing amuddied and inconsistent record. Despite the record
of site modification it was decided by lan Smith and Atholl Anderson to test the proposal that
surviving archaeology would provide evidence of “ale ngthy occupation beginning earlierthanin
othersitesinsouthern New Zealand and spanningthe entire Archaicphase” (Anderson and Smith

1996b, 276).

Preliminary small excavations were undertaken by Andersonin 1987 in orderto determine the best
location for extensive excavation (Allingham and Anderson 1996). These later excavations resulted in
a season of excavations and a field school forthe University of Otago archaeology programme
(Anderson and Allingham 1996; Smith 1996). The small, initial excavations were located in areas
identified by Brian Allinghamin 1968 (Allingham and Anderson 1996, 35) and took the form of three
small excavations and four test pits (Allingham and Anderson 1996). These test pitsand small
excavationsrevealed thatthere were areas of the site that still contained undisturbed stratigraphy,

and thus were suitable for further investigation.

A season of excavation followed in the summerbetween 1988 and 1989. Two large areas were the
focus of the investigations and a programme of test-pits was continued (Anderson and Allingham
1996, 39). The areasthat were of particularinterest tothe excavators were the high dune areaand
the lowerswamp. The high dune areawas chosen as it was anticipated thatthe deep build -up of
sand above any cultural material would have resulted in an environmentin which excavation was
difficultthus protectingit from earlier excavations (Anderson and Allingham 1996, 39). The second
area subjected tosignificant excavation was that of the swamp where earlier excavations by
Teviotdale had unearthed awooden bowl (Anderson and Allingham 1996, 39). The high dune
excavations (SM/C:Dune) will be the focus of this research as it is from within this section of the

excavation that material is being analysed.

SM/C:Dune high dune excavations
This supposition of protection by adeep build-up of sand was proven correct when 1988 test
trenchingrevealed upperstratigraphy (Anderson and Allingham 1996). A small bulldozer was

employed toremove the loosesand above the stratigraphy, with spades used to clearan 8 x10m
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area (Anderson and Allingham 1996). The excavation revealed a total of twelve stratigraphiclayers
with a depth of up to 2.5 meters (Anderson and Allingham 1996). Despite the depth and number of

stratigraphically distinct layers radiocarbon dating on material in SM/C:Dune, wherethere are “nine

cultural layers extending up to 2.5m deep” (Anderson and Smith 1996b, 278) does notidentifyany

statistical significance between the dates forthe uppermostand lowest layers.

Atmosphericsamples (seetable 1) from the radiocarbon dating regime (Anderson, Smith and

Higham 1996) were recalibrated usingthe appropriate terrestrial curve (SHCal 2013) (Hogg et al.

2013). A total of eight dates from both plant charcoal and moaeggshell, at 95% confidence, confirm

an occupation period within the late 13t Century to early 15 Century, asseeninfigure 4.

Table 1. Conventional radiocarbon ages before present (CRA BP) using OxCal v4.2.4 Bronk Ramsey (2013). SHCal13

atmospheric curve (Hogg etal. 2013). Shag River Mouth, SM/C:Dune.

Lab No. Stratigraphic | Material CRA Identification Cal yr.AD.68% Cal yr, AD.95%
context: probability (% area) | probability (% area)
Layer-unit
Nz7757 5-D5 Charcoal 537 + Hoheria 100% 1408-1411 1325-1341 (2.3%)
44 1389- 1461 (93.1%)
Wk2416 5-E5 Eggshell 600+ | Moa 1321-1349 (24.3%) 1301-1365 (38.3%)
50 1386-1428 (43.9%) 1375-1444 (57.1%)
NZ7756 6-C6 Charcoal 670 = Hoheria 95%, Myrsine 1301-1363 (54.4%) 1285-1405
47 australis 5% 1376-1391 (13.8%)
WK2417 6-F2/E2 Eggshell 560 * Moa 1399-1439 1320-1350 (9.9%)
45 1385-1454 (85.5%)
NZ7755 7-B7/8 Charcoal 646 * Hoheria 99%, Hebe 1% 1311-1359 (47.7%) 1291-1415
47 1379-1401 (20.5%)
Wk2589 7-B4 Charcoal 630+ | Hoheria 100% 1319-1351 (43.4%) 1300-1366 (58.1%)
35 1385-1403 (24.8%) | 1374-1418 (37.3%)
Wk2604 8-13/4 Eggshell 570 + Moa 1394-1439 1319-1351 (14.5%)
45 1385-1451 (80.9%)
NZ7771 11-A6 Charcoal 660 + Pseudowintera colorata 1308- 1361 (51.9%) | 1290-1407
46 60%, Leptospermum 1378- 1395 (16.3%)
scoparium 30%,
Pittosporum 10%

McFadgen et al. (1994) identified the genus Hoheria as being of medium life expectancy, classified as

100-300 years although noted that “Life span can be much shorter than designated years”

(McFadgen et al. 1994, 224). This note is pertinent as charcoal from the short-lived Plagianthus

specieswas alsoincluded. All otheridentified charcoal samples (Myrsine australis, Hebe,
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Leptospermum scoparium, and Pseudowintera colorata) are categorised as shortlived species with a
life expectancy of < 100 years (McFadgen et al. 1994). Moa eggshellis a preferred radiocarbon
dating material asit has minimal inbuilt age and is resistantto contamination (Higham 1994; Jacomb

et al. 2014). These dates are consideredinthe site interpretation.
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Figure 4. Calibrated ages for SM/S:Dune terrestrial 24C dates after OxCal v4.2.4 Bronk Ramsey (2013). SHCal13 atmospheric
curve (Hogg et al. 2013).

As this anthracological analysisis focussed on only two of the early layers afull summary of the
stratigraphy will be replaced with amore detailed description and comparison of the relevant layers,
11 and 7, with a full summary of the stratigraphy foundin the Shag River Mouth publication
(Anderson, Allingham and Smith 1996).

The firstlayerto be examinedis layer 11. This was the lowest cultural layer, although there was
relatively little cultural material aside from a small number of flaked chalcedony and silcrete tools
(Smithetal. 1996). Despite the lack of material culture layer 11 had a significant number of oven
features (Anderson and Allingham 1996). The ten ovenfeatures, asseeninfigure 4rangedinsize,
with faunal remainsincluding various moaspecies (Emeus and Euryapteryx) (Anderson, Worthy and
McGovern-Wilson 1996) as well as a range of mammal; rat (Rattus exulans), fur seal (Arctocephalus
fosteri), sealion (Phocarctos hookeri) and dog (Canis familiaris) (Smith 1996). The high occurrence of

New Zealand quail (Coturnix novaezelandiae) within the smallbird assemblage indicates that open



grassland or swampy grass was accessible from the earliest period of occupation at Shag River

Mouth (McGovern-Wilson et al. 1996).

The stratigraphicrelationship between the oven features suggested acomplex pattern of site re -use,
athemereflectedinthe identification of ‘Upper’ and ‘Lower’ aspects within the singlelayer. The
charcoal assemblagesrecovered forlayer 11 were all sourced to units that are identified on the
figure below (figure 4) as firescoops orassociated matrix. Firescoops, as primary contexts, are not
suitable forvegetation reconstruction however the sampling of firescoopsis not uncommon and

must be consideredinthe assessment of curated charcoal assemblages.
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Figure 5. Excavation plan of SM/C:Dune, layer 9-11. (Anderson and Smith 1996, figure 5.10)

Although layer11isthe lowest, and therefore oldest layer of the SM/C:Dune site itis not suggested
thatitrepresentsthe earliest evidence of human occupation at Shag River Mouth by Polynesian
colonisers. The results of the programme of radiocarbon analysis show little statistical difference
between the oldest and youngest dates from across the site (Anderson, Smith and Higham 1996).
The short occupation of the site (Anderson, Smith and Higham 1996, 67) makes it difficultto
distinguish the chronological relationship between the excavated units. Although SMC:Dune layer 11
isno doubtrelatedtoearly occupation at the site it cannot be unequivocally stated to be the

representation of first vegetativeinteractions.
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The second layerselected forsampling and analysis was layer 7. This layeris described as a “cultural
layer of charcoal darkened sand, rich in cultural material” (Anderson and Allingham 1996, 47). This
thin layerwas relatively undisturbed by subsequent occupation, howeverit did contain anumber of
ovenscoopsinthe north and west portions of the excavation area. Itis one of these oven scoops

that has provided the charcoal material forthislayer.

All of the available material forlayer 7is excavated from feature 302. Identified on figure 6, feature
302 wasclassified as a ‘large oven’ and thus was “certainly used more often” (Anderson and
Allingham 1996, 48) than the smallerovens scattered across the excavation. Therefore it can be
reasonably argued that feature 302 was a multi-use oven. A subsampling strategy was applied to this

feature in orderto ensure amore representativesample.
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Figure 6. Excavation plan of SM/C:Dune, layer 7-8. (Anderson and Smith 1996, figure 5.9)

Summary of site interpretation

The interpretation of the site marked a considerable developmentin the archaeology of Polynesian
settlementinsouthern New Zealand. Priorto the investigations of Anderson and Smith (1996) it had
been hypothesised that the archaeological siterepresented at Shag River Mouth was one of a
lengthy occupation; the diversity of artefacts and sheer number of hearths suggesting occupation
overa significant portion of the Archaicperiod (Anderson and Smith 1996; Davidson 1984, 7). The
systematicexcavation at the site, the analysis of excavated material, and the use of radiocarbon
dating provided evidence of an alternative site use. Anderson and Smith surmised that the
supposedly long occupied ssite instead “represented a brief occupation duringthe 14" century”

(Anderson and Smith 1996, 276). This is supported by the recalibrated dates (see figure 4).
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Although described as ‘brief’ the occupation at Shag River Mouth was hypothesised to be a period of
up to 50 years (Anderson and Smith 1996). The central element of the site’sinterpretationisthatit
was considered to have been continuously occupied within this approximate 50year period. This
createsa marked difference between the seasonally utilised settlements that are typical of the
‘Archaic’ periodin southern New Zealand (Anderson and Smith 1996c; ) A lack of significant
weatheringonfaunal remains between stratigraphiclayers at SM/C:Dune (Anderson and Smith
1996, 278) suggeststhat no significant periods of exposure, and thus abandonment, occurred. Itis
alsosuggested that Shag River Mouth village was a base camp for a more extensivesettlement

system (Anderson and Smith 1996).

Material submitted forradiocarbon dating was sourced from 14 of the total 25 cultural layers
identified site-wide with afurtherseven layers through association (Anderson and Smith 1996, 278).
The results of the radiocarbon dating programme presented mean charcoal dates which “givesa lo
range between AD. 1330-11346 [...] and 1393-1408" (Anderson, Smith and Higham 1996, 67). In this
thesis | follow the interpretation that Shag River Mouth was occupied for no more than 50 years

duringthe 14" century AD (Anderson and Smith 1996).

The radiocarbon results for SM/C:Dune shows that through the 2.5 metres of stratigraphy “there is
no statistically significant variation between the dates forthe uppermostand lowest layers”

(Anderson and Smith 1996, 278).

Itis not suggested thatthe entire village site was simultaneously occupied for the duration of
occupation. The layout of the village site includes several distinct areas of specialised function.
SM/C:Dune, the source of the material analysed in this research, was defined as a ‘butchery, cooking
and midden’ area (Anderson and Smith 1996). The faunal remains found within the stratigraphy of
SM/C:Dune show an early reliance on biggame (furseals and moa) which disappears afterlayer6
and isreplaced withanincrease in both finfish and shellfish (Anderson and Smith 1996). This
transitionin subsistence strategies was hypothesised to be the result of resource depletion, and
ultimately a potentialreason forthe abandonment of the site (Anderson and Smith 1996, Nagaoka
2002). Changingresource use isalsovisible in the small bird assemblage with the incidence of quail
withinthe faunal record increasing over time, with Kirk (1989) noting that quail “increased from 15%
[of the total sample]inlayer11-6,to 31% [of the total sample] inlayer5-0” (Kirk 1989, 38). Such an

increase indicates that the quail’s open grassland habitat has become more prevalent.

Thisinterpretation of the archaeological site has ramifications for whatis expectedin the
anthracological record. Thisis manifested largely through two aspects; the vegetation at the time of

occupation and the patterns of fuel collection. The reconstruction of vegetation was well established
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at the site through pollen core analysis and is discussed later within this chapter (see Background;
palynological reconstruction). The patterns of fuel collection however must be considered in relation

to the expected results of the anthracological analysis.

Keyto thisinterpretationisthe assertion of a ‘continuous’ settlement. A continuous occupation at
the site, although forno more than 50 years, will resultin a more significant and sustained human
impact on the surrounding vegetation. As the site is continuously occupied the initially available
woody resources close tothe site will be exhausted and vegetation from further afield will be
targeted forfuel collection. This can be expected to be displayed in the anthracological record asa
transition from high fuel value species within the “dense, salt-tolerant shrubbery” (Anderson and

Smith 1996, 285) speciesfoundimmediately around the village to species withalowerfuel value.
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Purakaunui
Firstinvestigated by Andersonin 1978 (Anderson 1981), Purakaunuiis located on a dune system at
the mouth of the Purakaunui Inlet approximately 15km northeast of Otago harbour. The dune

systemsitsupon a boulder barthat was visiblealongthe western edge of the dune (Anderson 1981).
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Figure 7. Map of Purakaunui

Anderson excavations, 1978

Atholl Anderson’s attention was drawn to Purakaunui through concerns forthe site’s stability as
significant erosion to the dune had been noticed. A staff member at the University of Otago at the
time, Anderson was well placed toinvestigate the local site, which had beenrecently planted with
Pines (Pinus radiata). Aninitial survey of the site by Anderson deemed the Northern area(see figure
8) at a higherrisk of erosion, consequently his excavations were focussed there in orderto preserve,

inrecord, as much as possible of the site. Several test-pits were placed overin the Southern areaas
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well (Anderson 1981). . As a result of a comparison of the northern and southern aspects Anderson

came to the conclusion that they were “stratigraphically unconnected” (Anderson 1981, 203).
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Figure 8.Plan of S164/18, northern area, showing excavated squares (A-C) and test pits (D-M). (Anderson 1981: figure 2).

Within the high dune Northern area, Anderson opened three excavation units (see figure 8). The

stratigraphy was largely uniform through the three excavation units and was as follows;
Layer 1: Sterile dune sand
Layer 2: A mixture of unburnt midden and blackened sand
Layer 3: A dense, heavily burnt shellmidden

Additional features and layers werefound inindividual e xcavation layersincluding afurtherlayer of
unburnt midden (layer5) in unit B and a compact lens of the same material in unit A (layer 2A). An

ovenfeature had been cutintounit C from layer2 (Anderson 1981, 204).

Anderson suggested that “any hiatusin occupation more than a few months would be
stratigraphically observable as a barren sand layeror lens” (Anderson 1981, 214). As such layers
were easily observeditcould be implied that three briefly separated occupations had occurred at
the site. Furtheranalysis of the shellfish was undertaken in orderto determine the patterns of
occupation. It was suggested that the three occupation periods were “separated by no more thana
matter of monthsin each case and all withinthe space of several years” (Anderson 1981, 217). The

purpose of occupation was determined through the estimation of meat weights from the various
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faunaidentifiedinthe midden. [t was found thatfish represented the greatest dietary contribution
to the data whichinturn led Andersonto hisinterpretation that “fishing was the principal function

of the settlement” (Anderson 1981, 217).

These findings of Anderson were animportant developmentforSouth Island prehistoric
archaeology. Previously, specialised fishing camps were thought to have been a development of the
later classicperiod of Maori settlement (Anderson: 1981,219) The radiocarbon dates returned for
the site suggestitwas occupiedinthe earliest ‘Archaic’ period as defined culturally and

chronologically atthe time (Davidson, 1984).

Barberand Walter, 2000s

The site was once again the subject of investigationin the early 2000s when anincreased rate of
erosion prompted anotherarchaeological assessment. Several inspections were conducted in 2000
by lan Barber and Richard Walter where “evidence of [...] substantial site erosion” (Barberand
Walter2001) supported the commencement of a series of excavationsin orderto preserve the site
through record. Permission was granted by the relevant bodies and salvage excavation was
scheduledinorderto function asthe excavation component forthe University of Otagofield school

paper ANTH405 (Archaeological excavation).

Field schoolexcavations

Excavation was undertaken forthree field seasons between 2001 and 2003, by Barber and Walter.

Theirwork was carried out to the north and south of the high dune ridge identified as the northern
site area by Anderson, and in particularthe “small and clearly threatened eastern bench remnant”

(Barberand Walter, 2001, 5).

Duringthe firstyear a total of 6 square meters were excavated, however this was nota “sufficiently
large area [...] to identify, sample, screen and assess the horizontal relationship of layers and
features” (Barberand Walter, 2001, 7) and excavations were continued overthe nexttwoyears. The
area south of the dune ridge was excavated duringall three field seasons, the discovery of pit

featuresfuellinginterestinthis area. A smaller northern excavation was opened in 2002.

At the cessation of the field schools, atotal of 28 square meters had been excavated, yieldinga
significantamount of midden and material culture. A significant portion of the recovered material
has beenincorporated into the course work aspect of the field school paperandalso utilised for

postgraduate research (Bull 2002; Gay 2004; Latham 2002, 2005; Lawrence 2012; Mitchell 2010).
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Barber (pers. Comm. 2015) continued further excavations and sampling at the site outside of the

field school excavation periods, and between 2003 and 2005.

Stratigraphy
The northernside of the dune ridge, as excavated by Walter, had a dissimilar stratigraphy to that
uncovered by Anderson. Asinglelayer of cultural material was found and labelled layer 2 (Latham

2005). This cultural layer consisted of midden within which several fractured umu stones were found

(Latham 2005, 43).

The southern excavation had a similarstratigraphy to Anderson’s, with two distinct cultural layers.

The stratigraphy as described by Barberand Walter (2002: 161-162) follows (seealso figure 9);

Layer 1: Atopsoil layerof wind deposited dune sand with light brown soil of varying depths,

generally deeperthan 10cm.

Layer 2: The uppermost cultural layervisible in the stratigraphy. It consists of shell and bone midden

ina matrix of dark grey-black sand (see figure 9).

Layer 3: Positioned between the two cultural layers, scattered charcoal is found with over stones

and midden within agreyish brown sand layer.

Layer 4: The oldest of the cultural layers, adiscontinuous layer that again consists of midden and
evidence of cookingincluding oven stones and “occasional umu” (Barberand Walter 201,
162). Asthislayerrepresentsthe oldest culturalhorizon of the stratigraphyitisthe earliest

record of the environmental interactions of the inhabitants of Purakaunui.

Layer 5: The natural horizon of sterile light brown sand.

27



Figure 9. Photograph of southern area stratigraphy showing numbered layers and pit feature (P4) as discussed in text

(western view, north-south section, mid-J5). lan Barber, April 2003.

Radiocarbon dates for Purakaunui were generated as the result of the 2001-2003 excavation. The
two distinct cultural Layers 2 and 4 were dated using both pipi (Paphies australis)(Latham 2005, 41)
and plantcharcoal. The more reliable and consistent short-life plant charcoal results are presented
intable 2. These radiocarbon results are presented with the permission of Barber (pers.comm.,
August 2015). Each sample dated by AMS is a single carbonized plant fragment from areasonably
short-lived species (McFadgen etal. 1994). An outliercan be seeninsample Wk37501, whichwasa

Melicytus lanceolatus stem.

The results of the radiocarbon dates indicate occupation occurred during the earlier 15t century, as
visible infigure 10 below. This securely places Purakaunui as laterthan Shag River Mouth inthe New

Zealand chronology.
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Table 2. Conventional radiocarbon ages before present (CRA BP) and calibrated age ranges (CAL AD) using OxCal v4.2.4
Bronk Ramsey (2013). SHCal13 atmospheric curve (Hogg etal. 2013).

Context | Lab No. CRA BP Identification Cal yr. AD.68% Cal yr, AD.95%

probability (% area) probability (% area)

L2 Wk-37504 492422 Pseudopanax crassifolius | 1435-1453 1420-1460
Wk-37505 488122 Melicytus ramiflorus 1435-1455 1420-1464
L4 Wk-37501 655120 Melicytus ?spp. 1319-1351 (57.1%) 1301-1365 (71.8%)

1384-1391 (11.1%) 1375-1399 (23.6%)

Wk-37502 542121 Leptospermum 1415-1436 1404-1444
scoparium
Wk-37503 521+20 Pseudopanax crassifolius | 1424-1444 1413-1450

OxCalwd 2.3 Brook Rameay (2013), 65 SHCQI gimasanece cCormac ol &l 2004)

R_Datd Wk-37504 —=
R_Datq Wk-37505
R_Datd Wk-37501 R 4B
R_Datd Wk-37502 =
R_Datd Wk-37503
200 B0 1300 1800 1800

Calibrated date (calAD)

Figure 10. Calibrated atmospheric plant charcoal ages for Purakaunui 14C dates.

An important outcome of the Southern areainvestigationisthe identification of a series of
archaeological features cutinto the archaeological midden deposit. These were identified as ‘pits’.
The features were not all completely excavated, with the exception of the largest pit feature (P3, see
figure 19). P3 extends overalarge portion of the excavated southern surface “between Kand G to
D4 at the eroding dune edge” (Barberand Walter 2002, 163). This large pitwas an unexpected
feature. Its attributes suggest an excavated below-ground storage structure. The presence of a
noticeably straight edge along one side of the pit within the “mobile sand environment” (Barberand
Walter 2002, 163) suggeststhat P3 was lined. In addition, postholes extend below the base of P3
and P2 at least which suggest the presence of supportive structures and a cover. Radiocabon dates
Wk-37504 and Wk-37505 are from layer 2. This layercaps P3 and P4 at least, so as to provide a

secure 15" century chronology forthe cut feature (Barberand Walter 2002).
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The stratigraphy foundin association with P3 has been classified as sub-layers of layer 2. Layer2a is
the upper pit fill of very dark grey-black sand with scattered shell midden or discrete shell midden
lenses (Barberand Walter 2001, 161). Contained within this sub-layer were historic period cultural
materials such as clay pipe and glass fragments (Barberand Walter 2002, 163). Layer 2b is the lower
feature fill. It consists of shell midden and abundant fish bone in adark sand substrate. The presence

of joined shellfish valves and articulated fish bones are evidence of primary coastal processing.

Summary of site interpretation

The interpretations of the archaeological site represented by Purakaunui has altered between the
primary excavations by Anderson (1981), Barberand Walter (2002) and recentresearch (Barber,
pers.comm. 2015). Anderson provided asimple interpretation of aseasonal fishing camp;
encouraged by evidence of extensive fishing (Anderson 1981) as well as significant sand build -up

between the cultural layers (Anderson 1981).

Thisinterpretation of asimple seasonal fishing camp was challenged by the results of the 2001-2005
excavations. Primary amongthem s the excavation of pit-features which suggestalesstransient

occupation. The presence of cutand lined (Barber and Walter 2002, 163) pitsis highly suggestive of
a storage function whichinturn indicates alonger period of occupation. The AMS radiocarbon data

for layer 2 provide strong evidence that the pit was filled and capped during the 15* Century AD.
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3.2 Environmental History of Coastal East Otago

Though several disciplines caninform on past vegetation, the disciplinethatis most commonly
appliedin New Zealand is palynology. Palynology is the identification of pollen grains from sediment
samples. Palynological investigations have been widely applied in New Zealand to ascertain
information on both pastvegetation and the changes it undergoes, specifically anthropogenic

change such as large-scale burning practices (McWethy et al. 2009, 2010, 2014; Williams 2009).

The environmental history of coastal east Otago has beenrevealed through several palynological
investigations. The most relevantinvestigation was undertaken in association with the 1988-1989
excavations at Shag River Mouth (Boyd et al. 1996). These coresrevealed aseries of vegetative shifts
indicative of human modification and environmental adaption. Two further palynological
investigations are consulted for vegetation reconstruction; the Glendhu drainage basin (McGlone

and Wilmshurst 1999b) and the Ajax swamp (Johnson, Mark and Bayliss, 1977)

Palynological reconstruction

The Palynological samplestaken at Shag River Mouth included two cored samples (Waihemo Aand
Waihemo B, see figure 11) as well as a third sample recovered fromthe baulk of an excavated test
pit (Boyd et al. 1996). Aswell as providing palynological data the three coresalso provided
information on the geomorphology of the region. The core closest to the archaeological site,
identified onfigure 11, below, as Shag Mouth core comprised of “organic peaty sand deposits” (Boyd
et al. 1996, 257). These depositsare “associated with the sand and clay deposits of the Shag Mouth
sand spitandthe ShagRiverestuary” (Boyd et al. 1996, 257). The

The two inland pollen cores, Waihemo A, and Waihemo B, provide soil and environmental
information onthe catchment area above the archaeological site. This combined second sequence
“comprises organicpeaty and carbonaceous spring outflow sedimentsin asmall valley which drains
intothe Shag Riverestuary nearthe archaeological site” (Boyd et al. 1996. 257). Togetherthe three
pollen cores provide information for the reconstruction of the environmentaround Shag River

Mouth.
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Figure 11. Location of Shag River Mouth pollen cores.

The results fromthe Shag Mouth core show fourdistinct periods of change. The first, and oldest,

period was described as;

“A dense scrubland, with Coprosma, Myrsine, Muehlenbeckia, Rubus and various Asteracaeae
prominent covered the immediate environs of the salt marsh. [...] forest[...] was certainly
abundantand diverse. We envisage a partly-deforested landscape, characterised by complex

patterns of forest, scrubland, fernland and grassland” (Boyd et al. 1996; 262)
Anthropogenically induced change is seenin the second period;

“destruction of local scrub vegetation by fire, [..] an expansion of seral, fern dominated

communitiesinthe wake of destruction of forestsand scrub.” (Boyd et al. 1996; 263).

As thisresearchis utilising samples from the earliest layers of occupation (Layers 11and 7) only the
firsttwo zones of vegetation from the Shag River Mouth palynological investigation are of relevance
as the third zone includes the presence of exotic Pinus pollen, indicating the arrival of European
settlers (Boyd et al. 1996, 263). The firstand second zones representthe firstinteractions and

anthropogenically induced changestothe pre-colonisation vegetation.

Although Purakaunuiis notdirectly represented through a palynological investigation the Boyd etal.
(1996) investigation can serve as a proxy as the environments the two sites occupy are comparable.
The two sites are both situated in close proximity to both estuarine environments and established
podocarp forests and thus share access to similarspecies, although Purakaunuiis probably adjacent
to the podocarp forest. Thisis supported by preliminary anthracological identifications which have

indicated anumber of species were present at both sites. These speciesinclude; Podocarpus ?spp.,
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M. australis, L. scoparium, P. crassifolius, K. robusta, M. ramiflorus, M. lanceolatus, S. microphylla,
and P. taxifolia (Allen 2013). Itis noted howeverthatthe individual geographicsettings differ as
Shag River Mouthiis located within an open estuary environ whilst Purakaunuiis setina more

narrow valley-likeinlet.

The mosaic of “forest, scrubland, fernland and grassland” (Boyd et al. 1996, 262) is exploredin
greaterdetail below to determine which species were likely to be presentin each, and identify their

ecological niches.

Vegetation regimes

The composition of the forest asindicated in the Shag River pollen cores (Boyd et al. 1996) would

have been dominated by coniferand broadleaf species.

The upper canopy of such forests consist of large trees that would break above the lower canopy
and includes conifer species such as rimu (Dacrydium cupressinum), kahikatea (Dacrydiodes
dacrycarpus) and totara (Podocarpus ?spp.). The composition of these large tree species would
depend on environmental factors such as micro climates or the moisture of the soil, with species

such as kahikatea preferringa dampersoil (Wardle 1991, 21).

Beechtrees(Nothofagus spp.)can also be foundinthe uppercanopies of coastal forests. The lower
canopies consists of species with medium to low light demands such as manuka (Leptospermum
scoparium), kanuka (Kunzearobusta) and lancewood (Pseudopanax crassifolius). Non-woody species
are alsofoundonthe forestfloorandlower canopies butasthey preserve poorlyinthe

anthracological record will be considered onlybriefly (Asouti and Austin 2005).

Although coastal forest can be found as low as the high tide mark in southern New Zealand (Wardle
1991, 140), the drierclimate of coastal Otago resulted in a mix of vegetation types. Scrubland and
fernlandsfilled the intermediate land between the forests and the marine environment. These
coastal scrublands consisted of species such as coprosmas ( Coprosmas spp.), toro (Myrsine salicina),

mapou (Myrsine australis), Muehlenbeckia and various Asteraceae (Boyd et al. 1996).

As bothsites are located immediately within dune environments coastal forest woods would have
beenthe closestand most easily available fuel source. There are few woody species that can be
foundindune environments, the salinity of the soil requiring specialisation. Saltmarsh ribbonwood
(Plagianthus divaricatus) is often found at the fringes between estuarineand scrubland (Johnson

1998, 11).
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The key taxa are discussed below with both their ecological niches and cultural uses by Maori

considered.

Key indicator species:

Largetrees:

Matai(Prumnopitys taxifolia)

Anothermemberof the genus Podocarpaceae, mataiis comparable with totara, capable of growing
up to 25m high, although with anarrower trunk (Salmon 1980). Matai shares a similar distribution to
totara, beingfound amongstthe lowland forests of the North and South islands from sealevel to
around 600m above sealevel (Wardle2011). Although acombination of matai and totarais common
in South Island podocarp forests matai has higherfertility needs, preferring environs such as “fertile

alluvial soils” (Wardle 2011, 33).

Matai was used as a food source, the dark berries being seasonally availablein summerand early
autumn (Crowe 1990). The sap of the tree, sometimes called matai beer, was also consumed both as
a medical tonicto “check advance of consumption” (Brooker et a/ 1987, 83) and as a refreshing

beverage (Crowe 1990).

Matai wood was used in the manufacture of tools, with the excavations of waterlogged artefacts at
Kohika (Irwin 2004) recovering the following artefacts fashioned out of matai: plank, bowl

fragments, stakes and a shaft end knob on a diggingimplement (Irwin 2004).

Totara (Podocarpus totara)

Totara is amongthe largest of the native gymnosperms, reaching approximately 30m (Salmon 1980).
Totara represents one of the giants of the conifer-hardwood forest, occupying the emergent canopy
along with othermembers of Podocarpaceae and Dacrydium. Although a large tree, totarais not
confined toinland forests but can be found from sea-level through to 600m (Salmon 1980). As totara
ishighly tolerant of dry conditions it has a widespread distribution throughout mainland New

Zealand.

Traditionally totarawas regarded as a valuable tree, both culturally and practically. It provided not
onlywood once felled, butanumber of resources that could be harvested withoutkilling the tree.
These resources were small edible berries (Crowe 1990, Wardle 2011) as well as strips of bark that
were used as a building material (Best 1934, 230). As totara was a tall tree with an uprighttrunkit

was considered anideal building material for large structures such as houses (see Anthracology;
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construction; Best 1934; Leach et al. 1999) and waka (Irwin 2004; Tipa 2015). Totara was alsoused in
the manufacture of smallerartefacts such as wakahuia, potaka and bowls (Irwin 2004). The
usefulness of totaraalso extended to a number of medical uses, namely “to cure paipai(acutaneous

disease) and venereal diseasein women” (Goldie 1999, 116).

Medium trees:

Kanuka (Kunzea robusta)

Kanukais in many ways similarto Manuka; they share the same ability to quickly establish
themselvesin open spaces as well as that of an adaptive form. Although, like manuka, kanuka can
grow as eitheratree or a shrub itstree formis significantly largerthan manuka’s, up to 20m in
height (Wardle 2011). Kanukais also less tolerant of poor quality or wetter soils, preferring more
fertile conditions. Both species are highly adept at colonising new scrubland, although theirhigh
lightdemands preventthem from regenerating so prolifically once underaforest canopy (Wardle

2011).

The leaves of kanuka, as well as manuka, can be brewed into atea (Crowe 1990). Infusions of both

tea-tree’s are used fora wide variety of medicinal purposes (Brooker et al. 1987, Crowe 1990).

Kanuka also shares manuka’s high quality as a fuel source (Wardle 2011). As well as a source of fuel,

kanukawas a suitable material forthe manufacture of utensils such as bird spears (Irwin 2004, 253).

Kanuka has recently beenreclassified from asingle species (Kunzea ericoides) to ten regionally
specificsub-species (de Lange 2014). K. robusta is the only sub-species present on the eastern coast

of Otago and thus all kanuka identifications can be considered K.robusta.

Kowhai(Sophora microphylla)

One of the most distinctive of New Zealand trees, common kowhai is easily identified through the
small feathery leaves and seasonal displays of yellow flowers. A divaricating shrubby plant when
juvenilethe species grows toa small ormediumsized tree, with the upperlimits of growth being 10-

12 m (Wardle 2011).

Kowhaiis distributed throughout the North and South Islands and can commonly be found within
“coastal, lowland[...] forest margins[...] and in second-growth successional forest” (Wilson and
Galloway 1993, 159). The species has high light demands and so although well suited to successional

growth it will notflourish once the tall trees of the later stages of succession are established.

As with many of the species examined here, kowahi was considered to have medicinal usesincluding

“an infusion of the bark [...] for internal pains, [and] for pains of the back or side. The inner bark of
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kowhaiis usedfor hakihaki(itch).” (Goldie 1999, 113). The wood was also of such quality to be used

inthe manufacture of tools (Wardle 2011).

Ngaio (Myoporum laetum)

Ngaio can grow in a variety of forms, the most common beinga medium sized tree. Ngaio can grow
to approximately 10min height, orconversely can survive as alow growing shrub (Wardle 2011). In
optimal conditions ngaio can grow quickly, allowingitto be among the first colonisers, although high
light demands place it with kanuka and manukain itsinability to regenerate under established

forest.

Ngaioisfound throughout New Zealand, although Dunedinis an approximate southern limit (Wardle
1991). Ngaioistypically a coastal plant, capable of tolerating coastal winds and awide range of well -
drained soil types (Wardle 2011). It can be found growingamongsand dunes (Wardle 1991) as well
as “almostdown to high tide mark[...] on coastal cliffs orin lowland coastal forest” (Wardle 2011,
348). The uses of ngaio were largely medicinal, such as an aid against toothache as well asan insect

repellent (Goldie 1999).

Althoughthe fruitand berries of Ngaio are toxic(Crowe 1990), there are reports thatthe berries

were consumed by Maori (see Crowe 1990 for more information).

Small trees and shrubs:

Manuka (Leptospermum scoparium)

Manuka is one of the most widespread New Zealand native trees (Wardle 2011) being commonly
foundinareas of vegetative succession. The success of manukaisin part due its ability to adaptto
highly varied environmental conditions. It can vary from a tree between 4to 8m in height (Salmon
1980; Wilson and Galloway 1993) to a more prostrate form “creeping and matted” (Wardle 1991,
27). When favourable conditions are present, such as when forest clearance has occurred, manuka
and associated plant kanuka, are able to quickly establish themselves forming a mixed scrub that

acts as a nursery forsuccessive plants (Wardle2011).

As well as playinganimportantrole inforest succession manukawas used foranumber of other
purposes. Goldie (1903) lists the medicinal uses of the plantas “ap plied to scalds [and] to cositive
infants. Itisalso taken by adults to allay coughing. Aninfusion of the barkis used[...] as a sedative. A
decoction of the bark relieves diarrhoea and dystentry” (Goldie 1999, 114). As previously mentioned

with kanuka, the youngleaves are also used as a tea (Crowe 1990).
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Expanding beyond medical uses, manukais “much prized as a firewood” (Salmon 1980, 162) as well
as beingusedfortool manufacture. Manukawasidentified as the fabric of several artefacts
recovered from Kohika (Irwin 2004) including: potaka (spinning tops), javelin darts, and ko (Irwin

2004).

Mapou (Myrsine australis)
Also known as red matipo, orsimply matipo, M. australis is a small tree capable of growing from 3-

6m in height (Wardle 2011).

Dispersed from coastal tolow alpine environments mapouis found throughout the North Island,
SouthIsland and StewartIsland. The environmental niche inhabited by mapouis that of the forest
margin as well as within open scrubland (Salmon 1980). It has been known toform a “solid wind-

scrub” (Moore and Adams 1963).

As well as a fuel species, mapou was used medicinally asaninfusion (Wardle 2011); the leaves were

boiled and used as a treatmentfortoothache (Brooker et al. 1987).

Olearia species

Within New Zealand the genus consists of approximately 38 species (Wardle 2011) and they vary
betweenwoody shrubs and small trees. Itis extremely difficult, and outside the technological
limitations of this investigation, to identify between the olearia species on an anatomical level,
hence the genus being treated asa cohesive whole. The Asteraceae family to which olearia belongs
isrepresented ubiquitously throughout New Zealand and occurin “almost all major plant
communities” (Wardle 2011, 309). Wardle (1991) notesthat “on southern coasts woody composites
with broad tomentose leavesin the generaoleria[...] can be abundant or dominant” (Wardle 1991,

72).

Some species which are likely to be present within the locale include; Olearia lineata, O. bullata, and

O. solandri.

Saltmarsh ribbonwood (Plagianthus divaricatus)

This speciesisone of the few saline resistant species from the South Island that has a stem woody
enoughtobe presentinthe anthracological record. The species can grow to a shrub approximately
1-2m in height (Wilson and Galloway, 1993) with “flexible, interlacing branchlets” (Wilson and
Galloway 1993, 273). Saltmarsh ribbonwood’s distribution throughout New Zealand is strictly coastal
whereitisoftenfound, asthe name suggests, on the fringes of saltmarshes and estuaries (Wilson

and Galloway 1993).
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Soil profiles

Although Purakaunui and Shag River Mouth share many environmental similarities they both
possess distinct soil profiles. The soil profiles, as assembled using Landcare Research online soil
classification database, show that despite both sites occupying dune environments the underlying
soil variations are particularto their respective environments (Bonnington et al. 1964). ShagRiver
Mouth can be characterised through three soil types. The first type isthat found on the steep
northeraspectof the estuary andis classified as ‘Firm Brown’ which indicates avery stable
environment that could be associated with established forest. The dune site, although clearlycoastal
sand, has an underlying layer of calcareous rocks. Finally, the saltmarshes are classified ‘Perch-grey

Pallic’ which referstotheirslowly permeable nature and tendency to waterlogging.

Purakaunui, in contrast with Shag River Mouth, is located on a dune systemidentified as well
drained coastal sand. The steep hill on the East of the tidal inlet was identified as ‘fragile pallic’
which means pale subsoils, that are susceptibleto erosion. The tidal inletitself consi sts of ayoung
land surface commonly associated with flowing water. With the exception of the tidal inlet all of

these soils can support plant growth.

The ‘firm brown’ soils of the sloping northern aspect of the Shag River Mouth estuary and the ‘fragile
pallic’ soils are capable of supporting significant vegetative growth. Purakaunui particularly, provided

sufficient stability for an established podocarp forest.

Shag River Mouth and Purakaunui present atwofold opportunity forinvestigation. The
anthracological analysis of the two curated charcoal assemblages provides the opportunity to
investigatea methodological problem. Analysing how the field sampling affects the scope of
retrospective anthracological investigation providesinsightinto how curated charcoal assemblages
can be best utilised forretrospective anthracologicalinvestigation. The analysis of the two
assemblages, and subsequentinterpretation, provides information on the vegetative interactions of
two early coastal East Otago Polynesian communities; which species were chosen forfuel, and why,
as well asillustratinghow people were impacting their vegetative communities. Ultimately both sites

provide an opportunity tounderstand human actions in the past, and their repercussions.
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4. Methodology

This chapter addresses the theoretical and practical methodological considerations. The first part
focusses onthe application of current anthracological theory within this research, specifically that
regarding sampling strategy and understanding the taphonomicfilters that affect the assemblages.
The latter half of the chapterdescribes the practical laboratory procedure as well as the process of

identification.

4.1 Theoretical analysis

Primary and secondary contexts

Although the phrases ‘primary context’ and ‘secondary context’ are well established terms within
the archaeological literature (Diogo Montiero 2012; Dotte-Sarout et al. 2015 ), when appliedto

anthracological research, and the recovery of charcoal, they have specificmeanings.

Diogo Montiero describes primary contexts as “hearths or othertype of structures that [...] reveal
the charcoal isin situ and related with an activity” (Diogo Montiero 2012, 35). As a hearth represents
a single fire eventthe range of taxawithin it will be limited. Depending on the size and function of
the fire the taxa will be subject torestrictions, forexampleasmall fire require asmalleramount of

fuel and thus potentially asingle taxa.

In contrast, secondary contexts are the result of numerous firing events and can be typified as the
general charcoal scatter through midden deposits. As secondary deposits represent the remains of a

range of firing events they can contain a higher number of contributing species.

Charcoal isalso found within the archaeological record associated with the practice of land
clearance (Williams 2008, 66) (see Introduction; research scope). These may be considered examples
of secondary contexts when thereis clear evidence that the charcoal is associated with cultural

activity.
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Vegetation reconstruction

If the research focusis on vegetation reconstruction it has been widely agreed ( Théry-Parisot et al.
2010; Dotte-Sarout 2011; Asouti and Austin 2005) that sourcing samples from both primary and
secondary context will provide the most accurate representation of species present. Théry-Parisot et
al. (2010) established aset of criteriathat mustbe metinorder foran assemblage to be
‘palaeoecologically representative’, criteriathat were also suggested earlier by Asouti and Austin

(2005). These criteriacan be summarised as follows:

1. Charcoal samples mustrepresentadomesticcontext

2. The context mustbe the result of long-term activities

3. Therecovered samples must number sufficient to allow for meaningful statistical analysis. In
the last regard, Théry-Parisot et al. (2010) suggesta “minimum of 250-400 charcoal

specimens [from] each archaeological layer” (Théry-Parisot et al. 2010, 143).

In orderto meetthese criteria careful considerationis neededinfield to ensure that excavation

procedures allow forappropriate sampling (see Methodology; sampling and sample recovery).

Taphonomy

In addition to understanding the contexts from which charcoal isrecovereditisalso necessary to
considerthe processes affectingit priorto archaeological excavation. Taphonomyis the series of
processes acting upon a material duringits burial. This original definition is expanded in archaeology

toinclude;

“the cultural choices and gestures which have animpact on the plant, animal or human materials,

fromtheirnatural environmentto theirfossilization” (Théry-Parisot et al. 2010, 142).

It is not always possible toidentify these ‘choices’ and ‘gestures’ asthey are all intrinsically linked in
past human actions. Within anthracology these past human actions are identified by Théry-Parisot et
al. (2010) as filters, aseries of transformations undertaken by woody vegetation asitis converted
from past vegetation to anthracological data. The filters that are applied before the charcoal is
excavated and recovered by the archaeologist are identified as ‘societal filters’, ‘combustion filters’
and ‘depositionalfilters’, all of which cannot be affected by the archaeologist (Théry-Parisot et al.
2010). The filtersapplied duringand post-excavation are within the control of the anthracologists

with field practices and laboratory processing affecting the eventual assemblage. Itis through the
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control of these post-depositional filters that anthracologists can draw accurate and relevant

conclusions about the pre-depositional filters.

Societal filters

While anthracology may have a strong focus on vegetation reconstruction as aresearch goal,
understandingthe cultural ‘choices’ and’gestures’ of past peoplesis also a particularfocus of
research. Théry-Parisot et al. (2010) identifies six central actions underthe ‘societal filter’ heading;
wood selection, taboos and preferences, gathering modalities, storage, hearth type and

maintenance, and cleaning (Théry-Parisot et al. 2010, 143).

The first, and arguably one of the mostimportant, transformationsis that of fuel selection. Aswood
isremoved fromthe natural vegetation biasesin selectionresultin overorunder-representation of
species within the anthracological record. Théry-Parisot (2002) investigates the potential factors
affecting the gathering of firewood through the application of ethnography; identifying how
different selection criteria affect the charcoal record. Animportant consideration raised through
ethnographicstudiesisthatof the conceptof species. Although anthracology is based onthe
taxonomicidentification of samples the same criteria of identification may not be applied during the
collection process (Théry-Parisot 2002). The selection criteria used to categorise wood can be varied,
dependanton characteristics that could allow two botanically distinct species to be considered the
same ‘type’ (Théry-Parisot 2002, 244). This can be seenthrough the recentreclassification of Kunzea
ericoides (kanuka, teatree) into 10 distinct species of Kunze a (de Lange 2014), with the dominant

and mostwidely spread species renamed Kunzea robusta.

Anotherline of enquiryisthat concerned with the firing properties of different species or ‘types’ of
fuel. Théry-Parisot (2002) addresses this issue with the acknowledgement that despite each species
havingdistinct burning qualities, whatisfar more pertinentare the “levels of humidity, the
morphology of the log (size and diameter) and its physiological state (fresh oraltered)” (Théry-
Parisot 2002, 244). In the 2013 investigation into the charcoal record of the Weld Valley, Australia
Byrne et al. (2013) found evidence thatalthough fuel was collected in tandem with other
subsistence practices “they were selective in their choice of species [ that were] known to produce

III

poor fuel” (Byrne etal. 2013, 104). Within New Zealand, there islittle evidence for selective

processes, with the exception of Moriori forest management (Maxwell 2015).

Combustion filters

Combustionisthe first natural filterand one thatis difficult to quantify. Charcoal is formed through
the process of pyrolysis “when organicmaterialis heatedin the absence of oxygen” (Scott and

Damblon 2002, 2). Duringthis process there are several factors that can affectthe resulting
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assemblage, mostimportantly mass loss and fragmentation (Asouti and Austin 2005; Théry-Parisot
et al. 2010). Both of these factors can affect the ‘representativeness’ of an assemblage and are

considered furtherin section 4.4.Quantification.

Researchintothe factors affecting mass loss and fragmentation (Chabal 1990; Théry-Parisotetal.
2010) suggeststhatthe number of factors that affect wood during combustion pushes the “limits of
the experimental approach” (Théry-Parisot et al. 2010, 147). Research into the factors affecting
fragmentation rates has produced aseries of observations however which show that “the
anatomical structure of the different tested wood taxa has a significantimpact on the mechanical
properties of charcoal” (Chrzazvez et al. 2014, 39). However, in the same research, Théry-Parisot et
al. found that “the sum of all combustion biases affecting a plant species, during successive fires,
tends to minimisefrequency distortionsin the sample recovered during field work” ( Théry-Parisot et
al. 2010, 147). This supports the necessity to recover charcoal from contexts thatrepresentlong-

term activities.

Depositional filters

The depositionalfilteris the last filter to affect the charcoal assemblage priorto excavationand
anthracology-associated filters. The primary considerations are the anthropogenicagents of
taphonomy:the human ‘choices’ and ‘gestures’ that dictate how the charcoal enters the

archaeological record.

The absence of a pottery or metal working tradition in pre-European Maori culture rules out
charcoal assemblages associated with kilns or forges. This categorises the most common contexts for
pre-nineteenth century archaeological charcoal as; within an oven feature, orthe in-situ remains of
a burnt structure (primary context) or as the result of several oven eventsincorporated within
general midden scatter (secondary context). Within each of these contexts, and these are simply
examples of the most common, aseries of anthropogenicactions are represented. In the case of
general midden scatter this mayinclude the cleaning or sweeping out of successive fire features,

while the burnt structures may be the result of eitherintentioned oraccidental destruction.

Furtherfromthe anthropogenicactions are the natural processes affecting buried material. Théry-
Parisotet al. (2010), ina review of the available literature surmised that despitethere being
evidence of effects such as root systems, atmospheric or water transport affecting wood charcoal
(Clark 1988; Stein 1983; Wood and Johnson 1978) “when post-depositional processes
homogeneously affect the charcoal depositsinside each layer, they do not affectthe

palaeoecological signature” (Théry-Parisot 2010, 148).
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Archaeological and anthracological filters

The archaeological and anthracological filters mark the first set of taphonomicfilters upon which
archaeologists and anthracologists can exert some control. These filters are related to how
archaeologists excavateand recoverthe charcoal, how sites are sampled and results quantified. In
the following sections | will discuss each of the aforementioned biases with ref erence to both

existingorprevious file practices as well as proposed ‘ideal’ charcoal recovery and sampling.

4.2 Curation

Curationis not explicitly considered in the consulted literature, an omission thatis perhaps reflective
of the variationin cataloguing practice. This variance canresultin problems of record variability and

archival inconsistencies.

As anthracology continues to become more of afocus within New Zealand one can expect thatit will
be added to the standard repertoire of investigative techniques ap plied to archaeological sites and
excavation assemblages. Previously excavated sites leave a physical legacy in the form of stored
excavated material, especially those excavations associated with educationalfacilities including the
University of Otago, Department of Anthropology and Archaeology. The two assemblages associated
with this research, Shag River Mouth and Purakaunui, were both the focus of University of Otago
field schools, with some of the subsequent analysis of excavated material performed by students
(Latham 2002, 2005; Lawrence 2012; Mitchell 2010; Higham 1990; Kirk 1989). These assemblages
provide avaluable resource for student based research which allows for investigationinto avariety
of aspects. The potential forfuture research forany of these curated assemblages istempered by
the potential for negative effects such as loss of provenance, contamination or unrecorded sampling,

especially when the materialin question, charcoal, may be seento be of little importance.

The previously discussed practice of sampling charcoal solely for radiocarbon dating purposes has
not only resulted in poorfield-sampling practices but also a poorwritten record of curation
processes. Purakaunui’s excavated assemblage, as predominantly bulk samples, contain arange of
archaeological material including faunal, lithic, and botanical. Asaresultsome bags have been
subjectedto several screening processes. The viability of each individual sample bag was assessed on
the presence of sufficient charcoal of varyingsizes, and otherresidue materials toindicate that,

despite screening, no material has been discarded.

The other element of curation that may affect an assemblage’s potential for retrospective
anthracological researchis areliable record of provenance. Ideally this would consist of awritten

record of excavation provenancethat can be matched to information available on the bagitself. In

43



many cases, thisinformationisreadily available, but where notitis often only possible to match the
provenance information available onthe bag with information from publications, as was the case
with several of the sample bags from Shag River Mouth (see Methodology; field sampling and

sample recovery).

Thus charcoal samplingand recording strategies should be considered as carefully as forany other

importantarchaeological material.

4.3 Sampling and sample recovery

The high concentration of charcoal within the New Zealand archaeological record, when considered
with the time and effort associated with charcoal identifications sampling presents a daunting task.
Restricting the number of samplesidentified through samplingis both a practical necessityanda
theoretical consideration. The first of these filtersis the recovery of charcoal samplesinthe field; a

combination of field sampling and field recovery methods.

Field sampling and sample recovery

The first consideration for samplingisthat which occursin the field. Due to practical restraints and
the destructive nature of archaeological excavationitis unlikely that the entirety of asite’s charcoal
assemblage would everbe recovered (Orton 2000). As such, field sampling must be undertakenin
orderto recoverappropriate samples. The appropriateness of asample isdependenton the
research aims of the anthracological analysis, with primary and secondary charcoal deposits

informing on different activities.

When charcoal has been considered within alargerfield sampling strategy it has often been with the
intention of sourcing suitable material forradiocarbon dating. This has encouraged afocus on
concentrated deposits, such asfire pits, as they represent culturally associated fire events suitable

for radiocarbon dating.

This targeting of concentrated charcoal deposits can be seeninthe material available from Shag
River Mouth. The charcoal assemblages recovered forlayer 11, the oldest cultural layer excavatedin
the High Dune context, are all provenanced to units thatare identified infigure 12 as firescoops or
associated matrix. The parent bags were not clearly labelled as either firescoops or matrix and so
cannot securely be considered either. Thisis an excellent example of both the hazards of long-term

curation (labels that once made sense lose meaning) and selective field sampling.



Figure 12. Excavation plan of SM/C:Dune, layer 9-11. (Anderson and Smith 1996, figure 5.10)

The literature available onthe sampling strategies employed at Shag River Mouth (Smith and
Anderson 1990) identifies the ‘general collection policy’ asinclusive of all material, with the
exception of fire cracked rock. Material was “either hand-picked from the matrix while trowelling, or
extracted through the screening of excavated sediments through 1/8inch (3.175mm) sieves” (Smith
and Anderson 1990, 70). It isalsoclarified that un-sieved bulk samples were collected from every
‘major’ stratigraphiclayerin each area, although these bulk samples were not located at the time of

thisresearch.

As seeninthe above description of material recovered from Shag River Mouth; there is no material
presentwhich can be positively identified as originating from a secondary context. The material
identified as ‘matrix’ carries a potential biasasitis unclearif it was collected through hand selection.
As such available samples are inappropriate for vegetation reconstruction and fuel selection (see
Methodology; vegetation reconstruction). If samples are obtained in orderto inform on past
vegetation then sampling should follow the three criteria outlined by Théry-Parisot et al. (2010) and

Asoutiand Austin (2005) (see Methodology; vegetation reconstruction).

In contexts where the research focusis on specificfire events such as the investigation of building
materials (Kahn and Coil 2006; Leach et al. 1999) the primary contextrepresented by the burnt

remains of the structure are an appropriate contextforthe collection of samples.

Once appropriate samples have been identified their recovery should follow appropriate practicesin
orderto maintain a representative sample. There isagreementin the current literature (Byrne et al.

2013; Dotte-Saroutetal. 2015; Huebert 2014; Maxwell 2015; Pearsall 2000) that, where possible,
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floatation of excavated material should be carried out at site as “floatation schemes recover more
complete archaeobotanical assemblages” (Huebert 2014, 142). However, in circumstances where
floatationis not possible onsite, such as when the matrixisill suited (Dotte-Sarout 2011), or the site
issufficiently isolated to prevent easy access to water (Maxwell 2015), substitute methods may have
to be used. These other methodsincludethe wet sieving of sediment off -site, dry sieving and bulk
sampling. Insuch cases as material is sieved orscreened the anthracologists must considerthe size
of material recovered as the literature recommends the identification of samples down to 2mm
diameter (Dotte-Sarout et al. 2015; Byrne et al. 2013). Bulk samples may be takenin orderto
confirmthat sampling was appropriate atsite providing an un-sampled comparison dataset for
comparison aswell as preserving archaeobotanical assemblages for more controlled sample

recoveryina laboratory environment.

Much of the material identified from Purakaunuiwas located from bulk samples. These bulk samples
were taken from layers 2 and 4 of the southern excavation of the 2001-2003 seasons of excavation
(see Background; Purakaunui). Thisisin comparison with the samples identified from Shag River
mouth, which almost exclusively represent single oven contexts. The comparison of identified
species, in bothnumberandrange, between these two different sampling strategiesisa

fundamental research goal for this investigation.

Sampling from curated contexts

Although the assemblages represented in this research were not randomly sampled, but were
instead assessed with the mostappropriate samples selected for furtheridentification, itis
importantto consider alternative collection strategies. Thisis explored in Orton’s (2000) work, which
although focussed on large-scale museum collections, includes concepts and terminology that are
applicable toarchaeological collections stored in otherfacilities. Anexample of thiscanbe seenin
the definition of the word ‘collection’ which Orton defines as “an administrative unit within the
overall collection” (Orton 2000, 193). This ‘administrative unit’ when related to archaeological

collectionsis most appropriately presented as that of a particular excavation.

Subsampling

Once samples have beenrecovered fromthe field, or collections, they may necessitate subsampling.
Subsampling occurs when the samples are too large toidentify all specimens, with the intention of
retaining a palaeoecologically representative sample. Chabal et al. (1999), as well as other
anthracological methodological investigations (see Asouti and Austin 2005; Scheel-Ybert 2002)
suggestthat 100-250 fragments should be analysed from each stratigraphiclayer. In contrast, Dotte-
Sarout et al. (2015) suggests a much higher number of identifications, 200-400, when analysing

assemblages from biologically diverse tropical locations.
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In the absence of an established identification protocolfor New Zealand florait was decided that,
where possible, the most conservative recommended number of identification (200-400) would be
attempted, butthe overall sampling strategy would be acombination of cumulative samplingand
samplingtoredundancy (STR). STRrequires the equal splitting of the total sample into smaller
subsamples; thesesmaller subsamples are thenincrementally identified until new identifications
become ‘redundant’. Thisis visually represented when the identified samples are plotted against the

total number of samples with redundancy represented by an asymptoticcurve (Leonard 1987).

This subsampling strategy was achieved through the selection of appropriate parent bags available
for each layer. Subsamples werethen taken from each parent bagin batches of 50 specimens,
randomly selected from the total parent bag assemblage. The identified samples were then plotted
againsttotal number of samples aftereach 50 identification to determinewhen alayerhad been

sampledtoredundancy.

4.3 |dentification

Wood structure

Anthracology is the identification of woody plant remains. Although other pieces of plants can be
preserved, such asseeds and occasionally leaves orotherfibres, itis the woody component thatis
targeted. Though there are three orders of plants which have wood, only angiosperms and
gymnosperms are considered within this thesis. Gymnosperms, or softwoods, include the family
podocarpaceae, whilst the angiosperms (hardwoods) consist of both monocotyledons and
dicotyledons. Within New Zealand the monocotyledon group is made up of fernsand some tree
species such as cabbage tree (Cordyline australis) and palms. Dicotyledons are the hardwoods, a

diverse range of trees and shrubs.

The anatomy of gymnosperms and angiosperms differs greatly but shares some characteristics. The
xylem structure thatforms the support structure for the wood is foundin both, with the axial system
transporting nutrients and waterup and down the system whilst the radial system carries the same
products from the outeraspect of the stemor trunkto the centre. Anexceptionisfoundin
monocotyledons which house amuch simplersystemin which vascular bundles consisting of xylem,
phloemandrigid fibres are surrounded by parenchymatissues. The anatomical features that are
usedinidentification are viewed in three distinct planes; the transverse plane (TS), tangential

longitudinal plane (TLS) and the radial plane (RS) asillustratedin figure 13 below.
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Figure 13. The three planes of wood identification.

The transverse plane reveals a cross section of the vessels, axial parenchymaand fibresas well asa
lateral view of ray cells. Vessels are cells that facilitate the transport of nutrients and wateracross
the axial system. The arrangement of the vesselsin hardwoods are classified into several categories
on the basis of vessel porosity (Esau 1977); ring porous, where there are distinct growth rings, semi -
ring porous, a growth ringis visible but not defined, and diffuse porous, where vessels are evenly
distributed. Gymnosperms do not have vessels, instead relying on tracheids for the transport across
the axial system (Esau 1977). The attributes of axial parenchyma are also usedinidentification,
namely how they are associated with vessels, individual shape and, when present, the thickness of
continuous bands of axial parenchyma. Rays are viewed in both the transverse and tangential
longitudinal sections. The lateral view of the rays available in the transverse section allows for
identification through ray width, with uniserate (asingle cellwide) and multiseraterays (many cells
wide), as well as the individual ray cell characteristics. The tangential longitudinal view provides a
cross section of the ray parenchyma cells whilst the radial plane reveals an additionallon gitudinal

view of the ray cells (Esau 1977).

Gymnosperms, although sharing the same fundamental anatomy, differ from angiosperms and thus
otheranatomical features are relied upon foridentification. Growth rings, as visible on the
transverse plane, are defined as distinct to indistinct whilst axial parenchyma are noted as present or
absent. The radial plane provides some of the more identifiable features with the cross-field pitting

varyinginsize, shape and frequency between species (Esau 1977).

Althoughthe anatomical features for many of the species are distinct, there remains a certain level
of individual variation between individual species (see Patel 1995, 1995a for examples). Such
variationis accounted for by the creation of a comprehensivereference collection, asis discussedin

a following section.
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Reference material

The anatomical features which make each species, orgenera, distinctare subject to variation. This
variation can manifestitself as either simplevariation amongstindividual specimensto variation due
to the stage of growth when the charcoal sample was created. A twig specimen will differfroma

specimen taken fromthe trunk of a mature tree.

Thisvariation can, at times, lead to similar features present between two species. In such cases the
available literature used to assist identifications (Meylan and Butterfield 1978; Patel 1973, 1978,
1986, 1995, 1995a) can prove insufficientin providing identifications as only single ‘typical’ samples
are pictorially represented. In such cases, and as standard good practice, reference should be made

to woodslide samples.

Wood reference samples consist of thin sections of modern wood samples mounted on slides to
allow forviewing of anatomical features through alightincidence microscope. The three views used
inidentifications (transverse, tangentiallongitudinal, radial longitudinal) are represented within the
reference collectiontoallow forviewing of all features. The samples are ideally taken from branch
wood, matured beyond the twig growth phase so to ensure that anatomical features would be

clearlyvisible.

As the practice of charcoal identificationsis a developing area of research within the Archaeology
programme at the University of Otago the wood reference collection has been under constant
renovation. Anumberof species wererepresented only by twig specimens which, as previously
mentioned, are not suitable forreference as the anatomical features can be difficult toidentify.
These species, many of which were conifers, wereadded to the reference collection with the kind

assistance of Rod Wallace from the University of Auckland Archaeology Department.

Samples were sourced from both the Dunedin Botanic Gardens (with kind permission) and privately

owned residences.
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The process for the creation of wood reference sample slides was as follows;

1cm3 samples were cut from modern wood samples

( Samples were soaked indistilled water for approximately )
2 hours (this varied depending on the individual sampleas
certainspecies required a longer soakingtime)

Samples were boiledindistilled water to further soften
them
4 1\

A microtome was used to slicethinsections of 10um
thickness from 1cm3samples on three planes;transverse,
tangental andradial

The thin sections were soaked ina solution of 1% bleach
until colour was removed
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Usinga small paintbrush specimens were placed from bleach solution onto a
microscopicslide

Specimen was rinsed with distilled water five times

Onedrop of safraninsolutionis placed onto the specimen

Safraninimmediately washed off and specimen rinsed a further five times with
distilled water

Slideis then dried and checked under a microscopefor viability

Ifslideis viablethen itis rinsed oncewith 100% ethanol to remove water residue

One drop of acetone placed on specimen and left to dry for approximately 20 seconds

(. J

e N

A small amount of Eukitt mounting medium placed on slideand a coverslip placed on
top

Slides leftto dry overnightinafume cupboard
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|dentification
Identification of charcoal samples was achieved through the observation of particularanatomical
features, asdiscussedinearlierin this chapter. Guidance was given through the assistance of both

Dr Justin Maxwell, and Dr Rod Wallace.

Sampleswere chosen atrandom from the previously sorted sample and weighed. All samples were
observed usingaZeiss Axio 40Alm dark field microscope under magnifications 50X, 100X and 200X.
Samples were snapped using tweezers and placed within asmall tray of sand on the microscope’s
stage to first observe the transverse plane. This plane was assessed to make a preliminary
identification, initially gymnosperm or angiosperm and then using Meylan and Butterfield (1978) to
narrow down potential species. Once a preliminary identification was made the sample was further
snappedinorderto observe the tangential longitudinal plane and the radial plane. Reference

material, both charcoal and wood, was referred toin orderto make a positive identification.

Angiosperms wereidentified largely from the transverse and tangential longitudinal planes. The
transverse plane was examined to determinethe vessel size and arrangement, as well as the degree
of porosity and ray shape. Once possiblespecies had been identified the tangential longitudinal

plane was observed and numerous features used to determine a positive identification.

The identification of gymnosperms was conducted through the observation and assessment of
anatomical details describedin both Patel (1967a, 1967b, 1968) and material provided by Dr
Wallace. These anatomical details were first assessed on the transverse planewhere growth rings,
tracheid cell thickness and the presence orabsence of axial parenchyma were observed. These traits
were talliedin ordertorule out unlikely species. Further observations were made on the tangential
longitudinal plane with regard to the ray height and presence or absence of tangential wall inter-
tracheid pits. Finally the cross-field pitting on the radial plane was examined and assessed in order to

make a taxonomicidentification.

A selection of the diagnosticanatomical features are shownin the above figure, figure 14. A species

key used duringthe identification of specimens can be found in appendix 1.
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L. scoparium, transverse view, 50X M. australis, transverse view, 50X
magnification. Oblique patterning of vessels magnification
shown.
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P. divaricatus, transverse view, 50X. Concentric  S. microphylla, tangential view, 100X. Storied

banding shown. axial parenchymashown.
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P. totara, radial view, 500X magnification. P. taxifolia, radial view, 200X magnification.

Small, cupressoid cross field pits shown. Large, cupressoid cross field pits shown

Figure 14. Diagnostic anatomical features of a selection of species identified within this research.
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4.4 Quantification

Quantificationisthe final filter between the original vegetative communities. As discussed briefly in
Methodology; combustion filters, fragmentation and mass loss experienced by wood during the
combustion filter can affect how the identified results are interpreted. Translating the identified
samplesintoappropriate results involves the quantification of samples. Within anthracology thisis
largely encompassed within the debate of fragment count versus weight. The investigations, largely
basedinthe Montpellier school have shown that fragment counts providethe most
palaeoecologically representative sample (Asoutiand Austin 2005; Chabal 1990; Théry-Parisot etal.
2010). As aresult of the previously mentioned research aset of parameters have been suggestedin
orderto ensure the most representative results (Asouti and Austin 2005). These parameters can be

summarised as the following:

e Appropriate sample practices that targetlong-term deposits (for more detail see
Methodology: vegetation reconstruction)

e Thesampling of multiple sites for comparison and pattern identification.

e Anunderstanding of existing vegetation and modern ecology, comparing species ratios with
those generated from anthracological data.

e Whenavailable, alternative palaeoenvironmental studies that complement charcoal analysis
should be consulted. Asoutiand Austin (2005) suggest palynological studies, land snails or

macrobotanical analysis.

The application of fragment counts over weight countsis also a more appropriate quantification
method when many studies have shown that the factors affecting masslossin wood samples are too

numerous to reproduce under experimental conditions (Théry-Parisot et al. 2010).

Although weights and counts are the most commonly utilised quantification methods thereare
several others that may be suitable. Huebert (2014) suggests both relative percentages and ubiquity
analysis as alternatives. Relative percentages are calculated “by dividing the sum of counts of a given
taxon and dividing by the total amount of material ina given sample” (Huebert 2014, 131). Thereisa
benefittothisapproachas it “even[s] outvariationin densitybetween samples, and effectively
inform[s] onthe changing use of plant materials overtime” (Huebert 2014, 131). The other
alternative suggested, ubiquity analysis, is usefulfor “illustrating broad-scale changesin the use of a
particularresource” (Huebert etal. 2010). Ubiquity analysisis performed quite simply onthe
presence or absence of individual taxa across a range of units or assemblages. These occurrences set

the relative value of individual taxaforthe overall assemblages or total units (Huebert et al. 2010).
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For example, ataxonthatwas presentacross half the assemblage would have a ubiquity value of 0.5

whilstataxon presentin only one of ten units would have a ubiquity value of 0.1.

As thisinvestigation is focussed on assessing the viability of curated assemblages as the subject of
retrospective anthracological analysis fragment counts will be made in ordertoidentify trends or
patternsin the taxa identified. Although an interesting concept, ubiquity analysis has been deemed
unsuitable forthis research due tothe limited number of investigated contexts as only two

occupation periods are analysed foreach site.

The methodology outlined above was utilised to generate the anthracological datathat was then
subjecttointerpretation. Understandingthe processes that have affected the charcoal assemblage
fromthe collection of fuel, to the excavation of charcoal allows us to understand the limitations
affecting each assemblage can be recognised. These limitations are explored furtherin the following

chapters as they impact how each identified assemblage can be interpreted.
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5. Results

The results are presented for each stratigraphic layerinvestigated. In order to ensure the most
representative sample specimens were taken from multiple contexts in increments of 50 until the
identified species had reached saturation on an exponential graph (see Methodology; quantification,
and figures 15, 16, 20 and 22). Contexts are identified with reference to both theirnature asa
primary or secondary context, their unit of excavation (aunitbeingalmx1imsquare) and feature
typeifapplicable. Allpercentage values are by fragment count, following the literature (see

Methodology; quantification).

The results here are presented in three categories; large trees, medium trees, and small trees or
shrubs. This broad categorisation allows for the grouping of species that fulfil similar environmental
roles. The categories also assist with the identification of large -scale environmental change as well as
indications of the vegetative communities targeted for fuel. Individual species will be discussed

whenthey function asindicators of particularenvironments.

5.1 Shag River Mouth

Layer 11 SMC:Dune

The assemblage of parent bagsfor layer 11 was the largest of the Shag Rive r Mouth charcoal
assemblage; atotal of 7 bags were availablefor subsampling. As the lowest stratigraphiclayer, layer
11 represents early interactions. Many of the available samples were from excavation units that are
considered primary contextsincluding firescoops and ovens. Inorderto mitigate the effects of
primary samplesand ensure results were more representative of general fuel selection strategies,
samples were taken from five different excavation units. Thesesquares wereidentifiedinthe order

of F8, C8, J5, F4 and D7 with a total of 50 identified specimens from each sample.

The contextrepresented by layer 11 is that of a domesticarea, with radiocarbon dates placing

occupationinthe 14" century (see figure 15below).

Units C8, F4 and D7 are all identified as firescoops while units F8and J5 are matrix. Though the
firescoop units are primary contexts, together they represent multiple fire events. Secondary

contexts represented by units F8and J5 assistinidentifying diversity from multiple fire events.

Withinthe layer 11 subsample atotal of 250 specimens wereidentified. The incremental

identifications were plotted against the cumulative taxato determine when the sample could be
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considered representative. Within the identifications a total of ten taxa were identified to aspecies

level with afurtherfive generaandthree family levelidentifications (see table 3). A total of 28

specimens, 11.2% of the total sample, were unableto be identified, due to the condition of the

charcoal. The density of the charcoal led to incomplete snaps and unidentifiable anatomical

features.
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Figure 15. Incremental identifications plotted against cumulative data. Shag River Mouth, layer 11 High Dune Excavations
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Table 3. Summary of wood charcoal identifications from Shag River Mouth layer 11.

F8

Context N.Baulk C8 J5 F4 D7 Total Nisp. Percentage total

Plagianthus divaricatus 7 7 1 1 16 6.4
Olearia ?spp. 5 11 5 5 26 10.4
Myrsine australis 6 2 8 3.2
Coprosma ?spp. 1 1 1 3 1.2
Discaria toumatou 1 1 2 0.8
Hebe ?spp. 1 1 2 0.8
Pittosporum ?spp. 1 1 0.4
Myoporum laetum 1 1 0.4
Kunzea robusta 3 9 2 14 5.6
Leptospermum scoparium 5 4 9 3.6
Sophora microphylla 27 13 17 9 66 26.4
Coraria arborea 1 1 0.4
Pseudopanax ?spp. 3 1 3 7 2.8
Myrtaceae ?sp. 2 1 1 4 1.6
Malvaceae ?sp. 2 2 0.8
Podocarpus totara 13 5 35 53 21.2
Prumnopitys taxifolia 3 1 1 5 2
Podocarpaceae ?sp. 1 1 2 0.8
Unidentified 5 12 3 6 2 28 11.2

Largetrees
Two species of large tree were identified within the assemblage; these were Podocarpus totara and
Prumnopitys taxifolia. The least taxonomically distinct identification made was of the family

Podocarpaceae.

Within the category of ‘large trees’ P. totara was the most dominant, by a significant margin. Italso
represents asignificant percentage of the total sample (see Table 4). Identifications of totara were
made within three of the four sampled excavation units but are concentrated in the firescoop
context of unit D7. This concentration equals 70% of the material from unit D7 and s indicative of a

large piece of P. totara beingused as fuel.

Prumnopitys taxifolia was identified within the same excavation units although at 2% of the total
sample itrepresents amuch smaller portion. The relativeabundance of P. totara in contrastto the
abundance of P. taxifolia suggests that the large trees were being opportunistically taken as

remnants of previously intact forest, such as driftwood.
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The presence of both P. totara and P. taxifolia is an indication of established podocarp forest within
the larger catchment for the Shag River. This conclusion corresponds to the paly nological research
conducted at the site (Boyd et al. 1996) whichidentified both P. totara and P. taxifolia within the

pollenrecord.

Medium trees

Withinthe medium trees category three species wereidentified; Myoporum laetum, Kunzea robusta
and Sophora microphylla. The family Myrtaceae was also included when identification toaspecies
level was not possible on specimens presenting anatomical features presentin both Leptospermum

scoparium and Kunzea robusta.

Myoporum laetum represents only asingle identification, fromthe firescoop in unit F4, a reflection

of the importance of large sample sizes.

The Sophora microphylla identifications dominate both the medium tree category and the total layer
11 assemblage comprising 26.4% of the total sample. Presentin both primary and secondary units,
the relative abundance of S. microphylla suggests thatit was routinely used forfuel. Asatree with
high light demands S. microphylla would have been found growing on the fringes of established

forestor within seral vegetation.

When considered with the relatively low abundance of L. scoparium and K. robusta, both of which
are indicators of seral vegetation, it suggests that fuel is being collected from areas of relatively open
forest margins and scrubland. The palynological reconstruction of Shag River Mouth indicates an
environment “characterised by complex patterns of forest, scrubland, fernland and grassland” (Boyd

etal. 1996, 262).

Smalltrees or shrubs

This third category is unsurprisingly the most diverse. Identifications to aspecies level were possible
for the following; Plagianthus divaricatus, Myrsine australis, Discaria toumatou, Leptospermum
scoparium, and Coraria arborea. The least taxonomically specificidentification was of two specimens
to the Malvaceae family where positive identification as P. divaricatus could not be confirmed. The
lack of species-specificanatomical features led to the identification of five genera; Olearia,

Coprosma, Hebe, Pittosporum, and Pseudopanax within the sample.

The diversity of this category is reflected in the low percentage values of these identifications. As the

speciesincluded within this category typically representa smaller mass when entering the

59



archaeological record, they are the mostvulnerableto loss through taphonomicprocesses. This
potential for ‘invisible’ speciesisasignificant factorforappropriate sampling. The presence of a
single-identification taxon (Coraria arborea) indicates that the taxonomic diversity of the sampleis

closerto beingtruly representative.

Olearia is the most often reported identification at 10.4% of the total sample (see Table 4). As
Olearia could only be identified on a genericlevel itis highly likely thatanumber of species are
identified. Although numerous species are represented within the generic identification, the high
percentage indicates thatthe open, scrubby environment most common to the genus was being

exploited.

The estuarine environmentis clearly indicated as asource for fuel through the presence of P.
divaricatus. Although this species would have grown exceptionally close to the occupationssiteitis

not overtly present within the sample making up only 6.4% of the total layer 11 sample.

Layer 11 overview

The results of the layer 11 identifications show an even spread between the three categories (see
figure 16 below). The balance of the three categories suggests that arange of environments are
represented withinthe results ratherthan asingle environment dominating the assemblage.
Estuarine scrub and associated coastal dune are clearly visible withinthe ‘smalltree and shrub’

category, while open forest margins are represented through the ‘medium tree’ category.

The variation betweenindividual firescoops also supports the interpretation of multiple
environment exploitation. The D7 firescoop is dominated by Podocarpus totara, considered to
represent driftwood whilst the F4firescoop has high amounts of S. microphylla, potentially

indicating forest margins, and adiverse combination of both coastal dune shrubs and P. totara.

These resultsindicate that fuel collection was taking place overawide range of environments
around the ShagRiver Mouth settlement. The opportunisticinclusion of large tree speciesfrom
remnantwood isvisible in combination with smallshrubs sourced from the immediate dune

vegetation and possible forest margins.
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Figure 16. Comparison of identification categories for layer 11, Shag River Mouth

Layer 7 SMC:Dune

Layer 7 differs fromlayer 11 as all the samples are from the same feature, numbered 302.

Althoughit has been suggested thatit was a multi-use oven (see background; Shag River Mouth) the
nature of feature 302 as a primary context necessitatesitbeinginterpreted asasingle fire event. In
orderto maximise the range of fuel woods identified, samples were taken from different locations

withinthe large feature. These locations are labelled as excavation units B4, C4 and stakes 3 and 4.

A total of 200 specimens from the feature were subject toidentification. Asseenin figure 17 below,
this sample size was considered appropriate through the plotting of incremental identifications
against cumulative taxa. A total of 10 specimens were unableto be identified through the
degradation of the charcoal. Four species were identified; Plagianthus divaricatus, Sophora

microphylla, Myrsine australis, and Prumnopitys taxifolia (seetable 4).
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Figure 17. Incremental identifications plotted against cumulative data. Shag River Mouth, layer 7 High Dune excavations.

Table 4. Summary of wood charcoal identifications from Shag River Mouth, layer 7 identifications.

Total
Context Stake 3 Stake 4 B4-7 Cca-7 Nisp. Percentage total
Plagianthus divaricatus 43 43 37 27 150 75
Sophora microphylla 4 1 3 19 27 13.5
Myrsine australis 4 4 2
Prumnopitys taxifolia 5 4 9 4.5
Unidentified 3 1 2 4 10 5
Largetrees

A total of nine specimens were identified from the layer 7sample that belongto ‘large tree’ species

Prumnopitys taxifolia. These identifications were in both unit B4 and the stake 4 sample. The small

percentage, less than 5% of the total, and the remainingidentifications suggests that the P. taxifolia

was driftwood that was collected in the same estuarineenvironment as the P. divaricatus

Medium trees

Sophora microphylla was the only speciesidentified fromthe ‘medium tree’ category. S. microphylla

comprise a total of 27 identifications within the assemblage, the second most abundant species at

13.5% of the sample. The majority of S. microphylla identifications, 19from a total 27, were fromthe

C4 unitof excavation. This localisation of the taxon within the oven suggests that a single piece, or

small amount, of S. microphylla was represented.
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Smalltrees and shrubs

The ‘small treesand shrubs’ category isthe most diverse category of feature 302 with two species
identified. The first species, Plagianthus divaricatus, is the most prominent of the layer making up
75% of the total sample forthe layer. The second shrub speciesidentified was Myrsine australis, of

which a total of fouridentifications were made from excavation unit B4.

The dominance of P. divaricatus is an extremely strongindicator of the environments from which
fuel has beensourced. As P. divaricatus is a salt-tolerant species it can be found growing very close
to the marine and estuarine environments. At the time of this research P. divaricatus can still be
seen growingamongst the dunes, and close to the estuary at Shag River Mouth. The high percentage
of a speciesthat grows close to the occupation site suggests that the fuel collection took place

withinthe immediate environment of the site.

Thisis a similarresultto the charcoal analysis undertaken by Wallace (Boyd et al. 1996), in which

53.1% of the samplesidentified were P. divaricatus.

Layer 7 overview

The dominance of P. divaricatus is a strongindicator of the fuel collection strategy represented by
feature 302. The single-fire event appears to have been fuelled almost exclusively on the coastal
shrub, which would have been growingin close proximity to the site and thus would have been
easily accessible. The supplementary species are indicated by theirrelativeabundance to have

occurredin small amountsand may represent driftwood.

Shag River Mouth Layer 7 |dentifications

180

[ e I
A D O O N B O
o O O O o o o

Number of identified specimens
N
o

Large Trees Medium Trees Small Trees and Unidentified
Shrubs

o

Figure 18. Comparison of identification categories for layer 7, Shag River Mouth
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5.2 Purakaunui

Layer 4
Layer 4 was the lowest cultural layer of the southern excavation. It consists of ageneral midden
scatter with some intactumuinclusions. None of the units chosen for subsamplingincluded single

umu. The radiocarbon dates, including atwig sample, place occupationinthe earlier 15th Century.

Specimenswere sourced fromthree units, and where a unit was sampled twice, separate spits were
sourced. The units were: K5, M10 and J5 (figure 19). A total of 22 specimenswere unable to be

identified. Through analysis atotal of 12 species were identified with afurtherfourgeneraandone

family.

A total of 250 specimens were identified through the subsampling. A sufficient sample size was

ensured through samplingtoredundancy, asillustratedin figure 20.
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Figure 19. Barber Southern excavation area and plan showing excavation units and numbered pit features, Purakaunui
144/21.
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Figure 20. Incremental identifications plotted against cumulative data. Purakaunui, southern excavation, layer 4

Table 5. Summary of wood charcoal identifications from Purakaunui, southern excavation, layer 4.

K5-4-ii J5-4- N. Percentage

Context K5-4-ii NEQ J5-4-ii baulk M10-4-ii Total Nisp. total

Myrsine australis 2 1 2 2 7 2.8
Coprosma ?spp. 1 5 1 2 3 12 4.8
Pennatia corymbosa 2 5 2 9 3.6
Hebe ?spp. 1 1 2 0.8
Myrtaceae ?sp. 4 1 1 1 1 8 3.2
Leptospermum scoparium 5 14 4 5 6 34 13.6
Pseudopanax ?spp. 1 1 1 1 4 1.6
Pseudopanax crassifolius 1 1 0.4
Streblus heterophyllus 1 1 0.4
Kunzea robusta 3 1 2 2 2 10 4
Sophora microphylla 1 1 2 0.8
Melicytus lanceolatus 1 1 0.4
Mpyoporum laetum 2 1 3 1.2
Metrosideros ?spp. 2 2 0.8
Metrosideros umbellata 2 2 0.8
Podocarpus totara 13 15 18 10 7 63 25.2
Prumnopitys taxifolia 12 5 12 18 20 67 26.8
Unidentified 6 5 4 3 4 22 8.8
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Largetrees

Three species of large tree were identified within this category, the largest percentage of the layer.
Podocarpus totara and Prumnopitys taxifolia dominated both the layer and the category, comprising
over50% of the total sample. Afurthertwo identifications were made of Metrosideros umbellata
and fortwo samples where species specificanatomy was not visible, the genus Metrosideros,

although given the geographiclocation of the site itis most likelythatthey are M. umbellata.

The extremely high proportions of P. totara and P. taxifolia are strongindicators of a well-
established forest being directly accessed forfuel. Given the large size of both speciesitis most
likely that fuel wood would have taken the form of branches or surplus from construction. The

presence of M. umbellata also suggests the targeting of coastal forestforfuel.

Medium Trees

This category has both the lowest diversity and percentage count, consisting of only 6.4% of the total
sample. The five identified species were; Streblus heterophyllus, Sophora microphylla, Kunzea
robusta, Melicytus lanceolatus and Myoporum laetum. All of these tree species grow along forest
margins although theirlimited presence suggests that they were not targeted forfuel collection but

may have been taken opportunistically either as smaller branches or driftwood.

Smalltrees or shrubs
Small trees and shrubs was the most diverse category forthis layer. A total of fourspecieswere
identified with three genera where individual species could not be distinguished and one family,

Myrtaceae. This category makes up just over 30% of the total sample.

Leptospermum scoparium was the most frequently identified speciesin this category comprising
13.6% of the total species. As acolonising species with high light demands L. scoparium will quickly
take advantage of recent clearings and could represent forest margins or scrubland. Forest margins
are alsosuggested by the relative abundance of Coprosma species which often form the understory

of established forests.

Layer 4 overview

The results of the layer4 identifications show a clear prevalence of large trees within the subsample.
Thisis essentially the dominance of two species, as discussed, which indicates the presence of a
large matai and totara forest. The understory and margins of thisfore st can be seenin the
identifications of Coprosma species aswell as L. scoparium. |dentifications of P. corymbosa and S.

heterophyllus encourage the interpretation of aforest understory being accessed for fuel.
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Figure 21. Comparison of identification categories for layer 4, Purakaunui.

Layer 2

Layer 2 represents the youngest cultural layer of the southern excavation. As described in the
background chapterit consists of bone and shell midden in a matrix of dark grey-black sand. As layer
2 representsasecondary charcoal context, that of a general midden scatter, itis suitable for
vegetative reconstruction. There is no statistical difference between the radiocarbon dates from
layer4 and layer2 at 95% confidence (Barber pers. comm. 2015) otherthan forbasal Melicytus

outlier (Wk 37501).

The layer caps the pit features, howeveronly units outside the pits were sampled. A total of 250
specimens were identified from four units. These units were; J5, L12, M10 and M9 (see figure 19).

Unit M9 was sampled twice, from spitsivandv.

A total of 29 specimens were unable to be identified due to either beingtoo small orthe condition
of the charcoal not allowing for appropriate snaps. Within the identified specimens 13 species were
identified with afurtherfive generaand two familiesidentified where identification to a species

level was not possible.
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Figure 22. Incremental identifications plotted against cumulative data. Purakaunui, southern excavation, layer 2.

Table 6. Summary of wood charcoal identifications from Purakaunui, southern excavation, layer 2.

Percentage

Contexts J5-2-ii | M9-2-v M9-2-iv L12-2-i M10-2-i Total Nisp. total

Pittosporum ?spp. 1 1 2 0.8
Myrsine australis 1 4 1 16 28 11.2
Coprosma ?spp. 3 1 4 10 4
Pennatia corymbosa 2 3 5 2
Hebe ?spp. 1 1 0.4
Myrtaceae ?sp. 1 1 2 0.8
Leptospermum scoparium 4 4 8 4 25 10
Pseudopanax ?spp. 3 6 10 4
Pseudopanax crassifolius 6 1 8 3.2
Streblus heterophyllus 1 2 3 1.2
Kunzea robusta 3 3 5 3 19 7.6
Sophora microphylla 4 1 9 3.6
Melicytus lanceolatus 2 2 5 2
Melicytus ramiflorus 3 1 6 2.4
Myoporum laetum 3 2 1 4 13 5.2
Metrosideros umbellata 2 0.8
Podocarpaceae ?sp. 1 3 1.2
Podocarpus totara 6 10 3 25 10
Prumnopitys taxifolia 9 7 19 2 44 17.6
Nothofagus ?spp. 1 1 0.4
Unidentified 10 7 5 4 29 11.6
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Largetrees

Three species were identified within the category of ‘large tree’; Podocarpus totara, Prumnopitys
taxifolia and Metrosideros umbellata. Afurtheridentification of the genus Nothofagus was
restricted to a single sample which due toits small size was unable to be identifiedtoalower
taxonomy. The identification of ‘Podocarpaceae’ was made when distinguishing anatomical features

were notvisible.

P. taxifoliais the mostrepresented within the context with 44 identifications,almost twice as many
as P. totara. Whilst presentin all contexts, almost half the P. taxifolia specimens were concentrated
inunitL-12-2-i. Although still presentin significantamounts P. totara is not nearly as abundantas P.
taxifolia. The relative abundance of both species suggests that, while present, large trees are either

not the focus of fuel collection strategies, or are not readily available.

The smaller quantities of alarger range of ‘large tree’ speciesis indicative of driftwood orfallen

material from coastal forests beingincludedin fuelcollection strategies.

Medium trees
Identifications toaspecieslevel was possible forsix speciesin this category; Myoporum laetum,
Melicytus ramiflorus, Melicytus lanceolatus, Sophora microphylla, Kunzea robusta, and Streblus

heterophyllus.

The relative abundance of K. robusta suggests that relatively open environments were being
accessed forfuel collection. Thisinterpretation is encouraged through the identification of S.
microphylla and both Melicytus species which are commonly found on forest margins or partially

clearedland.

Smalltrees and shrubs

Smalltrees and shrubs represent both the most diverse and largest category for this layer, making
up a 36.4% of the total sample. Within this category four species were identified with afurtherfour
identifiable only to genus level and for some small samples it was possible only to confidently assign

themto the family Myrtaceae.

Within this sample two species are presentin significant portions; Myrsine australis and
Leptospermum scoparium. Togetherthey represent over 20% of the total sample. Alarge percentage
of the identified M. australis was isolated to the sample recovered from unit S-M10-2-i and may be
more representative of asingle fire. L. scoparium however was distributed evenly throughout the

total sample which suggestsitwas a commonly sourced fuel.
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The relative abundance of Coprosma ?spp, is commonly associated with forest understories and
when considered in combination with the range of small tree and shrub species identified suggests

that forest margins and their easily accessible species were targeted for fuelcollection.

Layer 2 overview

Interpretation of the completeresults of layer 2identifications indicate that fuel collectionis taking
placeina forestenvironment. The relativeabundance of P. totara and P. taxifolia suggest that they
make up the upper canopies of the forest. The species that were found on the margins of the forest
and inthe under canopies consist of a mosaicof, among others, M. australis, Coprosma, L.
scoparium and both Melicytus species. While driftwood may make up a portion of the identifications

it can be consideredrestricted to the small amounts of large tree species, notable Nothofagus.
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Figure 23. Comparison of identification categories for layer 2, Purakaunui.

These results represent the preliminary findings for each of the contexts individually. They provide
the firstindications of which vegetative environments were beingtargeted for fuel collections. The
results alsoindicate how representative each identified charcoal assemblageis, with the applications

for furtherinterpretation exploredin the following chapter.
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6. Discussion

The research questions posed in the introduction are an attempt to quantify the potential
anthracological value of existing, curated, charcoal assemblages. The results, as discussed in the
previous chapter, have indicated the environments targeted for fuel collection. In this chapter|
untangle these results and apply the research questions guiding this investigation through

comparison of the two archaeological sites.

6.1 Site comparison

The two archaeological sites investigated within this thesis were chosen onthe weight of both their

similarities and differences.

The physical proximity of the two sites places them both on the east coast of Otago, and thus within
the same dry climate and similar vegetative communities. The temporal proximity of the sitesistwo-
fold; first Purakaunui was occupied up to 50 years after Shag River Mouth, and secondly they were
occupied forsimilardurations with Shag River Mouth being occupied forapproximately 50years and
Purakaunuifor< 100 years. The differences presented by the sites include theirspecific
environmental niches and functions. One of the mostimportant differencesis presented, not
through the sitesthemselves, but the archaeological processes undertaken during excavation. Thisis
primarily concerned with the on-site sampling of charcoal, with the curation of excavated material

also considered.

Environmental

The climates and geographiclocations of the sites means that they share a comparable range of
flora. The similarities are extended to include the coastal nature of both sites, aswell as their
proximity to a range of environmentsincluding established coastal forestand open scrubland. Itis
the differences separating the sites that need to be considered as they become visible inthe

anthracological record.

Shag River Mouth occupies the open dune environment adjacent to the mouth of the ShagRiver.
This providesthe site with access to both the estuary and associated saltmarshes as well as flat
shrublands tothe south of the site. The open vegetation behind the site has beenindicated through
palynological analysis (Boyd et al. 1996) to be that of a shrub and scrubland. The northern aspect of

the estuary consists of moderately steep exposed rock faces (see figure 24).
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Figure 24. Northern aspect of Shag River Mouth. Visible is the estuary mouth and large sandbank with a large amount of

driftwood. Photo taken May 2015.

In contrast, Purakaunuiislocated adjacentto a coastal inlet. This site is located ona dune system, on
the northern aspect of the inlet, currently planted with pines. The soil consists of loamy sand typical
of coastal dunes. The environment on the southern aspectof the inletis steep hill, with some
exposedrock and boulderbeach deposits atthe inlet mouth. Thisareais now occupied as the
modern settlement of Purakaunui. As with Shag River Mouth, the dune system is mobile and subject
to coastal erosion. Barberand Walter (2002) calculated thatthe coastline has, in parts, retreated as

much as 25m since the late 19" century.

Figure 25. Eastern aspect of tidal inlet mouth (Photo taken July 2013). .
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Chronology

Radiocarbon dating has shown that in both instances, the sites were occupied within a period of 100
years (see Background chapter forfull list of radiocarbon dates). Shag River Mouth has an
approximate occupation period of up to 50 yearsinthe mid to late 14 century (Anderson and Smith
1996¢). The two cultural layers at Purakaunui represents atimespan of <100 years around the early
to mid-15% Century (see Background; Purakaunui). This closenessin occupation timeand span at
both sites provides arare opportunity for comparison through anthracological analysis. The
differences between the twosites, as explored in this chapter, highlight many facets of both
vegetationinteractions of the period of early Polynesia colonisation and their representationin the

anthracological record.

Settlement patterns

Although occupation has been shown to have occurred at similartimes the patterns of settlement
and occupation are less comparable. Shag River Mouth was hypothesised to represent relatively
sustained occupation. Faunal analysis showed continued environmental impacts overtime as moa
are commonin layers 6-11 of the SM/C:Dune excavation but relatively scarce in youngerlayers
(Anderson and Smith 1996b; McGovern-Wilson et al. 1996). Fish, shellfish and small birds all become
more abundantinthe upperlayers (Anderson and Smith 1996b). The environmental impact of
sustained occupation has also beenillustrated in the palynological record. Pollen analysis showed
large scale landscape clearing and the replacement of shrubland with open seral fern dominated

vegetative communities. Thisis discussed furtherin the chapter.

Purakaunui was initially interpreted by Anderson (1981) as a seasonal fishing camp. The subsequent
investigations of Barberand Walter(2002) show that although fishing was the primary activity
undertaken atthessite, itis part of a widersubsistence strategy. Analysis of fauna suggeststhata
wide range of coastal speciesincluding coastal birds (notably Diomedea) were targeted, with Kuri
(Canis familiaris) presenting the only significant terrestrial contribution (Mitchell 2010). The
discovery of a storage pitcomplex suggests amore complex site occupation history (Barberand

Walter2002).

The differencesin the settlement patterns of both sitesis reflected inthe palaeobotanical record.
Thisis largely through anthracological analysis at Purakaunui and palynology at Shag River Mouth.
Although, as discussed within this chapter, the two records can complement each othertoforma

more cohesive image of vegetativeimpacts.
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Methodology

Sampling strategy
The anthracological contexts represented in this research range from asingle oven feature, to
generalised midden scatter, as well as a combination of both. The sampling strategies represented

by these contrasting contexts highlight how much information can be retained orlost.

As has beendiscussed previously, the sampling strategy at Shag River Mouth can be largely classified
as targetingfirescoops and otherdistinctfire events. This focus of firescoops and ovens has resulted
inthe representation of a single fire event, feature 302, for layer 7. Layer 11 is more representative
with three individual fireevents. It must be noted that this was not the exclusive method of
samplingassome samples (layer 11 units F8 and J5) represent general midden scatter which means

that layer 11 isa more representative unit.

In contrast, excavation at Purakaunuiincluded the bulk sampling of general midden scatterin most,
if not all, excavation units. Thus, each sampled unit represents multiple fire events making

Purakaunuithe more representative assemblage.

The second considerationis the curation of the above mentioned samples. Another similarity of both
sitesistheirexcavationinassociation with the University of Otago; afact which has resultedinthe
storage of all excavation material within the University’s archaeological laboratories. This simple fact
has resulted in material from both excavations beingincludedin numerous student dissertations and
theses, the writer'sincluded (Allen 2013; Bull 2008; Gay 2004; Higham 1990; Kirk 1989; Latham
2002, 2005; Lawrence 2012; Mitchell 2010). Inthis aspect, the charcoal assemblage from Shag River
Mouth is at a disadvantage asits earlier excavation hasresulted inalonger period of investigation
and thus a potentially increased incidence of curation interactions. Curation interactionsinclude
laboratory processes such as washing, sorting or removal of material, as well as activities such as re -

labelling or simply moving parent bags.

Itisacknowledgedthatthe available parent bags for subsampling from both sites may notaccurately
represent the full spectrum of material excavated. However this ‘availability’ of samples has been

considered areflection of the vulnerabilities of curation.

The bulk samplesthat representthe sampling strategy at Purakaunui are the most appropriate form
of samplingif onsite floatation or subsampling for botanicresearchis not undertaken. Bulk sampling
preservesan accurate representation of the charcoal assemblage, mostimportantly smalldiameter

specimens and can thus avoid introducing biasinto the anthracological record.
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Collection strategies that hand-select forlarge pieces of charcoal resultin a heavily biased
assemblage. Thisisillustrated in the charcoal identifications from feature 302. Asvisible inthe table
7 below the mean weight of P. divaricatus specimens was largerthan any of the otherspecies
identified. Hand selection of specimens from the primary context (notably the ‘stake 3’ and ‘stake 4’
parent bags) may have resultedinthe reduced abundance of these already poorly represented

species.

Table 3. Mean weights of specimens from feature 302, layer 7, Shag River Mouth.

Species Total nisp. Mean weight of samples(g)
Plagianthus divaricatus 150 0.22
Myrsine australis 4 0.15
Sophora microphylla 27 0.12
Prumnopitys taxifolia 9 0.08
Unidentified 10 0.13

Togetherthese contexts, and theiraccompanying sampling methods have illustrated the limitations
of retrospective anthracological research on curated assemblages. The relative ‘appropriateness’ of
a sampleisdetermined primarily through the intended focus of the research; studies concerned with
fuel collection should sample charcoal from alarge number of primary contexts originating within
secure stratigraphiccontexts while studies interested in vegetation reconstruction and

anthropogenicimpacts require samples from secondary contexts.

6.2 Fuel collection

As all samplesincludedinthisresearch represent charcoal generated through cultural activity they
are all suitable for providing information on fuel collection. Fuel collection is not to be confused with
fuel selection. Fuelselection strategies are concerned with the preference and targeted collection of
specific, valued, species or ‘types’. Instead fuel collectionis concerned with general practices

surroundingthe collection of fuel wood.

Limitations onthe information gathered are introduced when the number of fire events are
considered. The largerthe number of fire events, the more the anthracological record informs on
general fuel collection patterns ratherthan a single collecting event. As with vegetation
reconstruction, secondary contexts are preferable as they are the result of multiplefire events. The

description of asingle fire event, such as feature 302, provides evidence of one fire eventamongthe
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hundreds, if notthousands, that would have occurred during the site’s 50 year occupation period

(Anderson and Smith 1996b).

The single fire eventrepresented by feature 302 from layer 7 of the Shag River Mouth high dune
excavations contained only four species of wood. Analysis of 200 individual specimens yielded highly
concentratedidentifications of asingle species (P. divaricatus). Without comparison tofire events
fromthe same stratigraphiclayeritis difficult to determine if the fuel collection strategy
represented by feature 302 is typical or anomalous. The high concentrations of P. divaricatus may
reflectona persistentfuelcollection pattern that targeted the close and easy to collect saltmarsh
species. Conversely it may alsorepresentasingle incidencewhereby the size of the oven, orany of

several reasons, resultedinthe collection of fuel that deviated from normal practice.

Analysis of the single fire event of feature 302 does not provide a comprehensive picture of fuel
collection practices. The dominant species, P. divaricatus, or coastal ribbonwood, is asalt-tolerant
shrub that would have been found in the immediate vicinity of the site and is still present today. The
wood value as fuel howeveris not very high as the wood is not very dense. The inclusion, and
concentration of P. divaricatus suggests that the fuel attributes of ease of collection was of primary
concern. The low relative abundance of the supplementary species; M. australis, S. microphylla and
P. taxifolia suggest thattheirinclusion relied on much smalleramounts of availablefuel, such as

could be represented by driftwood.

The limitations placed on datagenerated from primary contexts can be circumvented in part
through the analysis of multiple primary contexts. The fuel collection data thatis represented by the
layer 11 samples from Shag River Mouth show the results of three single fire events (units D7, C8
and F4) as well asthe numerous fires represented by the general midden scatter (units F8, and J5).
This provides a much more secure dataset forfuel collection trends during the occupation period

that layer 11 represents.

The increased representativeness of layer 11 isimmediately apparent with the identification of ten
species, fivegeneraand three families. Thisincreasefrom layer 7 clearly indicates that the inclusion
of multiplefire events creates amore diverse and representative anthracological dataset. Analysis of
the layer 11 datasetreveals the exploitation of several vegetative environments as well as how

relative abundances can vary between fire events.

As briefly discussed in the previous results chapter, the identifications from layer 11 reveal nosingle
species dominates the assemblage, but rather a range of environments are represented. The
saltmarsh environs are still present with the identification of P. divaricatus, although at a moderate

abundance of 6.4%. Open scrubland and possible dune vegetationis wellrepresented with species
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such as Olearia ?spp, Hebe ?spp. and D. toumatou making up approximately 12% of the total sample.
The most abundantspeciesis S. microphylla, which when considered with other coastal forest
margin species (M. australis, M. laetum and Pittosporum) suggests that this environment was a
common location forfuel collection. The use of forest margins ratherthan open seral vegetationis
suggested by the relatively low abundances of L. scoparium and K. robusta, both of which are highly
suggestive coloniserspecies (Wardle 1991). The second mostabundant speciesis P. totara, although
as thisis concentratedin the firescoop represented by unit D7. The otherwise low abundance of P.
totara and otherlarge trees suggests that they represent fuel that was taken opportunistically from

remnant wood, likely driftwood, ratherthan sourced from the forest.

The above results are indicative as the sample size is small. However the inclusion of several fire

events, aswell as some secondary contexts, illustrates the benefit of appropriate sampling methods.

The most representative fuel collection datasetis generated from secondary contexts as these
contexts represent multiplefire events. The Purakaunui assemblages as secondary contexts

represent the fuel collection practices forthe two stratigraphically distinct occupation periods.

The fuel collection datafromlayer4 shows a clear domination of the two identified podocarp
species: P. totara and P. taxifolia. These two species provide over 50% of the total sample. The
remaining portion of the sample suggests that the understory and forest margins are also being
targeted due to the relative abundance of Coprosma ?spp. (4.8%), P. corymbosa (3.6%) and L.
scoparium (13.6%). The high abundance of podocarp species, both of which are large trees, suggests
that fuel was collected from an established forest. The form this collection may have taken, such as
collection of smaller branch wood, as surplus from construction, or other cultural activities, is

unknownasit is highly unlikely trees were being felled for the sole purpose of fuel.

The youngerlayer 2 revealsa slightly altered fuel collection pattern. The amount of podocarps has
decreased to approximately 30% of the total sample butis still the most abundantidentification. In
otherrespects the environments indicated as fuel collection zones are the same asin layer4. Forest
margins and understories are still represented with the following species presentin marginally
increased amounts; M. australis, P. crassifolius, S. heterophyllus, and K. robusta. The potential

reasons behind this are discussedin the following section.
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6.3 Vegetationimpacts

How and why is vegetation reconstruction (and impact) possible?

Identifying anthropogenicimpactsin vegetation communities is one of the central themes of
anthracological research. The vegetative communities within which past peoples wereliving can be
identified though vegetation reconstruction and through the investigation of change overtime we
can understand how peopleinthe pastare shapingthe vegetative environment around themselves.

Ultimately, anthracology is an archaeological tool toinform on the lives of people in the past.

Identifying anthropogenically induced change is possible when representative samples from
different stratigraphiclayers are compared. The change in relative abundances of species presentin
both, or all, the compared samples as well loss of species and introduction of new species all indicate
changesinvegetative communities. In this thesis, the anthropogenically induced change thatis
consideredis that of the burning practices associated with the IBP model. The IBP model predicts the
rapid removal of dense forest environments on the dry East coast of Otago through intentional
anthropogenicfiring by early Polynesian colonisers (McWethy et al. 2009, 2010, 2014). The IBP
modelis supported through the analysis of palaeoenvironmental datarecovered from inland lakes.
Through the analysis of archaeological charcoal assemblages this thesis tests the assumption of

dramaticvegetation change at an occupational level.

Analysing secondary contexts over time

Bulk samples from secondary contexts at Purakaunui provide representative samples of the
vegetation allowing for suitable vegetation reconstruction. Comparison of these two cultural
assemblages and the vegetation they represent allows foraninterpretation of change overtimein
the surrounding vegetation. The olderlayer4assemblage is associated with early occupationinthe
area and thusvegetationisrelatively unaffected by humaninteraction. Layer 2 represents
occupation within 100 years afterlayer4 and thus has the opportunity foranthropogenic

modification.

The resultsfromlayer4 all indicate that an established matai and totaraforest was within close
proximity to the site. The high abundance of both podocarp speciesin combination with anumber of
understory speciesidentified (Coprosma ?spp, P. corymbosa, Hebe ?spp, and C. arborea) strongly
indicates thatfuel wood was taken from within the forest environment (for more in-depth analysis
see Results: layer4). Layer2 islargely comparable to layer 4 with many of the same species present
inboth assemblages. The central difference between the two assemblages appears when the

relative abundances of shared species are compared.
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The layer4 assemblage is dominated by podocarps. Over 50% of the total sampleisidentified to two
podocarp species; P. totara and P. taxifolia. Within the younger layer the relative abundance of
podocarps has markedly decreased and they now only make up 28.8% of the total sample. The
reductionin podocarps byitself can be interpreted as aresult of changing fuel collection practices,
or reduced accessto the species. In orderto determine which reason the more likely, nuanced

changes between the non-podocarp species are considered.

The taxa that are considered ‘coloniser’ species, due to theirinclusionin seral vegetation and high
lightdemandsinclude; L. scoparium, K. robusta, Hebe ?spp., S. microphylla. Amarkedincrease in
these species would suggest that open areas are more commonly being accessed forfuel collection.
Thereisonlya minorincrease withintwo specieswith S. microphylla increasing 2.8% and K. robusta
by 3.6% .This does not suggest that the existing forest has beenimpacted sufficiently to encourage
significant seral vegetation. Instead, increases are seen inthe species that form the understories and
forest margins; Pseudopanax ?spp (5.2% increase)., Melicytus ?spp.(4% increase) and M. laetum (4%
increase). Fuel that was originally sourced from podocarps is substituted with species that are
growing withinthe fringes of the forest. In short, the changesin fuel collection are indicative of
vegetative impacts. The impact seen at Purakaunui overthe possible course of decades is not

largescale landscape modification but an encroachmentinto established forest.

The Initial Burning Period
The vegetative changes visible at Purakaunui help to understand the relative resilience of some New

Zealandforests and also assists inthe creation of a more nuanced record of environmentalimpacts

duringearly Polynesian colonisation on the East coast of Otago.

McWethy et al. (2009) suggest that the widespread burning which characterizes the IBP was initially
coastal before movinginland. They alsoindicate that the IBP occurred between 1270AD and 1600AD
(McWethy et al. 2010, 21344). The chronology of Purakaunui fits comfortably within this timeframe.
Howeveratleasta century afterfirst occupation, the Purakaunui data shows that podocarp forestis

persisting on the dry east Otago coast.

McWethy et al. (2009), as well as otherinvestigations (McGlone 1983, 1989; McGlone and
Wilmshurst 1999; McWethy et al. 2010, 2014; Perry 2012; Williams 2009) assert that duringthe IBP
widespread land clearance occurred though the burning of forest environments. The reasons behind
thisland clearance are suggested by Williams (2009) to be a result of the subsistence strategies
adopted by the Polynesian colonisers of temperate New Zealand. As the climate of southern New
Zealandistoo cold to support the agricultural practices transplanted from the Pacific, namely the

cultivation of taro (Colocasia esculentum) and kumara (/pomea batatas), the southern colonisers
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adopted a transientlifestyle (Anderson and Smith 1996c; Walter et a/.2006; Williams 2009). Such a
transientlifestyle required two attributes from the vegetative communities. The first was ease of
travel as “early Maori would have travelled across the landscape to target other non-local resources”
(Williams 2009, 182). The second attribute is the availability of carbohydrate rich plant species.
Outside the limits of cultivation, two native species were targeted as a source of carbohydrate: ti
(Cordyline australisl) and bracken (Pteridium esculentum). Thesetwo species were not subjectto
active gardening practices but their growth could be encouraged through the extension of suitable

environments. Firing established forests provides the open, environment that bracken and tiare

best suited to (Leach 2003).

Had the forest environment around Purakaunui been subjected to the practices of the IBP then the
relative abundances of the podocarp species would have been dramatically reduced as the
established forests were burnt. The result of forestlossisanincrease in open seral vegetation where
light-demanding species such as S. microphylla, K. robusta, and L. scoparium greatly increased. The
anthracological record at Purakaunui recognises areductionin the abundance of podocarps over
time but not in sufficientamounts toindicate land clearance and the accompanyingincrease in seral
speciesisnotidentified. Instead the anthracological record has shown the persistence of an
established podocarp forest through an occupation period that has been securely dated as <100
years. This small scale change is contrasted to the highimpact, fast moving landscape alteration

suggested by McWethy et al. (2009).

Despite its geographicsettingin coastal East Otago among established forest and occupation during
the early Polynesian colonisation, all factors which suggestinclusion in the IBP model, Purakaunui
doesnotfit the IBP model. Instead of largescale landscape modification for the purposes outlined
above, the local vegetation has been leftin arelatively intact state. The identification of Purakaunui
as an outlier highlights the value of amore nuanced interpretation of landscape change available

when archaeological assemblages are analysed.

Whilst the limitations presented by the nature of the Shag River Mouth contexts precludes them
from being used forvegetation reconstruction the anthracological dataset can be compared tothe
existing palynological data. Through comparisonitis possible to determine if they correlate with the

environmental changes indicated fromthe pollen analysis.

The Shag River Mouth pollen analysis shows adistinct transition from a dense scrublandinthe
immediate vicinity of the saltmarsh (Boyd et al. 1996) to more open “seral, fern-dominated

communities” (Boyd et al. 1996). Thisis identified as two distinct phases, or ‘zones’, of vegetation at
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the site. The first ‘zone’ identified “alandscape already heavily affected by burning” (Boyd etal.
1996, 262) though forestisstill present as well as a mosaic of scrubland, fernland and grassland
(Boyd et al. 1996). This developsinthe second zone which “records the destruction of local scrub
vegetation by fire” (Boyd etal. 1996, 263) and the “expansion of seral, fern-dominated
communities” (Boyd et al. 1996, 263). The transition from dense scrubland to more openfern

environment fits comfortably with the IBP model.

This movement of fire through the landscape around the site suggests that the cultural practice of
land clearance is being applied by the occupants of Shag River Mouth. This strongly suggests that
Shag River Mouth displays landscape management practices predicted by the IBP. The
anthracological record can be compared with additional palaeobotanical datain orderto understand

the process.

When the anthracological record, limited thoughiit is, is compared to the palynological record there
isa clearassociation. The dense scrubland and varied environments are visible in layer 11 with a
range of speciesincluding; Olearia ?spp., Coprosma ?spp., Hebe ?spp., and M. australis. These
speciesare all being collected as fuel. As many of them are too small to be reliably considered
driftwood it appearstheyare beingsourced directly from aliving environment. Thisis contrasted
with the single fire eventrepresentedin layer 7. Inthis context 75% of the total material identified
was the relatively poor-quality firewood species P. divaricatus or saltmarsh ribbonwood. The
remaining portion of the sample consisted of S. microphylla, M. australis, P. taxifolia and

unidentified specimens.

The dominance of P. divaricatus, as a low value fuel, has been hypothesised earlierin this chapterto
represent fuel collection methods. The proximity of the saltmarsh and thus quick access to fuel being
of higherimportance than the quality of the fuel in question. However, when considered intandem
with the dramaticvegetation transition reflected in the palynological record it may itself be a
reflection of limited choice of fuel. Clearance of shrubs and scrubland around the site limits access to
potential fire wood. In this manner both palaeoenvironmental data and archaeological charcoal data

have been usedto provide aricher picture of vegetationimpacts at Shag River Mouth.

Palynological and faunal data generated from the primary investigations of Shag River Mouth,
includingthe increase in relative quail numbers over time, established the fact of land clearance
aboutthe 14t century. Comparing the existing record to the anthracological datanot only re-affirms
theinitial findings of vegetation change butillustrates how this change affected the daily lives of
Shag River Mouths inhabitants. The charcoal identified from Shag River Mouth demonstrates how

the removal of forest and dense scrubland resulted in reduced wood fuel choices.
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The reasons behind eachsites relationship to the IBP model maylie inthe primary functionsand
targeted environments of Shag River Mouth and Purakaunui. As has been shown previously, the
occupants of Shag River Mouth accessed all surrounding environments; estuarine, coastal, and open
shrubland. Anderson and Smith (1996b) identify a shiftin subsistence strategies overtime at Shag
River Mouth. They describe a shift from “an earlier [subsistence pattern]focussinglargely on seals,
moas and coastal birds; and a later [subsistence pattern]dominated by shellfish, fishand open
country birds]” (Anderson and Smith 1996b, 283). McWethy et al. (2010, 21347) suggestthatthe use
of burning was an attemptto increase the productivity of the terrestrial environment through
replacement of beech and podocarp forests with bracken and other carbohydrate sources. Removal
of forests also created a more accessible environment. At Shag River Mouth it wasin the interests of
the inhabitants to maximise the terrestrial resources to replace those lost through exploitation in
the ‘earlier subsistence pattern’. The significant food resources of moa, seals and coastal birds
having been depleted during the earlier phase of occupation are replaced with finfish, shellfish and,
mostimportantly ‘open country birds’ (Anderson and Smith 1996b, 283). The removal of dense
shrubland would not only facilitate the growth of bracken but would increase access to terrestrial
species, such as the New Zealand quail. This management of vegetation extended the period of

viability at Shag River Mouth by maximising accessed to remaining resources.

Purakaunui contrasts with this resource use patternasthereisa clear coastal resource focus.
Andersonidentified the site as a temporary fishing camp, designed for seasonal use with the primary
function of catching, and potentially drying, finfish species (Anderson 1981). Although new evidence
fromthe excavations of Barber and Walter (2001, 2002) indicate that Anderson’s interpretation was
overly simplisticthere is still a clear coastal resource focus, with finfish dominating the faunal
assemblage at Purakaunui (Latham 2005). Coastal birds also predominate with birds from the

Diomedea genus accounting for nearly 50% of the total bird assemblage (Mitchell 2010).

Although thereisa clear coastal resource focus, the established forest would have provided
resourcesincluding birds and timberfor construction. Within the faunal assemblages anumber of
forestbird species were also present, including; kererli (Hemiphaganovasealandiae), tan
(Prosthemadera novasealandiae) and kokako (Callaeas cinereus) (Anderson 1981; Mitchell 2010).
The high abundance of podocarp species withinthe charcoal record, supports the likelihood of
timber processingon site. This may have included the construction of structures and waka. The
focus on coastal resources, and use of forest resources, may be the reason that Purakaunui does not
follow the IBP model. As Purakaunui did not rely on terrestrial resources it may not have been inthe

interests of the inhabitants to remove the adjacent forest. The coastal resources that were targeted
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at Purakaunui were not affected by anincrease in open vegetation and thereforethe burning of

forestwould have served little purpose.

Thisinvestigation has demonstrated the suitability of Shag River Mouth and Purakaunui for
comparison. The two sites share a geographiclocation onthe East coast of Otago, and more
specifically are located on dune systems adjacent to estuarine environs. The chronologies of both
sites place them within early Polynesian colonisation of the South Island of New Zealand, and their
occupation durationisalso comparable. The differencesinsite function, and resource use, could be

the reason behind each sites uptake of intensivelandscape burning.

Shag River Mouth representsa more intensive, and continuous settlement than Purakaunui, which
ongoinginvestigations show had acomplex settlement. Analysis of arange of archaeological data,
includingthe charcoal record and faunal remains shows two distinct regimes of landscape
modification and resource exploitation. The anthracological data generated through this
investigation has suggested that Shag River Mouth fits within the IBP model. In contrast, the results
of thisresearch indicate that Purakaunui does not fit within the model of landscape modification

suggested by the IBP.
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7. Conclusion

This thesis posed several questions about curated charcoal assemblages. The core problem

questions the viability of curated charcoal assemblages for retrospective analysis and asked:

‘Are existing curated charcoal assemblages appropriate sources for retrospective anthracological

research?’

This core problem was testedin relation tothe analysis of two archaeol ogical charcoal assemblages.

Three specificquestions weretested from this analysis.

1) Canchangesinfuel collection be viewed overtime?
2) Do changesinfuel collection reflect on potential vegetation impacts atthe site?
3) Areanthracological analyses of East Otago archaeological sites consistent with the IBP

model for landscape modification?

Curated charcoal assemblages from Shag River Mouth and Purakaunui were analysed in orderto
answerthe above three questions. The results, as discussed in previous chapters, reveal how
curated charcoal assemblages that originate from cultural activity and secure stratigraphic contexts,
can informonfuel collection and use. The identification of vegetative impacts, especially those
associated with the IBP, is limited and depends on anumber of criteria; the nature of the
assemblage in representing primary or secondary contexts, the number of units present within an
assemblage, the sampling strategy that generated the assemblage and the presence of existing

palaeobotanical research.

7.1 Primary and secondary contexts

The two curated archaeological assemblages represent both primary and secondary contexts. Shag
River Mouth presents largely primary contexts in the form of excavated fire pits. In contrast
Purakaunuiisrepresented by secondary contexts. The differences presented by these two types of
contexts were explored inthe thesis as they are one of the fundamental influences as to how much
information can be gathered from curated charcoal assemblages. It haslong been established within
international literature that primary contexts are inappropriate sources forvegetation
reconstruction data (Asouti and Austin 2005; Théry-Parisot 2002; Théry-Parisot et al. 2010).
Establishing how much this affects small scale retrospective anthracological analysis was one of the

outputs of thisresearch.
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The assemblages from Shag River Mouth were limited as they predominantly represented primary
contexts and as such could only inform conclusively on asmall number of cultural fire events. The
lowest cultural layer of Shag River Mouth High Dune excavation, layer 11, had three individualfire
events (units C8, F4 and D7) as well as secondary midden scatter (units F8and J5). This meant that
layer 11 gave information on more general fuel collection trends. These general fuel collection
trends were the targeting of the shrubland surrounding the site as well as the inclusion of

opportunistically sourced wood, including driftwood.

The charcoal assemblage from layer 7, represents only asingle fire eventin the form of a large oven,
feature 302. Inthis respect, thisassemblage could provide extremely limited information of asingle
fire. The data generated from feature 302 show the dominance of P. divaricatus, a saltmarsh species,

and smalleramounts of opportunistically sourced wood.

The results fromthe Shag River Mouth analysis cannot be considered suitable standalone evidence
for vegetation reconstructions or the identification of vegetativeimpacts. The number of sampled
fire eventsis simply too small to be considered appropriate for these anthracological applicati ons.
Howevertheystill provide an extrafacet tothe larger palaeobotanical investigation provided by the
palynologicalreport, soil and vegetation assessment of the local environment. The palynological
report detailed the largescalelandscape change that occurred at Shag River Mouth; as shrubland
was replaced with fernland. The fire events analysed within this thesis from Shag River Mouth
provide amore human aspectto the landscape change as they directly reflect how people interact

with theirchanging vegetative environment.

The anthracological analysis of the two Shag River Mouth assemblages show asignificant change.
The earlierovens utilise awide range of taxaand suggest that fuel was taken both directly from
livingenvironments and as relict wood. The later oven (feature 302) is almost entirely represented
by a low value saltmarsh species (P. divaricatus). This transitionin fuel collection, from avaried
selectiontoaconcentrated focus, was consideredintandem with the existing palynological report

to reflectthe differencesin fuel availability.

As the surrounding shrubland is removed, potentially to encourage the growth of bracken, the
available fuelwoodisreduced to those environments not suitable for bracken growth, such as
saltmarsh. The reductionin availablespecies necessitates fuel collection from the remaining
vegetative environments, despite the lower fuel value of those species, and opportunisticrelict
wood collection. Inthis respectthe high concentrations of P. divaricatus within the layer 7 charcoal
assemblage can be considered areflection of reduced fuelchoices and adirecthuman reactionto

largescale landscape changesin the vegetative environments of Shag River Mouth.
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At Purakaunui, both sampled assemblages consisted e xclusively of material sourced from secondary
contexts. As these secondary contexts contained information on multiplefires the datagenerated
fromthe samplesis considered representative of the general fuel collection patterns. The datafrom
the lower cultural layer, layer 4, showed exploitation of an established matai and totara forest, with
species fromthe forest margin beingtargeted as well as the larger podocarps. A transition away
from such a highrelative abundance of podocarpsis notedin the youngercultural layer, layer 2.
Instead, agreater number of speciesand specimens fromthe forest margins and understory were

identified.

The nature of the Purakaunui assemblages, as secondary contexts, allows for the generated datato
beinterpreted as evidence of both general fuel collection patterns and vegetationimpacts. The
changesvisible inthe results of the analysis of the two assemblages shows no drasticchange in the
fuel collection patterns. Although the relative abundances of the speciesidentified fluctuate the
exploited environments remain constant with an established matai and totaraforest providing the

majority of the fuel.

Analysis of the Purakaunui assemblage also addressed the topicof vegetationimpacts. Identifying
vegetationimpacts at Purakaunui provides not only aregional comparison with Shag River Mouth
but alsothe large scale vegetationimpact represented by the IBP, determined to have occurred

between 1270AD and 1600AD (McWethy et al. 2010, 21344).

As discussed above, the anthracological analysis from Shag River Mouth was compared with an
existing palynological reportidentifying the removal of open shrubland and replacement with
bracken and fern growth. This landscape modification, ostensibly in orderto encourage the growth
of bracken, animportant carbohydrate source, is compatible with the largescale landscape

modification identified as the IBP (McGlone 1983, 1989; McWethy et al. 2009, 2010).

The IBP model was constructed using palaeoenvironmental data (McWethy et al. 2009, 2010). At
Shag River Mouth thisis consistent with the model, with the palaeoenvironmental datafrom pollen
cores providing the most significant evidence for vegetation burning. The analysis of charcoal from
cultural activities at Shag River Mouth provided additionalinsightinto how this affected vegetative

interactions; namely fuel collection.

Purakaunui was also occupied withinthe IBP, howeverthe vegetation impacts identified through the
anthracological record do not correlate with expected impacts. The IBP is characterised by a
dramatictransition from established forest to open, bracken-dominated fernlands through the

liberal application of fire (McWethy et al. 2009). Despite Purakaunui presentingasuitable
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opportunity forsuch a transition, having both an established forest and the dry east Otago climate,

large scale vegetation impacts are not visible within the anthracological record.

The impact thatisvisible isareduction overtime inthe relative abundance of podocarps. This
reductionis effectively adecrease from 52% of the total assemblage inlayer4to 28.8% of the total
assemblageinlayer2,and isaccompanied by a complementaryincrease in medium and small tree
species. These differences between layers were interpreted as an encroachmentinto established
forest. This vegetativeimpact contrasts with the dramaticvegetation modification identified at Shag

River Mouth, and isinterpreted as a manifestation of the difference between the two occupations.

Shag River Mouthis hypothesised to represent continuous settlement, and thus significant resource
depletion (Anderson, Allingham and Smith 1996). This resource depletionisidentified notonlyin
relation tovegetation butalsofauna. McGovern-Wilson et al. (1996) identified adecrease in the
number of coastal bird species overtime and acorresponding increase in open country birds,
notably New Zealand quail. The presence of moaspeciesis alsonoted as decreasing overtime,

illustrating an intensive, local exploitation (Anderson and Smith 1996b).

It isnot clear whether Purakaunui represents continuous settlement. Onthe limited evidence
available itmay represent several periods of use overa period of <100 years. Faunal analysis at
Purakaunui hasidentified afocus on coastal resources, including finfish species, red cod, barracoota,
and coastal birds (Diomedea) (Latham 2005; Mitchell 2010). Terrestrial species are presentin small
quantities, with the exception of kuri, and some forest birds (Latham 2002, 2005; Mitchell 2010). The
interpretation of the site asatemporary fishingcampis overly simplisticand the identification of

lined pitfeaturesindicates amore complex site function.

The IBP modelis usedtoidentify largescale landscape modification but does not address how it was
implemented atan occupation level. Analysis of two suitable occupations within this theses has
demonstrated how the inclusion of archaeological charcoal assemblages enrich the
palaeoenvironmental datathroughinsightinto human action. Whilstthe Shag River Mouth data
strongly correlates with the practices predicted by the IBP model, thisinvestigation highlighted how
the loss of the cleared environments affected the availability of wood fuel. Low value fuels were
sourced from environments not suitable forclearance, such as the saltmarshes. At Purakaunui,
where no palynological data was available, the charcoal assemblage gave aclearindication that fire
clearance was not occurring. The identification results show the maintenance of podocarp forest,
providing evidence against the assumption that vegetation clearance was widespread and rapid
alongthe East coast. The anthracological investigation of these archaeological charcoals has resulted
ina more nuanced understanding of anthropogenicvegetation impacts during Polynesian

colonisation of East Otago.
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7.2 Constructing the most appropriate sample

This study acknowledges limitations presented in the forms of sample sizes and the availability of
parent bags from which the curated charcoal was gathered. Attempts to mitigate the first limitation
were made through the use of cumulative sampling, whereby asample was deemed ‘representative’
whenthe plotted data of number of identifications overincremental identifications established a
plateau. The second limitation, the availability of parent bags, was identified as an unavoidable

problem of some curated assemblages and one that needs to be considered for future research.

The practical considerations of field sampling have been identified within this th esis as one of the

key opportunities for bias to affect the anthracological record.

At Shag River Mouth, both bulk samples and concentrated deposits were sampled. Bulk sampling
prevents bias from entering curated assemblage by preservingall sizes of charcoal, increasing the
visibility of smallertaxa. Small taxa are often difficult to identify within charcoal assemblages due to
theirpoorpreservation butare important for both understanding fuel collection strategies and for

reconstructing vegetative environments.

In contrast, hand selection, especially of larger charcoal specimens, provides significant bias towards
the largertaxa and ultimatelyprevents the sample from representing eitherfuel collection trends or
the vegetative environment. Although no assemblage analysed within this research was represented
solely through hand selected materialtwo parent bags from Shag River Mouth layer 7 (stake 3 and
stake 4), contained the remains of large charcoal specimens. In both examples 86% of the material
identified was to asingle taxa (P. divaricatus). Itis clear that these ‘stakes’ were individual P.
divaricatus specimens which have subsequently degraded into small specimens. As such, they

potentially introducesignificant bias into the datafor this layer.

The bulk sampling of charcoal samplesinthe fieldis also beneficial for future anthracological
analysis asit encourages sampling of secondary contexts. The differencesin primary and secondary
contexts has been a key theme throughout this thesis as they don’t provide the same opportunities
for anthracological research. As discussed previously within this chapter, the characteristics of both
primary contexts disqualifies them from providing standalone evidence for vegetation
reconstruction orinvestigating vegetative impacts. The primary contexts analysed within this thesis
were accompanied by a complementary palynological study which permitted interpretation related
to vegetative impacts, howeverthis will not always be possible. In orderto maximise the range of
anthracological applications, field samples would ideally sample secondary contexts as they can
provide inferential evidence for vegetation reconstruction and vege tative impacts, as demonstrated

through the analysis of the Purakaunui assemblage.
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Future research within the field of anthracology in New Zealand can endeavour to establish
appropriate sample sizes forthe different climates and environments of this temperate country. The
coolerclimates of the South Island, and the wetter climates of the west coast of the South Island,
would require pilot studies to suggest appropriate samplesizes. This investigation has established
appropriate sample sizes for the temperate east coast of Otago with three assemblagesindicating
suitable representation at 250 specimens. Future studies can also address the assumptions of the

IBP, testing the palaeoenvironmental dataon an occupational level.

Thisthesis has shown that ultimately the ‘appropriateness’ of an assemblage can only be categorised
whenthe purpose of the anthracological researchis considered. Assemblages from both primary
and secondary contexts have provided valuable information on fuel collection and vegetative
impacts. It has been demonstrated thatin orderto generate the greatestamount of datathrough
retrospective anthracological analysis the most appropriate samples are bulk samples belongingto
secondary contexts. The value of anthracological analysis can be considered atits highest whenit
providesinsightintothe everyday lives of past people. This has been achieved at both archaeological
sitesinvestigated with the resource depletion at Shag River Mouth providing aregional contrast to
the more sustainable forestinteractions visible at Purakaunui and placing them both within the

context of early Polynesian environmental impacts.
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Species keys; A simplified guide foridentification of species from with both Shag River Mouth and Purakaunui assemblages. Wh ere anatomy is described for
genusonly anatomy (eg. Hebe ?spp.) thatisfound amongthe majority of speciesisincluded. Adapted from Meylan and Butterfield (1978) and Patel

(1967a, 1967b, 1968, 1973,

1978, 1986, 1995, 1995a).

Species

Vessel arrangement

Rays

Otheridentifying features

Coprosma ?spp.

Vessels are mostly distributed evenly
although some samplesdisplayaslightring
porosity. Vessel arrangement varies
between speciesthough can be solitary, in
radial multiples orirregular clusters of 2-6.

Rays are multiseriate, heterogeneous
typell, 2-9 cellswide.

Coraria arborea
Tutu

Vessels are distributed evenly throughout
the growthring. Vessels are either solitary
orinirregularmultiples of 2-8 cells.
Growth rings are slightly distinct to distinct.

Rays are multiseriate, approximately
10-20 cells wide.

The axial parenchymaisvasicentric
paratracheal, sometimes banded.

Discaria toumatou

Vessels can be eithersolitary, inradial

Uniseriate and multiseriate rays

Vessel member walls are occasionally

Matagouri multiples of 2-3 cells orclusters of 2-8 cells. | present. Multiseriate rays are mostly smooth but are generally overlaid with
heterogeneoustype Il 3-20cell wide, faint helical thickenings
although occasionally up to 40 cells
wide.
Hebe ?spp Vessels are distributed evenly throughout | No rays. Often small diameter wood with pith
the growthring. They can be solitaryorin still visible.
radial multiples of 2-5 cells. Growth rings
are slightly distinctto distinct
Kunzea robusta Vessels distributed more orless evenly Rays are both uniseriate and
Kanuka although some samples presentring- multiseriate. Multiseriate rays are
porosity. Vessels can be eithersolitary, in heterogeneoustype ll, 2-4cells wide.
tangential pairs or oblique pairs of 2-5
cells.
Leptospermum Vessels distributed more orless evenly Rays are both uniseriate and
scoparium although some samples present ring- multiseriate. Multiseriate rays are
Manuka porosity. Vesselsin multiples, often heterogeneoustypell, 1-3cells wide.

displayingastrongoblique pattern.
Growth rings mainly distinct.
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Melicytus lanceolatus

Vessels are distributed evenly throughout

Multiseriate and uniseriates rays

Vessel memberwalls are normally

Mahoe-wao the growthring. Occasionally solitary but present. Multiseriate rays are normally | smooth but are occasionally overlaid
mistsinradial multiples orirregular heterogeneousirregular2-10cells wide. | with faint helical thickenings.
clusters of 2-5 cells. Growthrings are
indistincttoslightly distinct.

Melicytus ramiflorus Distributed evenlythroughout the growth | Both multiseriate and uniseriates are Vessel member walls are smooth.

Mahoe ring, vesselsinradial multiples orirregular | presentwith multiseriate rays

clusters of 2-8. Vessels may also be
solitary. Growth rings are indistinct to
slightly distinct.

heterogeneousirregular, 2-10cells
wide.

Metrosideros umbellata
Southern Rata

Vessels are normally evenly distributed
throughout the growthring. They are
normally solitary although rarely canbein
radial multiples. Growth rings are indistinct
to slightly distinct.

Rays are heterogeneous, mostly type ll,
2-4 cells wide.

Myoporum laetum Vessels are distributed throughout the Uniseriate and multiseriate rays
Ngaio growthring inradial multiples of 2-5cells | present. Multiseriate rays are
or occasionallyinirregularclusters of 2-6 heterogeneoustypeslandll, 1-4 cells
cells. Growthringsare indistincttoslightly | wide.
distinct.
Myrsine australis Vesselsare distributed evenly throughout | Rays are multiseriate, heterogeneous, The vessel memberwalls are overlaid

Matipo, Mapou

the growthrings in radial multiples of 2-5
or solitary

4-10 cellswide.

with prominentclose helical
thickenings.

Nothofagus ?spp.

Vessels are distributed evenly. Vessels are
in radial multiples of 2-6, occasionally
irregular clusters. Growth rings are
moderately distinct to distinct.

Rays are a uniseriates orbiseriate,
although N. menziesii has multiseriate
rays 1-3 cells wide.

Olearia ?spp.

Vessels are distributed evenly throughout
the growthring. Vessels can be solitary or
in multiples displaying an oblique pattern.

The rays are mostly multiseriate
heterogeneoustype Il 2-6cellswide.

Vessel memberwalls often have helical
thickenings.

Pittosporum ?spp.

Vessels are distributed more orless evenly
throughoutthe growthring. Vessel are

Although both uniseriatesrays are
presenttheyare uncommon.
Multiseriate rays are either

Vessel memberwalls are overlaid with
prominent helical thickenings.
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presentinradial multiples 2-5. Growth
rings indistinctto distinct

homogenous or heterogeneous typesl|
and Ill, 2-5 cells wide.

Pennatia corymbosa
Kaikomako

Vessels are mostly solitary and evenly
distributed though they mayalsobein
‘false tangential pairs’ orradial multiples.
Growth ringsindistinctto moderately
distinct.

Rays are heterogeneous type ll.
Multiseriates and uniseriates both
present. Multiseriate rays 2-7 cells
wide.

Vessel memberwalls have faintto
prominent helical thickenings.

Plagianthus divaricatus
Saltmarsh Ribbonwood

Vessels are arranged, along with the axial
parenchymaand fibres, in concentric
bands. Growth rings are slightly distinct to
distinct.

Rays can be either uniseriates or
multiseriate however most are
multiseriate. Theseare homogenous, or
heterogeneoustype 11 11-25 cells wide.

Podocarpus totara No vessels. Growthrings are moderately Rays can be uniseriates orbiseriate. Crossfield pits are mostly small and
Totara distinct to distinct. Axial parenchyma crupressoid ortaxoid.

abundant.
Prumnopitys taxifolia No vessels. Growthrings are indistinctto Uniseriate to biseriate rays present. Crossfield pits are large and cupressoid.
Matai slightly distinct. Axial parenchyma absent
Pseudopanax Ring porosity visiblein same samples, Rays are both uniseriatesand
crassifolius though may also be evenly distributed. multiseriates. Multiseriate rays are
Horeka Vessels can be solitary butare mostlyin heterogeneoustypesllandlll, 1-6 cells

irregular clusters of 2-10 or radial multiples | wide.

of 2-7. Growthrings are slightly distinct to

distinct.
Sophora microphylla Vessels are distributed evenly throughout | Rays are multiseriate, heterogeneous Whenviewed inthe tangentialsection
Kowhai the growthrings and are foundinirregular | typell andlll, mostly 5-10 cells wide. axial parenchymaare storied.

clusters of 2-15, occasionally more. Growth
rings are indistinctto slightly distinct.

Streblus heterophyllus
Turepo

Vessels are mostly solitary but radial
multiples and clusters are also present.
Growth rings are slightly distinct to distinct.

Heterogeneoustype lland Ill.
Multiseriates and uniseriates present.
Multiseriate rays 1-5 with occasional
increase upto 8 cellswide.

Axial parenchymaare abundantand
presentin paratracheal bands 2-34 cells
wide withabundantintercellular
spaces. Vessel member walls smooth
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